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Abstract 

Introduction: High risk-human papillomavirus (HR-HPV) is a well-established 

aetiological factor in a subset of oropharyngeal squamous cell carcinoma (OPSCC) that 

shows distinct biological and clinical behaviour when compared to HPV-negative 

OPSCC. HPV-positive OPSCC patients have improved responses to oncological 

treatment and better overall survival in comparison to HPV-negative OPSCC patients. 

The role of the tumour microenvironment (TME) in tumour cell promotion and metastasis 

has been studied intensively in the last decades, and it is thought to play a crucial role 

in HPV-negative OPSCC progression. In oral squamous cell carcinoma (OSCC), cancer-

associated fibroblasts (CAFs) phenotypes have been characterised thoroughly in our lab 

and we have reported, with others, the critical function of CAFs in OSCC progression. 

CAF phenotypes and their role in OPSCC, and the influence of HPV on this, have not 

been investigated before.  

 

Objective: To investigate the presence and clinical significance of CAFs in OPSCC and 

explore novel candidates in tumour-fibroblast crosstalk. 

 

Results: A retrospective cohort of primary OPSCC presented in tissue microarrays 

(n=143) was subjected to HPV 16 and 18 RNAScope assay and p16 IHC to determine 

the prevalence of HPV-associated OPSCC. ɑ-SMA IHC was performed for CAF 

detection. Although ɑ-SMA expression was observed in both OPSCC subtypes (p>0.05), 

it provided further survival stratification in the HPV-positive group (n= 87) with significant 

prognostic value for the poor prognosis (Log-Rank p=0.02).  

  

To investigate the functional role of CAFs in HPV-positive and HPV-negative OPSCC 

TME, we had first to establish a strong framework of understanding in OPSCC fibroblast 

phenotypes. Using 3 normal tonsillar fibroblasts cultures (NTFs), myofibroblastic and 

senescent in vitro models were established and characterised; moreover, two OPSCC-

derived CAF cultures, originating from HPV-positive tumours, were established and 

characterised. The comparison between OPSCC CAFs models and previous data from 

previously established models derived from oral fibroblasts revealed no differences in 

the developed phenotypes in responses to TGF-β1 and H2O2 stimuli (which in oral 

fibroblasts induce myofibroblast differentiation and senescence, respectively), 

suggesting that the biological differences in OPSCC subtypes are mainly attributed to 

cancer cells and their capacity to modulate the underlying microenvironment. 
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With the purpose to test this hypothesis, cytokine expression profiling was performed on 

in vitro co-culture 2D models to identify novel candidates in the crosstalk between 

OPSCC tumour cells and fibroblasts. Osteopontin (OPN) was identified among other 

factors as a novel secreted factor, particularly with HPV-negative OPSCC cell line 

(SCC89), but not with HPV-positive cell line (SCC2). Using interactive co-culture 2D 

models provided further validation regarding OPN expression and revealed an 

upregulation in IL-6 in the associated fibroblasts in the co-cultured model. 

 

The preliminary investigation of OPN effect on NTFs showed a potential alteration in NTF 

phenotype. Targeting CD44v6 attenuated the production of Interleukin-6 (IL-6) in 

recombinant OPN-induced NTFs. However, blocking of CD44v6 on NTF before the 

incubation with OPSCC cell line conditioned media revealed a variable degree of IL-6 

reduction. The initial assessment of OPN effect on OPSCC cell lines demonstrated 

activation of CD44 receptor in response to recombinant OPN treatment that was more 

evident in HPV-negative cell lines. 

  

Assessment of OPN expression on the study cohort was limited to IHC; this indicated 

OPN as an independent prognostic biomarker in OPSCC associated positively with 

favourable survival at univariate and multivariate regression models (HR= 0.37; 95% CI: 

0.17-0.79, p-value = 0.01) and (HR= 0.44; 95% CI: 0.20-0.93, p-value = 0.03) 

respectively. 

 

Conclusion: The isolation and characterisation of OPSCC fibroblasts described provide 

novel insights into the role of CAFs in OPSCC mediated by OPSCC cancer cell:CAF 

crosstalk. Moreover, it is proposed that ɑ-SMA has the potential as a prognostic 

biomarker for HPV-positive OPSCC stratification. The positive correlation between OPN 

overexpression and survival warrants further investigations. 
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1. Literature Review  

1.1 Oropharyngeal squamous cell carcinoma  

The oropharynx (OP) is the middle part of the pharynx that extends from the mobile soft 

palate superiorly to the upper border of the epiglottis inferiorly.  Anteriorly, it is bordered 

by the base of the tongue and laterally by the tonsillar pillars with palatine tonsils and 

lateral pharyngeal walls. The back wall of the pharynx represents the posterior boundary 

of the oropharynx (Logan, 2016) (Figure 1.1). Oropharyngeal squamous cell carcinoma 

(OPSCC) is one of the head and neck cancers (HNC) that has been studied intensively 

in the literature, coinciding with marked increases in incidence over the last three 

decades. The traditional HNC risk factors (tobacco use and alcohol drinking), in addition 

to HPV oncogenic infection, are considered the main risk factors for OPSCC 

development. Diversity in risk factor distribution among countries, besides the 

demographic disparities, reflect the discrepancies in OPSCC trends worldwide, making 

the understanding of OPSCC epidemiology a complex issue. However, generally, HPV-

positive OPSCC displays distinct clinical and molecular profiles from its HPV-negative 

counterpart, in addition to superior prognosis. This advantage offers the possibility of 

reducing treatment intensity in HPV-positive OPSCC populations to improve patients’ 

quality of life while maintaining a favourable clinical outcome. 

 

 

 

 

 

 

 

 

 

Figure 1.1: The anatomy of the oropharynx. Parts of the pharynx (left). A detailed illustration 

of the oropharynx (Right). The illustration is modified from (Oropharynx: Introduction, 2021) and 

(Parts of the throat (pharynx), 2021). 
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1.1.1 OPSCC Risk factors 

Tobacco and alcohol consumption are known as the traditional primary causes for the 

development of HNC and they are responsible for approximately 80% of upper aero-

digestive tract cancers (Schiffman, Clifford and Buonaguro, 2009). Cigarette smoking is 

a common form of tobacco consumption. It comprises a complex mixture of more than 

500 carcinogenic and mutagenic substances, including polycyclic aromatic 

hydrocarbons, N-nitrosamines, formaldehyde, and a variety of free radicals 

(Schlotzhauer and Chortyk, 1987; Zhang et al., 2003). The synchronised consumption 

of alcohol and tobacco further potentiates the risk of cancer developing (Kreimer et al., 

2005), however, the mechanism of pathogenicity of alcohol in the development of cancer 

is still unclear. 

In the literature, the presence of a significant proportion of OPSCC patients who are non-

smokers and non-drinkers suggests different aetiological factors. Since the 1970s, when 

the aetiological role of HR-HPV was initially proposed, a large number of reports have 

offered supportive evidence regarding the significant association between OPSCC and 

HPV oncogenic infection. In 2009, the International Agency for Research on Cancer 

(IARC) acknowledged HPV 16 as a causative agent in OPSCC (Bouvard et al., 2009), 

then the categories of HPV-positive or HPV-negative tumours were formally introduced 

in the World Health Organization 2017 classification of HNC (El-Naggar et al., 2017). 

HPV-associated OPSCC is described as a sexually acquired disease, with a most likely 

genital-oral route of infection (D’Souza et al., 2007a; Heck et al., 2010; Gillison et al., 

2015).  High-risk HPV genotypes have been detected in OPSCC, mainly HPV 16 

genotypes, that were reported at a higher percentage of detection in HPV-positive 

OPSCC (>85%) (Kreimer et al., 2005; Schache et al., 2011; Craig et al., 2020; Zamani 

et al., 2020). Changes in sexual behaviour were believed to be the primary risk factors 

in developing HPV-positive OPSCC (Rettig, Kiess and Fakhry, 2014). Earlier age at 

sexual debut, a higher number of lifetime oral and genital sexual partners (greater than 

8-10), women with HPV-positive cervical lesions and their partners and an increase in 

oral sex practices (>6-4 oral sexual partners), all these are considered risk factors in 

developing HPV-OPSCC (D’Souza et al., 2007a; Heck et al., 2010; Selcuk, 2016). 
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1.1.2 Epidemiology 

OPSCC has been highly debated over the last two decades. In 2018, the epidemiological 

data presented 140,000 new cases of OPSCC in addition to 50,000 deaths worldwide. 

The burden attributed to HPV-associated OPSCC was estimated to be a third of all 

OPSCC cases (42,000 cases) (Bray, Ferlay and Soerjomataram, 2018; Martel et al., 

2020). However, this proportion may not portray the realistic picture of HPV driven 

OPSCC incidence in the epidemic areas. There is a great discrepancy in the distribution 

of HPV-related OPSCC around the world, with a high increase in incidence being most 

observed in North America, Europe, and Australia (Martel et al., 2017). The alarming 

increase in OPSCC in epidemic countries was believed to be linked to an HPV oncogenic 

infection that was reported as being responsible for around 70% of all OPSCC. However, 

due to the inconsistency in HPV detection methods between the reports, the range in 

this percentage was between 18% and 65%, as presented in a recent systematic review 

assessing HPV prevalence in Europe (Stjernstrøm et al., 2019). 

.  

Although the early evidence from western countries showed an evident increase in HPV-

associated OPSCC compared to non-HPV OPSCC  in the period between 1988-2011 

(Schache et al., 2011; Gillison et al., 2015; Schache et al., 2016), the following data in 

the period between 2002-2015 showed a levelling out of HPV incidence that was 

accompanied by a comparable increase in non-HPV related OPSCC, suggesting the 

possible contribution of another aetiological factor to the growing OPSCC incidence 

(Schache et al., 2016). This observation was based on the largest nationwide study 

(n=1710) recruited from 11 centres around the UK (Schache et al., 2016). However, in a 

recent comparable large population-based study (n= 2169) from Eastern Denmark that 

covered a consecutive 18-year span (2000-2017), there was an increase in OPSCC 

incidence per 100,000 from 1.8 in 2000 to 5.1 in 2017, with a trend break around 2008. 

Intriguingly, oncogenic HPV infection was the main contributor to the total OPSCC figure. 

The incidence of HPV-positive OPSCC was increased by 3-fold compared with a 2-fold 

increase in HPV-negative OPSCC (Zamani et al., 2020). It is worth mentioning here that 

in 2020, Denmark recorded the highest OPSCC incidence in Europe according to the 

European Cancer Information System (2021). 

 

The promising effect of the HR-HPV vaccination programme could potentially prevent 

HPV-related cancer; however, changes in the incidence due to the vaccination are not 

expected to be observed until after 2060 (Gillison et al., 2015). 
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1.1.3 OPSCC Patient profile 

HPV-positive HNSCC possesses unique demographic characteristics with features that 

are distinct from the classic population of HNC patients. HPV-positive OPSCC patients 

tend to be overwhelmingly male, mostly Caucasian, within the middle age group (less 

than 60 years) (Gillison et al., 2015; Schache et al., 2016; Zamani et al., 2020; Sheth et 

al., 2021). However, recent studies reported an expansion of the age group up to more 

than 70 years (Zumsteg et al., 2016, Melina et al., 2018, Rettig et al., 2018 a, Rettig et 

al., 2018 b). The favourable prognosis is a characteristic in HPV-positive OPSCC white 

patients, whereas evidence has suggested that racial disparities have a lower survival 

effect (Schrank et al., 2012; Sheth et al., 2021)  

In the USA, compared to HPV-negative OPSCC patients, HPV-positive OPSCC patients 

are unlikely to have a history of tobacco and alcohol. In the majority of OPSCC, HPV-

positive OPSCC consists of about 30% non-smokers, while in the HPV-negative group, 

the percentage of non-smokers is less than 5% (Hong et al., 2013). The site distribution 

of HPV-positive OPSCC shows it is more common in tonsil and base of tongue subsites 

and less common in the soft palate and uvula (Bishop, 2015). This association between 

the virus and these anatomical subsites is unexplained but may be related to the 

anatomical structure of the tonsillar mucosa including deep invagination and a reticulated 

epithelium structure, which might offer virus capture and maintenance sites and promote 

its access to basal cells (Chu et al., 2013).  

Histologically, HPV-positive OPSCC displays a distinct pattern from conventional 

OPSCC. In HPV-unrelated lesions, the origin of tumour epithelium is the lining epithelium 

and often shows squamous differentiation in the form of squamous pearls (keratinization) 

and abundance of keratinizing cytoplasm attributing for the “pink” appearance of the 

tumour at low-power. Unlike conventional OPSCC, HPV-positive OPSCC arises from the 

specialised lympho-epithelium of the tonsillar crypts and the tumour lacking keratin 

formation. The general appearance of HPV-related OPSCC is characteristically “blue”, 

which might be attributed to the high nuclear-cytoplasmic ratios, and numerous tumour-

associated lymphocytes (Bishop, 2015). Initially, HPV-positive OPSCC was described 

as “a non-keratinized, poorly differentiated basaloid tumour” (Gillison et al., 2000); 

however, after further histopathological analysis, these terms have been modified and 

used more specifically. Although most HPV-positive OPSCCs demonstrate some 

basaloid features, they usually are not aggressive tumours. Using the “basaloid” term 

may not precisely reflect that fact; furthermore, most HPV related OPSCCs do not exhibit 

the basaloid SCC criteria that were set out initially by Wain et al. (1986). According to 
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the classical SCC grading system, most HPV-positive OPSCCs have been graded as 

poorly differentiated, and that description might be attributed to the origin of the tumour 

cells which resemble the tonsillar crypt epithelium rather than tumour behaviour; 

particularly, this subtype of OPSCC possesses a better prognosis and response to the 

treatment (Bishop, 2015). From this point, some authors have suggested to regard HPV-

positive OPSCC as well-differentiated (Westra, 2012), whereas others have agreed not 

to assign a histologic grade to HPVSCC (Lewis, Chernock and Chernock, 2014). In the 

4th edition of the WHO head and neck tumour classification, the histologic grading of 

HPV-positive OPSCCs has been discouraged until appropriate histologic correlates are 

established (El-Naggar et al., 2017). 

HPV-positive OPSCC patients usually present with small primary tumours that are 

associated with more advanced nodal disease (O’Sullivan et al., 2012). Nodal disease 

may be present as a cystic lesion as a consequence of tumour necrosis, which is 

sometimes misdiagnosed clinically and histologically as a branchial cleft cyst, especially 

if the primary tumour is asymptomatic (Corey and Hudgins, 2012; Pickard et al., 2012). 

Compared with HPV-negative OPSCC at the same advanced tumour stage, HPV 

patients demonstrate better clinical outcomes. Based on these features, HPV-positive 

OPSCC has been categorised as a separate entity from non-HPV related OPSCC, with 

a distinct staging system, in the last TNM edition of the American Joint Commission on 

Cancer (AJCC/UICC 8).   

HPV-related OPSCCs have been reported with an unusual pattern and timing of 

metastases. HPV-OPSCC has a higher tendency to disseminate to distant sites rather 

than the head and neck region. Secondary non-keratinized SCC has been reported in 

bones such as vertebrae, humerus and multiple organs such as skin, lung, liver, 

pancreas (Mü et al., 2012). Additionally, in HPV-positive patients, these metastases 

might appear after 2 years from the initial treatment, whereas patients with HPV-negative 

OPSCC typically presented with metastases within 2 years (O’Sullivan et al., 2013). 

 

1.1.4 De-escalation of therapy in HPV-positive OPSCC 

Currently, strategies in OPSCC management are determined by conclusive decisions in 

multidisciplinary meetings depending on presented data regarding the histopathological 

features, tumour stage, general patient health, and fitness. At the early stage, surgery or 

radiotherapy are the available options, however, in more advanced stage disease with 
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lymph node metastases, surgery combined with postoperative radiotherapy or 

chemoradiotherapy are the treatment options. Cytotoxic chemotherapy and targeted 

drugs such as Methotrexate, 5-fluorouracil, Bleomycin, Cisplatin, Cetuximab, and 

Nivolumab have been used accompanied by radiotherapy. Unfortunately, despite 

different treatment modalities and approaches, the five-year survival rate for HNSCC has 

not shown an improvement over the past few decades. At the same time, the majority of 

patients who are completely cured still suffer from late side-effects resulting in non-

cancer morbidity and even mortality in a small proportion. 

The emergence of an HPV-associated OPSCC subtype with better survival rates has 

encouraged clinicians to explore modifying non-surgical therapy according to the viral 

status with the aim to decrease acute and long-term treatment morbidity and mortality, 

and at the same time maintain survival (Sturgis and Ang, 2011). This would involve de-

intensification of treatment protocols using less invasive surgical procedures, such as 

organ preservation by transoral robotic surgery or transoral laser microsurgery; also, de-

intensifying radiation therapy dosage and using targeted molecular agents or 

immunotherapy as an alternative for chemotherapy (Budu et al., 2019). However, Initial 

clinical trials investigating this concept have not proven successful (Mehanna et al., 

2018). 
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1.2 Human papillomavirus 

Human papillomaviruses belong to the Papillomaviridae family which are characterised 

by a non-enveloped DNA genome and high affinity to the cutaneous and mucocutaneous 

epithelium (Burk et al., 2011). HPV subtypes can cause a wide range of diseases from 

benign lesions such as benign condylomas to invasive tumours involving different 

organs. However, HPV’s affinity to mucosal squamous epithelia varies depending on the 

histological features of different body organs; for instance, the squamocolumnar junction 

zone in the cervix has shown to be a highly susceptible location for HPV infection (Herfs 

et al., 2012).  

 

1.2.1 HPV Structure 

The virus genome size is approximately 8 kb, while the size of the virion (infective form) 

is around ∼55 nm in diameter (Zheng and Baker, 2006). All papillomaviruses consist of 

a circular double-stranded, non-enveloped DNA genome which is divided into three 

major regions separated by two polyadenylation sites. The “Early region” occupies over 

50% of the virus genome and encodes six genes including E1, E2, E4, E5, E6 and E7. 

This part is responsible for virus replication and cellular transformation. The “Late region” 

encodes the L1 and L2 capsid proteins which are responsible for virion self-assembly 

and release. The third region is the “Upstream Regulatory Region” (URR), also known 

as “Long Control Region” (LCR), which includes transcription factor-binding sites and 

controls gene expression (Danos, Katinka and Yaniv, 1982; Zheng and Baker, 2006) 

(Figure 1.2). 
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Figure 1.2: HPV16 genome organisation. Illustration showing the position of the three major 

regions of the HPV genome: (E) early genes, (L) late genes, and (LCR) long control region. The 

illustration was created using PowerPoint software, adapted from Berg and Archambault (2010). 

 

1.2.2 HPV Classification 

The HPV genotype classification scheme has proven its efficiency in different 

applications such as in basic research, clinical evaluation, epidemiological studies and 

vaccine generation (Bzhalava, Eklund and Dillner, 2015). The given number in the HPV 

genotype name is dependent on the nucleotide sequence in the open reading frame 

(PRF) which encodes the capsid protein L1. According to the similarity within the L1 part 

of the genome, HPV has been categorised into major five genera: α-papillomavirus, β-

papillomavirus, γ-papillomavirus, mu-papillomavirus, and nu-papillomavirus among the 

65 genotypes under the α-papillomavirus category, a limited set of viruses are linked to 

precursor and cancer development (Bernard et al., 2010).  

According to epidemiological data on cervical cancer aetiology, HPV has been classified 

based on the oncogenic capability into two groups: high risk and low-risk. However, in 

head and neck squamous cell carcinoma (HNSCC), an HPV low-risk group also was 

detected. HPV 11 and HPV 6 were reported in association with squamous cell carcinoma 

(SCC) of the larynx and giant condyloma acuminatum (D’Souza et al., 2007; Osei-Sarfo 

et al., 2013). 
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HPV-16 is the most common type associated with SCC in the cervical and head and 

neck region. Over 80% of OPSCC is associated with HPV-16, while this percentage is 

lower in cervical cancer (60%) (Gillison et al., 2008; Sanjose et al., 2010). HPV-16 

genotype was correlated with a better prognosis compared to HPV-18 in cervical cancer 

and OPSCC (Kónya et al., 1995; Thibaudeau et al., 2013; Mazul et al., 2016).  

Besides the heterogeneity in virus virulence among HPV genotypes, lineages and sub-

lineages originated from the same genotypes exhibit distinct phenotypic profiles. 

Differences between lineages were observed in their ability to induce the tumour; for 

instance, HPV 31 A and B lineages have a higher risk than lineage C in developing 

cervical intraepithelial neoplasia grades 2 and 3 (Xi et al., 2014). Moreover, some 

lineages appeared with characteristic geographic dispersion, with HPV58 sub-lineage 

A3 being highly detected in East Asia compared to other HPV58 variants and associated 

with 7-9 fold higher in cervical cancer development (Chan et al., 2011). These data 

suggest further investigations on HPV genomes and variants classification that might 

provide a new basis for the preventative/therapeutic interventions of HPV infection and 

epidemiology studies.  

 

1.2.3 Pathogenesis of HPV related cancer 

The full mechanism of HPV gene regulation within the differentiated keratinocyte is still 

unclear. According to the observations in cervical cancer, there is a general agreement 

that the non-structural proteins which include E1, E2, E4, E5, E6 and E7 are expressed 

in the basal cell layer and intermediately differentiated keratinocytes, whereas the two-

structural viral capsid proteins that include L1 and L2 are expressed at more superficial 

layers in keratinocytes undergoing terminal differentiation (Longworth and Laimins, 

2004). Thus, HPV oncoprotein expression is proportional to their function during the virus 

life cycle: E1 and E2 contribute to HPV DNA replication and the regulation of the process 

of early transcription; E5 increases the proliferative capacity of keratinocytes; E6 and E7 

maintain the differentiating keratinocyte in a state that allows viral genome amplification 

and consequent late gene expression; and E4 associates with cytokeratin filament 

collapse and virion assembly (Zaravinos, 2014) (Figure 1.3). 
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Figure 1.3: The HPV productive life cycle. Uninfected epithelium (left) and HPV infected 

epithelium (right). The HPV life cycle is dependent on epithelial differentiation and coincident with 

virus protein expression. Expression of HPV proteins within the stratified epithelium is correlated 

with their function in infection establishment and virion production. The infection starts by virion 

penetrating the basal layer and is maintained at low copy numbers until cells start to differentiate 

to increase the expression of early proteins (E1, E2). By entering the differentiating cells into the 

active cell cycle, the viral genome starts to amplify, making a high copy number coincident with 

E6/E7 expression. At higher layers, L1, L2 and E4 start to be expressed at a high level to enable 

virion assembly and egress. Finally, on reaching the superficial layers of epithelium, virion 

particles are released. The illustration was created using PowerPoint software, adapted from Mac 

and Moody (2020). 

 

E6 and E7, which are known as HPV viral oncogenes, are characterised by their 

pleiotropic functions in overlapped pathways, resulting eventually in cell immortalisation, 

genetic instability alongside virion production (Yim and Park, 2005). E6 protein acts on 

p53 protein through ubiquitin ligase E6-associated protein (E6AP), leading to p53 

ubiquitin changes and proteasomal degradation of p53 (Huibregtse, Scheffner and 

Howley, 1991). p53 is known as the “guardian of the genome” due to its regulatory effect 

on cell cycle arresting and apoptosis formation as a response to cellular stress or DNA 

damage, while loss of p53 check-point leads to uncontrolled cell cycle progression 

(Huibregtse, Scheffner and Howley, 1991). 
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Similarly, E7 protein elicits its action through Rb/E2F inactivation which results in cell 

cycle promotion and reciprocal p16 overexpression. p16 protein is a cell cycle inhibitor 

that controls the G1-S phase transition of the cell cycle by inhibiting phosphorylation of 

retinoblastoma protein (pRb)/E2F complex leading to E2F release and subsequently cell 

cycle activation (Bova et al., 2001). This pathway is regulated by E2F re-binding to Rb. 

E7-pRb/E2F complex interaction results in an independent release of E2F which results 

in loss of the p16 feedback loop (Figure 1.4). The high affinity of E6 and E7 protein to 

bind p53 and Rb is a feature of high-risk HPV rather than low-risk genotypes (Jones and 

Münger, 1996), however, the correlation between p16 pattern of expression in OPSCC 

and low-risk HPVs has not been studied thoroughly yet. 

 

 

Figure 1.4: Dysregulation of cell cycle proteins mediated by HPV oncoproteins. E6 and E7 

viral oncogenes target P53 and pRb, respectively, and cause irreversible degradation and 

inactivation. The abrogation of cell cycle regulators (p53 and pRb) leads eventually to genetic 

instability which contributes to the development of cancer. The illustration was created using 

PowerPoint software, adapted from Yim and Park (2005) and Mirghani et al. (2014). 
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The pathogenesis of HPV-associated cervical lesions is well documented in the 

literature, whereas in OPSCC, the precise mechanism of HPV pathogenesis still is 

unclear. Although there is some evidence suggesting the same mechanism in OPSCC, 

including detection of E6 and E7 oncogenes within the tumour, p16 biomarker 

overexpression, and lack of p53 somatic mutations (El-Naggar & Westra 2012; Mork et 

al. 2001), the comparison of HPV pathogenesis between cervical cancer and OPSCC 

reflects discrepancies in several aspects that might suggest a different unexplained 

mechanism in OPSCC. Cervical cancer is developed over a sequential progression 

process from low premalignant phase to high-grade intraepithelial neoplasias. However, 

in OPSCC, the vast majority of lesions present primarily at an advanced neoplastic stage 

and the concept of in situ carcinoma or precancerous has not been identified in OPSCC, 

which may be due to the histological nature of lymphoid tissue (Westra, 2012). Moreover, 

in vitro observations reported a transition from HPV-genome as extrachromosomal 

episomes into a genome integrated form in higher grade dysplastic epithelium. This 

feature is a characteristic of cervical lesions, while it is found to be less frequent in 

OPSCC. Non-integrated HPV episomes are the predominant form in OPSCC (Pett et al., 

2004; Gao et al., 2014; Olthof et al., 2014; Morgan, Dinardo and Windle, 2017). HPV 

productive mechanism through the stratified squamous epithelium is understood and 

documented in the cervical and oral mucosa (Griffin et al., 2015; Hendawi et al., 2020), 

however, it is not known if the virus establishes a productive infection in the ‘unsorted’ 

keratinocytes of the tonsil crypt. 

 

1.2.4 Methods of HPV detection 

The basic clinical requirement of HPV testing is the detection of HPV-relevant infection 

within the lesion. Identification of HR-HPV E6/E7 mRNA is strong evidence of 

transcriptionally active infection (Smeets et al., 2007).  E6/E7 mRNA (qRT-PCR) for HR-

HPV has been suggested as a gold standard test in fresh-frozen tissue (Gillison et al. 

2000), however, in practice, implementation of this technique in routine clinical settings 

is challenging; the test sensitivity depends mainly on the integrity of RNA in a fresh tissue 

sample that could deteriorate during the fixation process in FFPE material (Schache et 

al., 2011). Different strategies have been investigated concerning HPV detection in 

HNSCC, including HPV DNA, HPV RNA, HPV oncoproteins, HPV-related cellular 

proteins, and HPV antibodies. Meanwhile, the target is to achieve a reliable, accurate 

method that can be applied with less cost in the clinical setting (Westra, 2014). 
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1.2.4.1 p16 IHC - The surrogate biomarker 

Klussmann et al. (2003) were the first to suggest p16 IHC expression as a surrogate for 

HPV infection. Years later, Lassen et al. (2009) correlated p16 IHC expression with the 

survival in OPSCC as part of the Danish Head and Neck Cancer Group (DAHANCA) 5 

Trial. Overexpression of p16 IHC has been used widely in clinical settings as a surrogate 

biomarker for HPV associated lesions in cervical and head and neck lesions. p16 

abundance in tissue is believed to be attributed to cell cycle protein dysregulation 

mediated by E7 expression (McLaughlin-Drubin, Crum and Münger, 2011). Due to its 

acceptable sensitivity, high prognostic value and cost-effectiveness, p16 has been 

utilised by the majority as a first-line test for HPV in OPSCC. In 2017, the eighth edition 

of the staging manual of AJCC proposed p16 as the key test for OPSCC stratification 

into p16-positive and p16-negative OPSCC sub-entities. The classification was based 

on compelling evidence supporting p16 as highly predictive. In the same year, the 

College of American Pathologists (CAP) issued the recent update on HPV detection 

guidelines that recommended p16 IHC testing in OPSCC, with emphasis on using >70% 

p16 tissue positivity as a threshold. Adding a specific test is also suggested in areas with 

low HPV prevalence (Lewis, 2020).  

These guidelines were accompanied by ongoing evidence highlighting the shortcomings 

of p16 regarding specificity and emphasising the necessity of adopting algorithm-based 

two-test protocols in HPV testing (Schache et al., 2011). Although p16 is considered a 

strong independent prognostic biomarker in OPSCC, it has low specificity (82%) against 

the gold standard test. False-positive p16 expression has been detected in the normal 

structure of pharyngeal mucosa and in various tumours independent of HPV which might 

be due to other mechanisms involved in pRb inactivation such as gene deletions, point 

mutations or epigenetic modifications (Witkiewicz et al., 2011). p16’s relatively low 

specificity is responsible for a percentage of non-HPV related patients (5%-20%) who 

demonstrated worse outcomes compared to the HPV-negative group. Another pitfall in 

considering p16 IHC for testing is the ambiguity regarding the positivity threshold of the 

test; >70% tissue strong positivity is generally defined as the cut-off and that was 

stressed within CAP guidelines, however, partial staining of 50–70% revealed a number 

of HPV-related cases using other HPV tests (Carpén et al., 2018).  
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1.2.4.2 Two-step Algorithms 

With the purpose to enhance the low specificity of p16 IHC, an HPV-specific test was 

suggested to be included, establishing two step-wise algorithms. Smeets et al. (2007) 

were the first to propose and test this concept. p16 IHC and (Gp)5+/6+ Polymerisation 

chain reaction (PCR) algorithm revealed superior performance with 100% sensitivity and 

specificity compared with the gold standard test, however, it is worth mentioning that the 

PCR primers were designed to cover the HPV16 genotype only, and the analysis was 

limited to 48 cases of HNSCC. In a larger cohort of OPSCC (n=108), Schache et al. 

(2011) reported acceptable diagnostic and prognostic performance for p16 IHC / DNA 

qPCR algorithm compared with the reference test (97% sensitivity and 94% specificity, 

overall survival p=0.002). The qRT-PCR primers in this study cover HPV 16, 18 and 33 

genotypes.  p16 IHC / HR HPV in situ hybridization (ISH) combination displayed 

relatively low specificity that affected the prognostic performance of the algorithm 

(p=0.02). DNA ISH covers 12 genotypes of high-risk HPV.  

Schache et al., among others, emphasised that HPV DNA PCR or HPV DNA ISH should 

not be used alone. Although the PCR technique is known for its high sensitivity in 

simplifying detection of low copy numbers of viruses, the risks of contamination and 

detection of latent or transit HPV infection increase the false positive risk (Robinson et 

al. 2012; Venuti and Paolini 2012; Westra, 2014). DNA ISH is preferable to qRT-PCR 

since it is applicable for formalin-fixed and paraffin-embedded material (FFPE). It 

provides clinical significance as it permits direct visualisation of HPV DNA signals within 

the section (Moutasim, Robinson, and Thavaraj 2015). However, DNA ISH is considered 

less sensitive for low copy number infection. Increasing the number of signal 

amplification steps improved DNA ISH sensitivity, although that was on account of 

background clarity (Huang et al., 1998). Advances in using automated systems have 

made DNA ISH a convenient procedure for sample processing in most pathology 

laboratories. In the UK, currently, HPV DNA ISH is the second line test for all p16-positive 

OPSCCs to confirm HPV status and is recommended by the National Institute for Health 

and Care Excellence (NICE, 2021). 
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1.2.4.3 RNAScope assay 

HPV RNA testing has been demonstrated as a more reliable approach. Detecting the 

transcriptionally active mRNA within the tumour relieves any doubt regarding the viral 

contamination or thoughts of transient non-related infection (Mirghani et al., 2016; 

Plebani et al., 2018). Nevertheless, the standing challenge is the feasibility of 

implementing this approach in FFPE tissue material. While RNA PCR offers excellent 

sensitivity, the technical hurdles were enough to exclude the test from clinical settings 

(Amin et al., 2017).  

In the last decade, the investments of Advanced Cell Diagnostics (ACDbio, CA, USA) in 

RNA-ISH introduced RNAScope assay as a promising alternative in FFPE material. The 

technique is based on a unique “Z-shaped” complementary probe to E6 and E7 mRNA 

nucleotides that offers superior advantages; the lower arm of the probe provides high 

sensitivity and mRNA identification, and the upper arm amplifies the signals specifically 

within a clear background which makes results interpretation an easy forward step. 

Visualisation of in-situ E6/E7 mRNA chromogenic signals definite evidence on the viral 

involvement in lesions development. 

RNAScope diagnostic performance against the reference test (E6 E7 mRNA qRT-PCR) 

was evaluated firstly by Schache et al. (2013), followed by Mirghani et al. (2015). The 

test revealed high sensitivity (97% and 93%) and specificity (93% and 94%, respectively) 

with respect to the difference in HPV probes number between the two studies (7 and 18, 

respectively). Although RNAScope demonstrated excellent prognostic performance, an 

unproven issue remains in the literature regarding whether it is superior to p16 or at least 

at an equivalent level. A few studies reported a comparison between RNAScope and 

p16 prognostic values (Ukpo et al., 2011, Schache et al. 2013, Craig et al., 2020). At 

univariate analysis, RNAScope displayed an equivalent prognostic value to p16, 

although in multivariate analysis the comparison between them was ambiguous. While 

p16 showed a stronger prognostic value in the Upko et al. report, p16’s strength was 

reported as equivalent in the Craig et al. report with respect to the difference in HPV 

probes (Table 1.1).   

Different methods have been suggested recently to enhance p16’s diagnostic 

performance, such as using digital droplet PCR (Marques et al., 2021) and combining 

p16 IHC with p53 assessment (p16/p53 IHC) (Benzerdjeb et al., 2021). Utilising digital 

imaging for the detection of HPV histological features in the H&E sections also was 

proposed as a promising approach in HPV-detection (Klein et al., 2021). 
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Table 1.1: List of studies concerning RNAscope diagnostic and prognostic performance in OPSCC. 
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1.3 Tumour microenvironment 

Although the components of the TME may vary depending on the type and location of 

the tumour, thus making each tumour unique, TME generally comprises two major 

components (Gkretsi et al., 2015). First, the extracellular matrix (ECM) consists of a 

basement membrane and an interstitial matrix that contains and maintains various 

soluble molecules including chemokines, matrix metalloproteinases, protease inhibitors, 

and growth factors, among others. The significance of ECM in tumours is presented in 

the anchorage and facilitating cancer cells migration (Alphonso and Alahari, 2009). The 

second important component in TME is the cellular part. Various cell types are integrated 

into ECM and present significant participation in tumorigenicity. Fibroblasts are the main 

cellular component, in addition to other cell types such as cells of the immune system, 

pericytes, endothelial cells, adipocytes and mesenchymal stem cells. Communication 

between tumour cells and surrounding stroma is constantly maintained through a 

complex and dynamic network of factors including cytokines, chemokines, exosomes, 

growth factors, among others, that contribute to tumour progression and survival (Joyce 

and Pollard, 2009) (Figure 1.5). 

Fibroblasts are a heterogeneous population of spindle-shaped cells of mesenchymal 

origin that are characterised by varying degrees of contractility, ranging from quiescent 

fibroblast at homoeostasis to myofibroblast in acute inflammation and wound healing 

(McAnulty, 2007). In tumour stroma, the associated fibroblasts showed active phenotype 

properties similar to the myofibroblast but are known as cancer-associated fibroblasts 

(CAFs). 
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Figure 1.5: Tumour microenvironment components. The diagram illustrates the wide variety 

of cells within TME. The illustration was created using PowerPoint software, adapted from Foster 

et al. (2018). 

 

1.3.1 Quiescent fibroblasts  

Quiescent fibroblasts or resting fibroblasts are non-dividing, low metabolic fibroblasts 

that are scattered within the stromal tissue as single cells (Kristensen and Petersen, 

1988). They are located proximal to the basement membrane, but without direct contact 

to the epithelial compartment or the basement membrane (Tschumperlin, 2013). They 

perform a crucial function in defining the differentiation status of the overlying epithelium 

through the production of signalling factors, and the secretion and organisation of matrix 

proteins, such as collagen and elastin at the minimum rate (Kalluri, 2016). 

In general, they are defined as fibroblasts that do not express activated fibroblasts 

markers such as α-smooth muscle actin (α-SMA) and fibroblast activation protein (FAP) 

while expressing tissue mesenchymal markers including vimentin, Cluster 

of Differentiation (CD39), and fibroblast specific protein-1 (FSP-1) (Kalluri, 2016; Agorku 

et al., 2019). However, there is a lack of data concerning the quiescent fibroblasts in the 

literature, which may be attributed to the inability to achieve fibroblast cultures with 

definite ‘resting’ status in vitro. Culturing fibroblasts in plastic flasks reminiscent of a 
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stiffened, fibrotic ECM can at least induce partial fibroblast phenotype (proto-

myofibroblast) activation (F. Liu et al., 2015). 

 

1.3.2 Myofibroblasts 

Myofibroblasts have a specialised phenotype that is generated during wound healing 

and in different fibro-contractive diseases (Serini and Gabbiani, 1999). It is a hybrid 

differentiated type that displays combined features between fibroblast and smooth 

muscle cells; they are able to produce intense matrix consisting of extracellular matrix 

proteins, proteases, growth factors, and cytokines resembling fibroblast, besides their 

ability to form well-developed microfilament (Gabbiani, Ryan and Majno, 1971; 

Frangogiannis, Michael and Entman, 2000). The key function of the myofibroblasts in 

active stroma is demonstrated in the enhanced collagen formation and production of 

ECM modulators and growth factors (Madar, Goldstein and Rotter, 2013). However, 

myofibroblasts are not simply limited to this function; they also communicate with other 

cell types via a plethora of secreted factors (Arina et al., 2016). In wound healing, 

fibroblasts are involved as a part of a dynamic process with other cell types including 

platelets, epithelial, endothelial, and immune cells to re-establish the normal tissue 

homoeostatic status and architecture. This process is mediated via a continuous 

sequence of signals including growth factors and cytokines.  

 

1.3.3 Cancer-associated fibroblasts 

These are among the most fundamental components of TME. In general, they are 

described as fibroblasts located within or approximate to the tumour (Kanzaki and 

Pietras, 2020). Fibroblasts within the TME acquire an active phenotype similar to the 

myofibroblasts in wound healing and acute inflammation and are known as CAFs. 

However, they have the ability to secrete vital factors contributing to tumour cells 

proliferation, differentiation, and migration. This might explain the correlation between 

the abundant presence of myofibroblasts and local disease recurrence and poor 

prognosis (Powell et al., 1999; Lewis et al., 2004; De Wever et al., 2008).  
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1.3.3.1 Original heterogeneity of CAFs 

During tumour growth, the number of CAFs increases within the tumour stroma. Normal 

resident fibroblasts are considered the most immediate pool of cells to be recruited at 

tumour sites (Ishii, Ochiai and Neri, 2016). However, although laboratory studies support 

the idea that the initial functional role of fibroblasts is to suppress the early lesions 

(Özdemir et al., 2014; Rhim et al., 2014), validation of this hypothesis on tissue is not 

feasible due to the difficulty of longitudinal sampling of the same lesion (Sahai et al., 

2020). Other local sources from non-fibroblastic lineage have also been described as 

possible progenitors of CAFs, including adipocytes, pericytes, smooth muscle cells, 

epithelial cells, and endothelial cells (Alt et al., 2010; Dulauroy et al., 2012; Fischer et al., 

2015). Bone-marrow derived mesenchymal stem cells also have been reported as a 

source of CAFs in various tumour types (Jung et al., 2013; Zhu et al., 2014) (Figure 1.6). 

 

 

Figure 1.6.: CAF sources in the TME. CAFs are derived from different cell populations. CAF 

precursors undergo a series of molecular events that lead eventually to phenotype transformation. 

Epithelial cells undergo Epithelial to Mesenchymal transition (EMT), and Endothelial cells are 

transformed through Endothelial to Mesenchymal transition (EndMT). Normal resident fibroblasts 

become CAFs through the activation pathway and mesenchymal stem cells through the 

recruitment and activation process. Other cells like pericytes, adipocytes and smooth muscle cells 

undergo a transdifferentiation mechanism. The illustration was created using PowerPoint 

software, adapted from Liu et al. (2019). 
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1.3.3.2 CAFs generation in TME 

Compelling evidence has demonstrated that fibroblast activation is a critical step in 

tumour growth and progression. Reciprocal epithelial-mesenchymal interaction has been 

described as a fundamental process that modulates fibroblasts phenotype to 

myofibroblast phenotype which in turn modulates cancer cells progression. This 

interaction occurs through the direct cell to cell interaction in addition to the effect of 

secretions in the form of cytokines, exosomes, growth factors or through secretion of 

ECM molecules (Mukaratirwa et al., 2005; Powell et al., 2005; Camussi et al., 2010; 

Wang, Su and Amoah, 2020).  

 

Tumour cell and fibroblast interactions have been investigated in OSCC using in vitro 

and in vivo models (Lewis et al., 2004; Vered et al., 2007; Kellermann et al., 2008). The 

evidence revealed further validation of tumour cells’ ability to induce differentiation in 

normal fibroblasts through the TGF-β1 pathway, also demonstrating the effect of a 

significant increase in tumour cell growth and invasion into a Matrigel matrix when they 

were treated with myofibroblast conditioned media (Lewis et al., 2004). Using 

experimental animal models also provides evidence indicating the role of malignant 

epithelial cells in presence of myofibroblasts in oral cancer patients compared to the 

hyperplastic and dysplastic epithelium (Vered et al., 2007). TGF-β is the main cytokine 

inducing the myofibroblastic phenotype that is tightly regulated by integrins (Löhr et al., 

2001; Hassona et al., 2013; Khan and Marshall, 2016). Its action is mediated through a 

signalling pathway via interaction with an intracellular receptor-regulated effector 

(SMAD2 / SMAD3) and (SMAD4) (Massagué, 2012). Once fibroblasts are activated, they 

form stress fibers (proto-myofibroblasts) which generate mechanical tension in the 

extracellular matrix resulting in uncontrolled TGF-β1 activation (Wipff et al., 2007). 

Further production of TGF-β1 leads to myofibroblast trans-differentiation that, 

consequently, increases the stromal stiffness (Khan and Marshall, 2016).  

 

Reports from our lab described successfully establishing a myofibroblastic CAF model 

derived from normal oral fibroblasts (NOFs) using TGF-β1 and highlighted the 

significance of miRNA upregulation in CAF transdifferentiation (Abidin, 2017; Melling et 

al., 2018). Moreover, the functional role of oral-derived CAFs in bone invasion was 

studied thoroughly (Elmusrati et al., 2017; Elmusrati, 2020). However, the response of 

normal tonsillar fibroblasts (NTFs) to TGF- β1 induction has not been investigated yet.   
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Other factors that promote CAF activation include inflammatory modulators that can 

promote CAF activation, such as interleukin-1 through NF-κB signal transducer (Erez et 

al., 2009; Mughees et al., 2021). Changes in ECM physical properties are also capable 

of triggering CAFs (Avery et al., 2018).  Additionally, genomic stresses can provoke 

alteration in the fibroblast phenotype. Double-stranded DNA breaks can induce TGFβ 

family activity and upregulate IL-6 production (Fordyce et al., 2012). In some conditions, 

these factors transdifferentiate fibroblasts into senescent CAF phenotypes (Demaria et 

al., 2017). Tumour-derived Osteopontin was linked to fibroblasts activation in HNC (Qin 

et al., 2018).  The functions which it plays in promoting a tumour-permissive TME are yet 

to be fully elicited in OPSCC. Osteopontin (OPN) shall be discussed in detail in the next 

section 1.4. 

 

1.3.3.3 Phenotypic heterogeneity of CAFs 

The diversity of CAFs’ origin is believed to be reflected in the heterogeneity of CAF 

biomarkers and functionality in TME (Kidd et al., 2012; Prime et al., 2017). Mounting 

evidence based on the molecular analysis and single-cell RNA-sequencing data 

described CAFs as a heterogeneous population of cells, with different biomarkers 

expression and functions. In a recent RNA-sequence analysis on HNSCC (n=18), 

fibroblasts were categorised into 4 populations: resting fibroblasts, myofibroblasts, 

CAF1, and CAF2. While CAF1 expressed mesenchymal biomarkers and ECM proteins, 

CAF2 subtype expressed immediate-early response genes such as JUN, FOS, besides 

ligands and receptors such as Keratinocyte growth factor 7 (FGF7) and, TGF-β receptor 

(Puram et al., 2018). Similar reports on CAFs RNA-sequencing emphasise the concept 

of CAFs’ heterogeneity in other tumours including non-small cell lung cancer 

(Lambrechts et al., 2018), colorectal carcinoma (Li et al., 2017), and breast cancer 

(Bartoschek et al., 2018). However, despite the wide variety between CAFs subtypes 

among distinct cancer types, CAFs were shown to share similar gene signatures and 

molecular functions. In recent work on CAFs RNA-sequencing from three different 

tumours (HNSCC, lung cancer and melanoma), six pan-CAF subtypes were observed 

including normal fibroblasts, proliferative CAF like fibroblasts, myofibroblasts, two 

inflammatory fibroblasts and desmoplastic fibroblasts. CAF phenotypes analysis has 

identified the prognostic utility of signature genes for these CAF subsets, providing new 

insights into how cancers residing in specific tissue types may benefit from CAF subtype 

targeted therapy (Galbo, Zang and Zheng, 2021). 
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α-SMA expression is a widely accepted biomarker for CAF detection, although its 

expression has been observed also in pericytes, endothelial cells in addition to muscle 

fibers (Hinz et al., 2007; Eyden et al., 2009). Moreover, CAFs with no α-SMA expression 

have also been reported (Mellone et al., 2016; Patel et al., 2018). In vitro, CAF culture 

isolation is performed by excluding contamination by other lineages such as epithelial 

cells, endothelial cells, and macrophages; in addition to confirming fibroblasts’ identity 

using a number of biomarkers (Table 1.2). Asporin (Maris et al., 2015) and collagen 11-

α1 (COL11A1) (Galván et al., 2014) were reported as markers that expressed specifically 

with CAFs in vitro in studies on breast tumour and colon adenocarcinoma, respectively; 

nevertheless, further validation is required to assess the clinical significance as a 

prognostic biomarker in tissue. 

 

Table 1.2: Examples of CAFs markers. The table is modified from Gascard and Tlsty 

(2016). 

 

 

CAF subtype heterogeneity was also evident based on the traditional molecular 

biomarker expression. In pancreatic ductal adenocarcinoma, CAF populations have 

been categorised according to α-SMA expression into α-SMAhigh and α-SMAlow. The latter 

population has shown to be more tumour-promoting by producing chemokines and 

cytokines, while the former demonstrated high capability in ECM deposition (Öhlund et 
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al., 2017). Moreover, based on analysing the expression of fibroblast markers including 

αSMA, FAP, FSP1, PDGFRβ, caveolin1 and β1/CD29, Givel et al. (2018) identified four 

subsets of CAFs in ovarian cancer with distinct functional roles. The role of CAFsα-SMA 

was described as enhancing tumour proliferation, immunosuppression, besides 

impeding drug delivery, while CAFsFSP1 and CAFsFAP were linked to tumour metastasis 

and immune evasion (Han, Liu and Yin, 2020). To the best of our knowledge, CAFs have 

not previously been extracted and assessed from OPSCC. We highlight this aspect as a 

gap in the literature that warrants further investigation. Identification of CAFs subtypes 

and their functional role in OPSCC may reveal a target therapeutic approach.  

 

 

1.3.3.4 Clinical significance of CAF detection in tissue 

Although myofibroblasts shared similar features in inflammation/repair and tumours, 

there is a crucial difference in the established reactive stroma. In the former, the 

functional role of myofibroblasts is constitutively activated and then terminated when the 

tissue has repaired, either by a reversion to a normal phenotype or undergoing apoptosis 

(Desmouliere et al., 1995; Shiga et al., 2015). However, CAFs in tumour stroma undergo 

irreversible activation via signalling pathways mediated by many tumour-derived factors 

and autocrine loops (Augsten, 2014; Costa, Scholer-Dahirel and Mechta-Grigoriou, 

2014); therefore, the tumour stroma fails to abate the fibrotic response, which leads to 

further matrix deposition and disorganisation and tissue desmoplasia. The abundance of 

CAFs in tumours is described to be strongly associated with a worse prognosis in distinct 

tumour types (Galbo, Zang and Zheng, 2021). In desmoplastic tumours such as breast 

and pancreatic cancers, CAFs form up to 80% of the tumour mass; conversely, a low 

percentage has been found in kidney and brain tumours (Öhlund, Elyada and Tuveson, 

2014; Gascard and Tlsty, 2016). CAFs were observed in approximately 60% of OSCC 

(Kellermann et al., 2008). Tumours with a high percentage of CAFs (>50%) within the 

stroma are correlated with poor survival (Gascard and Tlsty, 2016). That is thought to be 

attributed to the generated mechanical forces which in turn activate further CAFs’ 

precursors. Moreover, the dense desmoplastic tumour creates hypoxia within the tissue 

that has its drawback effects on treatment response, and angiogenesis promotion 

(Semenza, 2000; Jain, Martin and Stylianopoulos, 2014). 

 

In OSCC, Kellermann et al. (2007) reported the first evidence for the importance of 

myofibroblasts’ presence as a prognostic factor in OSCC patients’ mortality. Among 72 

samples of invasive tumour front in tongue SCC, 71% showed a high abundance of 
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myofibroblasts. This high proportion also demonstrated a significant correlation with 

lymph node stage and shorter overall survival. The same correlation also was reported 

in a larger OSCC cohort study by Marsh et al. (2011) where ɑ-SMA IHC expression 

demonstrated the highest hazard ratio (HR) = 3.06 (95% CI 1.65–5.66) among the other 

significant prognostic features (surgical margins, metastatic disease, and pattern of 

invasion). In a recent meta-analysis that investigated CAF expression in OSCC tissue, 

high levels of CAF revealed a strong correlation with poor prognosis, disease-specific 

survival (DFS) HR = 3.32 (95% CI: 2.09‐5.26, p < .00001) and overall survival (OS) (HR: 

2.16, 95% CI: 1.60‐2.92, p < .00001) (Dourado et al., 2018). Furthermore, in the majority 

of included studies in the previously mentioned meta-analysis, high CAF detection was 

associated with advanced clinical parameters such as advanced disease stage, high 

tumour grade, recurrence, and extranodal metastatic spread. However, there is no 

consistency among the reports in defining the CAF detection threshold in the tissue; 

while the majority look for the amount/percentage of CAF within the stroma (Kellermann 

et al., 2007, 2008; Marsh et al., 2011), others consider the α-SMA intensity as another 

significant criterion in the scoring scheme (Oguejiofor, 2016). 

 

In OPSCC, the presence of CAFs and their clinical significance has not been investigated 

thoroughly. It is thought that CAF distribution in HNSCC is correlated with the anatomical 

sites; while tumours localised to palatine tonsils present more often with ɑ-SMA positive-

CAFs, on the other hand, oral cavity, pharyngeal wall, and soft palate are more likely to 

demonstrate ɑ-SMA-negative CAFs (Valach et al., 2012). Concerning HPV-positive 

OPSCC, CAFs were reported as being a common feature associated with HPV-driven 

tumours (Rahrotaban et al., 2019). The limited available data on CAFs’ clinical 

significance in OPSCC tissue revealed no correlation with overall survival (Oguejiofor, 

2016). However, reports from our lab demonstrated a difference in normal fibroblasts’ 

early response to conditioned media from HPV-negative OPSCC cell lines, but not from 

HPV-positive cell lines (Bolt et al., 2018; Peacock et al., 2018; Al-Sahaf et al., 2019), 

which may indicate a difference in stroma reactivity in OPSCC subtypes. From the 

above, ɑ-SMA positive-CAFs’ abundance among OPSCC subtypes is an interesting area 

within the literature that requires further investigations in terms of its relation to the 

survival, nature of the behaviour, and anatomical site. These findings might suggest ɑ-

SMA biomarker as an independent effective predictor for OPSCC mortality.  
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1.3.4 Senescent CAFs  

Senescence is another feature of CAFs within the solid tumour stroma. Senescent CAFs 

characteristically demonstrate the status of proliferation arrest associated with the active 

production of a plethora of pro-inflammatory mediators including cytokines, chemokines, 

in addition to metabolites, growth factors and other factors. Collectively, active CAFs 

secretome called the senescence-associated secretory phenotype (SASP), is known for 

its established role in creating a permissive TME that supports tumour cells’ proliferation 

and spread (Coppé et al., 2008, 2010).  

The senescent CAFs phenotype is developed as a consequence of persistent DNA 

damage that might be caused by internal insults including oxidative stress (Campisi and 

Fagagna, 2007), or external inducers such as cigarette smoke, irradiation, and 

chemotherapy (e.g., Cisplatin) (Coppé et al., 2008). CXCL1 also demonstrated the ability 

to induce senescence in normal oral fibroblasts through an autocrine mechanism (Kim 

et al., 2018). The senescent CAFs phenotype exhibits several changes in gene 

expression, the majority of which are related to permanent growth arrest (p53/p21 or/and 

p16/pRb pathways). It is also characterised by the secretion of more active secretome 

(SASP) (Campisi and Fagagna 2007; Hassona et al. 2013; Laberge et al., 2015) that 

generates pro-inflammatory and pro-metastatic factors, providing supportive media for 

further tumour progression (Kabir et al., 2016; Prime et al. 2017). Mellone et al. (2012) 

have introduced a successful in vitro induction model of oral fibroblast senescence, 

which has been performed by exposing the fibroblasts to DNA damaging agents (H2O2 

and Cisplatin). The senescent fibroblasts conditioned media analysis demonstrated 

more active SASP compared to the control, besides the ability to promote cancer cells 

proliferation and invasion.  

To date, the molecular mechanisms underlying SASP generation remain poorly 

understood. The role of COX-2/miRNA-335/PTEN signalling cascade has been 

demonstrated from our lab as a novel modulator for the inflammasome in senescent 

fibroblasts in HNSCC (Kabir et al., 2016); moreover, in senescent skin fibroblasts 

miRNA-146a/b has been demonstrated as a supportive factor in excessive IL-6 and IL-

8 secretion via IL-1α depending on the manner of skin fibroblasts senescence (Bhaumik 

et al., 2009). The senescence-associated β-galactosidase (SA-βgal) is the most specific 

senescent cell marker (Dimri et al., 1995). It is thought to be derived from lysosomal 

biogenesis, a mechanism which frequently occurs in senescent cells (Lee et al., 2006); 

however, SA-βgal expression could be induced by cellular stress in prolonged 
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confluence culture (Campisi and Fagagna, 2007). Lack of DNA replication markers 

including proliferating cell nuclear antigen (PCNA) and Ki-67 are suggested as other 

senescence markers; nevertheless, they cannot distinguish between quiescent and 

senescent cells (Campisi and Fagagna, 2007). p16 expression is utilised by some 

authors to identify the senescent cells as it is considered an important regulator in this 

process (Krishnamurthy et al., 2004). It is worth mentioning here that not all senescent 

cells engage the p16-pRb pathway, and the possibility of other pathways has been 

suggested (Shelton et al., 1999; Olsen et al., 2002), which might explain the lack of p16 

expression in some senescent cells (Beausejour et al., 2003).  

The clinical significance of senescent CAFs is presented in high inflammatory secretome 

(SASP) that has been implicated in transcriptional regulatory mechanisms (Krtolica, 

Parrinello, Lockett, P. Y. Desprez, et al., 2001). Although there is an overlap between 

the senescent CAF and myofibroblastic CAF secretome, as represented in a high 

amount of IL-6 production (Mellone et al., 2016), the non-proliferative status of senescent 

CAFs suggests less effect in developing desmoplastic tumours (Parrinello et al., 2005). 

The exact identity of myofibroblastic CAFs and senescent CAFs phenotypes is 

controversial; while some authors consider them as stages in a unified pathway, as they 

share common functions and are mediated by similar signalling pathways (Prime et al., 

2017), there is another view which considers CAFs as a “dynamic state” in the fibroblast 

lifecycle that is present in the tumour vicinity and promotes its progression (Madar, 

Goldstein and Rotter, 2013). To date, the biological behaviour of these phenotypes and 

their impacts on OPSCC have not yet been investigated.  
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1.4 Osteopontin (OPN)  

OPN is a phosphorylated glycoprotein that was first identified in 1979 as a secreted 

phosphoprotein in mamillary transformed cell lines (Senger, Wirth and Hynes, 1979). In 

1985, OPN was detected in osteoblasts (Franzen and Heinegard, 1985). Osteopontin is 

a combined word of “osteo = bone” and “pontin = binding”, which typically describes its 

function in linking bone cells to the bone extracellular matrix. OPN is also known as Bone 

Sialoprotein 1 (BSP1) and Early T-lymphocyte Activation 1 (ETA1) protein. At present, 

OPN has been included as a member of the Small Integrin-Binding Ligand N-linked 

Glycoprotein (SIBLING) family, as they share several structural and functional properties 

(Fisher et al., 2001). OPN is predominantly expressed in osteoclasts, osteoblasts, in 

addition to its expression in skeletal smooth muscle cells, neural cells, endothelial cells 

and immune cells. OPN was established as a protumorigenic and premetastatic factor in 

malignant cells in various cancer types including oral cancer, breast cancer, kidney 

cancer, pulmonary cancer, colon cancer and hepatic carcinoma (Senger, Wirth and 

Hynes, 1979; O’Brien et al., 1994; Malyankar et al., 1997; Abdel-Hafiz et al., 2018; Assidi 

et al., 2019; Maleš et al., 2021).  

OPN is a pleiotropic factor that involves several physiologic and pathologic processes 

such as bone remodelling, wound healing, immunity regulation, and cancer progression. 

The multifunctionality of OPN is attributed to the presence of different isoforms and 

variants that undergo further posttranslational modifications such as phosphorylation, 

sulfation, glycosylation, and proteolytic cleavage (Qin, Baba, and Butler, 2004). Despite 

OPN’s heterogeneity, it is assessed and reported by the majority as a standard molecule 

(OPN), although a few studies reported a distinction in biological function between OPN 

variants. 

 

1.4.1 The molecular structure of OPN 

OPN is encoded by the human gene secreted phosphoprotein 1 which is located on 

chromosome 4, locus 4q13.22. OPN gene carries seven exons which are responsible 

for OPN isoforms generation (Young et al., 1990). SPP1 gene undergoes alternative 

splicing that results in the formation of five transcript variants encoding five different 

isoforms for OPN protein (Figure 1.7). OPN-a is the full-length isoform of OPN gene that 

is translated to full protein amino acid sequence (314 AA) (Christensen, Petersen and 

Sørensen, 2008). It is considered as the canonical reference sequence for OPN, while 
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the rest of the isoforms, OPN-b and OPN-c, were compared against OPN-a sequence; 

however, much is still unknown regarding OPN-d and OPN-e isoforms and whether they 

are translated to protein or not (Moorman et al., 2020). OPN isoforms all share the feature 

of being secreted forms of OPN (sOPN) that are produced and delivered extracellularly 

(Castello et al., 2017) (Table 1.3). According to the limited available reports, sOPN 

isoforms appear to be tumour specific with different biological effects. OPN-a is highly 

expressed in pulmonary tumours and papillary thyroid carcinoma and acts as a bone 

metastatic factor and invasion modulator, respectively (Ferreira et al., 2016; Hao et al., 

2017). OPN-c was detected in prostate tumour and its expression was correlated with 

the degrees of cell transformation from benign to an invasive tumour (Tilli et al., 2012). 

In breast tumours, OPN-c overexpression was correlated with tumour grade and worse 

outcome, suggesting a prognostic role for OPN biomarker (Mirza et al., 2008), while in 

ovarian cancer it gained further clinical significance through its association with platinum-

resistant therapy that suggested OPN as a prognostic and predictive tool in ovarian 

cancer (Dion et al., 2020).  

 

 

Figure 1.7: Human OPN gene and OPN isoform transcripts. SPP1 locus (red rectangle) on 

chromosome 4. SPP1 genes have seven exons that encode three alternative spliced isoforms, 

OPN-a. OPN-b and OPN-c. The illustration was created using PowerPoint software, adapted from 

Lamort et al. (2019). 
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Table 1.3: The molecular structure of sOPN isoforms. 

*sOPN, secreted OPN, AA= Amino acid. 

 

1.4.2 Secreted OPN and Intracellular OPN 

Although OPN has been studied intensively and identified as an extracellular protein, few 

reports have precisely differentiated between the OPN isoforms. Otherwise, unless 

specifically noted, previous studies have been concerned with the sOPN form. The 

intracellular form of OPN (iOPN) was identified initially by Zohar et al. (1997) in rat 

calvarial cells. Years later, Shinohara et al. (2008) described iOPN as an alternative 

translation for OPN mRNA that demonstrated a distinct biological function in dendritic 

cells. iOPN was described as a short non-secreted form of OPN that is lacking the signal 

sequence due to the initiation of OPN mRNA translation from the downstream 

noncanonical start codon. This leads to the missing of the first 16 AAs which acts as a 

membrane localisation signal peptide (Shinohara et al., 2008) (Figure 1.8). Further work 

from the same group indicated that iOPN and sOPN may differentially control the nature 

of immune responses (Inoue and Shinohara, 2011). At the cellular level, iOPN is thought 

to be accumulated in the peri-membranous zone, retained inside the nuclear zone, and 

distributed in the cytoplasm, whereas sOPN is localised at the perinuclear zone (Castello 

et al., 2017). Expression of OPN form (sOPN and iOPN) has been shown to depend on 

the cell type, which suggests that cell-type-specific factors might regulate the alternative 

translation of OPN transcript (Cantor and Shinohara, 2009). 
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Figure 1.8: OPN mRNA translation. OPN mRNA has two translation sites: the canonical AUG 

translation initiation site (left) and an alternative translation initiation site (right). Translation from 

the canonical initiation site results in the formation of the full length of OPN peptides (sOPN), 

including a signal sequence that is targeted to secretory vesicles. Translation from the alternative 

initiation site leads to a short peptide (iOPN) that lacks a signal sequence and accumulates 

intracellularly. The illustration was created using PowerPoint software, adapted from Cantor and 

Shinohara (2009). 

The differences between iOPN and sOPN were described in a few reports concerning 

the biological effects of OPN on immunity. Innate immune cells such as dendritic cells 

and macrophages appeared to have more iOPN stored in the cytoplasm than the 

produced OPN (sOPN), while the lymphocytes produced a higher proportion of sOPN 

compared by iOPN (more than 50-fold) (Shinohara et al., 2008). Immune cells-derived 

sOPN has shown to be implicated in adaptive immunity by promoting immune cell 

proliferation, migration, and cytokine production (Clemente et al., 2016), whereas iOPN 

acts as an adaptor molecule in signalling pathways downstream of innate immune 

receptors (Inoue and Shinohara, 2011), in addition to its crucial role in the natural killer 

cells (NK) expansion and survival (Leavenworth et al., 2015). These observations 

suggested different functional roles for iOPN and sOPN in the innate and adaptive 

responses, respectively (Cantor and Shinohara, 2009).  
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1.4.3 Expression regulatory factors and signal mediators 

OPN expression is regulated by several transcription factors such as Myb proto-

oncogene protein (c-Myb) (Schultz et al., 2009) and Erythroblast transformation-specific -

related gene (ERG) (Flajollet et al., 2011).  Moreover, a number of potential regulatory 

sequences have been described in SPP1 promoter such as vitamin-D-responsive 

(VDR)-like motifs (nucleotides −1892 to −1878 and −698 to −684), and an Ets-1 motif 

(nucleotides −47 to −39) (Safran, Butler and Farach-Carson, 1998; Tang et al., 2008). 

Mechanical stress and inflammatory mediators such as TNFα, IL-6, TGFβ and IL-17a 

also were reported as an inducer for OPN (Liu et al., 2015). 

CD44 and integrin receptors are the binding partners of OPN. CD44 is a surface 

glycoprotein expressed in a wide variety of cells including malignant epithelial cells and 

CAFs (Kinugasa, Matsui and Takakura, 2014; Ludwig et al., 2019). OPN/CD44 

interaction mediates cell-matrix or cell-cell interactions. It plays functional activities in the 

regulation of invasion, angiogenesis, and metastasis (Senbanjo and Chellaiah, 2017), in 

addition to cellular adhesion, lymphocyte activation, chemotaxis of macrophages 

(Schimizu et al., 1989; Zhu et al., 2004). Three integrin-binding domains were identified 

for OPN isoforms: RGD domain, OPN-R domain, and N-terminal thrombin cleavage 

fragment (Wai and Kuo, 2008). Each domain is associated with specific integrin isoforms 

as illustrated in Figure 1.9 OPN/integrin interaction contributes to the activation of several 

signal transduction pathways such as STAT-3, ERK1/2, PI3K/Akt/mTOR and NF-κB that 

are involved in immune cell regulation, cell adhesion, tumour metastasis and survival 

(Behera et al., 2010; Zou et al., 2013; Zhang et al., 2014). 

 



34 

 

 

Figure 1.9: Human OPN protein. A translated full-length OPN isoform (OPN-a). The receptor-

interacting domains are illustrated in red. The respective receptors are illustrated in blue. The 

illustration was created using PowerPoint, adapted, and modified from Mooreman et al. (2020). 

 

1.4.4 OPN in Cancer  

As has been mentioned above, OPN overexpression has been detected in several 

tumour types. Its expression has been linked to the aggressiveness of the tumour and 

worse clinical outcomes and that might be attributed to its active participation in several 

oncogenic pathways such as PI3K/Akt/mTOR and JAK2/STAT3 signalling pathways 

(Guertin and Sabatini, 2007; Behera et al., 2010). In HNSCC, OPN overexpression was 

linked to tumour progression, metastasis, and cancer therapy resistance (cetuximab and 

cisplatin) (Luo et al., 2015; Liu et al., 2020). Compelling evidence indicated that high 

OPN plasma level is correlated positively with neck lymph nodes (Maleš et al., 2021). 

Comparisons between metastatic nasopharyngeal carcinoma and its non-metastasised 

counterpart showed a discrepancy in plasma OPN level, the level being higher in the 

former (Hui et al., 2008); moreover, a high OPN level was associated with lymph node 

metastasis (Celetti et al., 2005; Wong et al., 2005). In laryngeal squamous cell 

carcinoma, OPN demonstrated a pro-invasive effect in vitro and its expression was 

correlated with the lymph nodes’ involvement and low survival (Celetti et al., 2005). In 

OSCC, overexpression of OPN in tissue and body fluids was associated with advanced 
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tumour stage, high lymph nodes status, therapy resistance and development of 

recurrence (Table 1.4). Based on this evidence, OPN was suggested as a prognostic 

and predictive biomarker in OSCC. Notably, these observations were built on OPN 

overexpression in tumour cells only within the tissue, however, the Avirović et al. (2013) 

study revealed a difference in the clinical significance of OPN expression in cancer cells 

and tumour stroma; only high tumour-OPN IHC expression was correlated positively with 

advanced clinical parameters and outcome, while that was not evident with stroma-OPN 

expression. The study finding suggests that tumour-derived OPN may have a different 

function compared with stromal OPN and probably only the tumour derivation has 

independent prognostic value in OSCC (Avirović et al., 2013).  

In OPSCC, the clinical significance of OPN expression has not been assessed until now. 

Small numbers of OPSCC patients have been included in a few studies investigating 

OPN’s effect in HNSCC (Overgaard et al., 2005; Maleš et al., 2021). Meanwhile, OPN 

assessment in OPSCC tissues requires a comprehensive evaluation for OPN expression 

in tumour cells and stroma independently, owing to the pro-inflammatory nature of OPN.  
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Table 1.4: Main features and findings of studies investigating OPN expression in OSCC. 
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*FFPE= formalin-fixed paraffin-embedded. IHC= immunohistochemistry. ELISA= Enzyme linked immunoassay. 

(Luo et al., 

2015) 
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1.4.4.1 Effect of tumour-derived OPN on TME  

Tumour-derived OPN has a supportive role for tumour cells by contributing to 

establishing an active microenvironment and promoting metastasis. Tumour-derived 

OPN has shown the ability to underpin CAFs’ presence in TME and to do that by 

reprogramming normal resident fibroblasts as reported in breast cancer. OPN-derived 

CAFs demonstrated mimics of molecular and functional profiles similar to the 

myofibroblastic CAF phenotype (Sharon et al., 2015; Prasanna et al., 2021). 

Mesenchymal stem cells are considered one of the alternative sources of CAFs in TME. 

Tumour-derived OPN was described as a mediator for mesenchymal stem cells’ 

transformation into CAFs in breast cancer. This process was demonstrated by OPN-

integrin interaction, which in turn activated the transcription factor myeloid-zinc finger 1 

(MZF1). The latter has been found to have a promoting effect on TGF-β1 production 

(Weber et al., 2015). Inhibition of OPN-integrin binding using aptamer abolished the 

MSC-CAF transformation process (Weber et al., 2015).  

Further evidence for the supportive role of OPN in metastasis is presented in the ability 

of the systemic sOPN to instigate indolent disseminated tumour cells to form a 

premetastatic niche. This function was supported by the ability of sOPN to activate and 

mobilise bone marrow-derived cells into distant metastatic cells, which subsequently 

results in the outgrowth of the distant metastases (McAllister et al., 2008). The growing 

evidence supports the hypothesis that tumour-derived sOPN and iOPN have a 

complementary role in the tumour metastasis process. sOPN promotes EMT in the 

primary non-invasive tumour to establish early metastatic dissemination (Thiery, 2002; 

Thiery et al., 2009). On the other hand, iOPN function appeared at later stages of 

metastasis by inducing MET in the disseminated cancer cells to facilitate metastatic 

colonisation (Zohar et al., 2000; Junaid et al., 2007; Jia et al., 2016). 

OPN enhances tumour progression through the recruitment of macrophages and 

suppression of T cell response. Tumour-derived OPN showed the ability to attract 

macrophages to a tumour site by promoting chemotaxis. The presence of a high number 

of tumour-associated macrophages was linked to tumour stage and poor disease 

outcome (Qian and Pollard, 2010). The functional role of the macrophage in TME was 

implicated in tumour formation and progression (Liguori et al., 2011; Shih et al., 2014); 

moreover, OPN had an immunosuppressive influence on macrophages by inducing M2 

polarisation and regulating Programmed death-ligand 1 (PD-L1) expression, which 

further contributes to cancer immunosuppression. OPN also appears to act as an 
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immune checkpoint that inhibits T cell activity in the tumour environment (Klement et al., 

2018).  

1.4.4.2 Effect of stromal-derived OPN on tumour cells 

OPN was also detected in cells within TME with a distinct biological effect on tumour 

cells.  iOPN expression in NK cells demonstrated anti-tumour function through its ability 

in NK activation and inhibition of apoptosis. This process maintains NK activity by 

reaching the full maturation and lytic function. This observation was evident in vivo using 

Rag−/− γC−/− mice co-injected with melanoma cells and NK cells expressing iOPN only. 

Compared with the control that had been co-injected with tumour cells and NK lacking 

iOPN, the former had a significant increase in NK number and less metastatic 

dissemination (Leavenworth et al., 2015). In keeping with this report, Danzaki et al. 

(2016) described the functional role of stromal-derived OPN in enhancing NK 

infiltration in vivo using a transgenic adenocarcinoma of mouse prostate model. 

However, antitumorigenic functions of OPN appeared to give a tumour-specific 

response. Using B16 melanoma tumours, OPN did not show OPN-mediated cell 

recruitment (Danzaki et al., 2016).  

To the contrary, OPN produced by senescent fibroblasts showed tumour-supportive 

effects. Accumulating evidence in the literature supports the fact that senescent 

fibroblasts have an important role in tumour development/formation in ageing tissues 

(Krtolica, Parrinello, Lockett, P. Desprez, et al., 2001; Krtolica and Campisi, 2002). OPN 

driven by senescent fibroblasts has been shown as a necessary factor of preneoplastic 

cell growth in vitro and in vivo. Targeting OPN also blocked the senescent fibroblasts’ 

ability to promote keratinocytes’ growth (Pazolli et al., 2009).  

From the above, the functional effects of OPN indicate its importance as a mediator in 

tumour-stroma interaction. Tumour-derived or stromal-derived OPN was reported with a 

supportive function in tumour cells’ progression and metastasis. However, some 

evidence revealed a suppressive role of OPN tumour progression; particularly, an in vivo 

model for SCC in OPN-deficient mice showed development in tumour growth and higher 

metastatic dissemination (Crawford, Matrisian and Liaw, 1998). Moreover, OPN deficient 

macrophages displayed improper anti-tumour activity (Bourassa, Monaghan and Rittling, 

2004) which indicates OPN either inhibits or promotes leukocyte functions. This may 

indicate a presence of balance between the OPN effect on the tumour that determines 

whether the overall effect of the immune response will be tumour promoting or tumour 

inhibiting (Terabe and Berzofsky, 2007). 
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1.5 Hypothesis and aims 

 

Hypothesis:  

The poor clinical outcomes of HPV-negative OPSCC are believed to be attributed to the 

activated underlying microenvironment. Tumour microenvironment plays a crucial role in 

tumour growth and behaviour. Previous research from our lab demonstrated a 

remarkable response of normal fibroblast to HPV-negative OPSCC cell lines conditioned 

media, but not with HPV-positive counterpart.  

 

These observations inspire us to test this hypothesis: that the abundance and activity of 

CAFs correlate with poor clinical outcomes in OPSCC owing to their ability to modulate 

cancer cell behaviour, and that will differ between HPV-negative and HPV-positive 

tumours.  

 

Research aim:  

To investigate the presence and clinical significance of CAFs in OPSCC and explore 

novel candidates in tumour-fibroblasts crosstalk. 

 

 

Specific aims: 

• To determine the status of biologically relevant HPV infection in an established 

OPSCC cohort. Explore ɑ-SMA expression in OPSCC subtypes and assess its 

prognostic value. 

 

• To establish in vitro models of myofibroblastic-CAF and senescent-CAF models 

using NTFs, and isolate and characterise OPSCC CAF primary cultures.  

 

• To explore the secretome mediated crosstalk between tonsil derived fibroblasts 

and HPV-positive and HPV-negative OPSCC subtypes and provide further 

investigations on novel candidates identified by cytokine profiling.  
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Chapter 2: Materials and Methods 
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2.1. Cell Culture 

2.1.1 Cell lines 

Two OPSCC HPV negative cell lines (UPCI:SCC 089 and UPCI:SCC 072) and two 

HPV16 positive cell lines (Hypopharynx UD:SCC 2 and UPCI:SCC 090) were kindly 

provided by Dr Suzanne Gollin (University of Pittsburgh) following the university 

guidelines for the material transfer agreement. Table 2.1 summarises the relevant 

information linked to each cell line, as reported in the literature (Virgilio et al., 1996; 

Camille, 2004; Ferris et al., 2005; White et al., 2007; Wald et al., 2011). HPV status of 

the provided cell lines was confirmed by the HPV Cytology Screening Unit (Royal 

Hallamshire Hospital) (Appendix A.1). 

Cell lines are a commonly used tool in the investigation of response to treatment and 

assessment of the drivers of carcinogenesis. However, they do not have the complexity 

of the tissues, thus there is limitation as to how representative they are. When 

considering cell lines as a potential model of HPV- positive OPSCC, there is a necessary 

reliance on cell lines that are indeed reported to be HPV-positive, yet they do not 

necessarily derive from the same anatomical subsite of the head and neck. The majority 

of in vitro studies on HPV-positive HNSCC cell lines use a limited number of established 

cell lines that are commercially available (Greaney-Davies et al., 2020). These cell lines 

have disparate aetiologies: they have been isolated from both oral and oropharyngeal 

anatomical subsites and from individuals with a history of cigarette and alcohol use, yet 

they still represent the most readily available model for the study of HPV-positive HNC, 

OP or otherwise. Complexity of experiments in this thesis leads to the decision to use 

one cell line from each entities, but then to validate in another pair of HPV-positive and 

HPV-negative cells lines. Conclusions based solely on a single cell culture of each type 

are preliminary, unless were validated using other cell lines. 

 

 

 

 

 
 

 

 



45 

 

Table 2.1: Summary of used cell lines relevant information. 

Cell line Nature P53 

status 

11q13 Age Gender Smoker Drinker 

UPCI:SCC 089 New 

primary 

- Amplified 58 M Y Y 

UPCI:SCC 072 New 

primary 

Mut 

179 

Amplified 61 F y y 

UPCI:SCC090 Recurrence Wild 

type 

Not 46 M Y Y 

UD-SCC2 - Wild 

type 

Not - M Y Y 

 

Cells were cultured using basal media consisting of Dulbecco's modified Eagle's media 

(DMEM) (Gibco, Life Technology), supplemented with 10% Foetal bovine serum (FBS) 

(Sigma-Aldrich, UK) owing to its high content of embryonic growth promoting factors 

which support cells growth. 2mM L-Glutamine also was added as an alternative energy 

source for rapidly dividing cells. 50 IU/50 µg ml-1 Penicillin-Streptomycin (Sigma-Aldrich, 

UK) also was added to control bacterial contamination. Cells were maintained in the 

incubator with 5–7% CO2 - the recommended CO2 tension concentration to obtain the 

appropriate pH level of the media.  

2.1.2 Normal tonsillar fibroblasts  

Human primary normal tonsillar fibroblasts (NTF322, NTF6 and NTF10) were provided 

by Dr Helen Colley, University of Sheffield (IRAS number 09/H1308/66). Table 2.2 

summarised the relevant information. Cells were cultured using the same mentioned cell 

lines’ growth media unless otherwise stated when the serum is omitted from the growth 

media recipe, to obtain a precise evaluation of cellular function and more consistent 

performance.  
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Table 2.2: Summary of clinical information related to normal tonsil fibroblasts. 

 

 

 

 

 

2.1.3 Tonsillar cancer-associated fibroblasts  

Human primary tonsillar cancer-associated fibroblasts (CAF1 and CAF2) were isolated 

from biopsies taken during a tonsillectomy surgical procedure, (as part of initial cancer 

treatment), at the Royal Hallamshire Hospital, Sheffield Teaching Hospitals NHS 

Foundation Trust with informed consent: IRAS 13/NS/0120. Both CAF1 and CAF2 were 

isolated from HPV-positive tumours. Table 2.3 summaries the available relevant 

information. 

 

Table 2.3: Summary of clinical information of tumour from which cancer 

fibroblasts were isolated. 

Primary culture Gender Age (Y) Site  Stage p16-status 

CAF1 Male 61 L. Tonsil T2N1 Positive 

CAF2 Male 80 R. Tonsil T2 N3b Positive 

 

2.1.3.1 CAF isolation: 

We followed a common method in cell isolation from primary tissue utilising the 

enzymatic disaggregation effect of collagenase. Fragments of human tonsil tissue were 

received in transport media (DMEM supplemented with 100 IU/ml penicillin, 100 μg/ml 

Primary culture Gender Age (Y) Site 

NTF6 Female 29 Tonsil 

NTF10 Female 19 Tonsil 

NTF322 Female 21 Tonsil 
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streptomycin and 0.625 μg/ml amphotericin B). CAFs were isolated from the tissue by 

fine mincing of the tissue in a 9 cm dish in the transport media, then all the tissue pieces 

were transferred to a 15 ml falcon tube and centrifuged at 1400 rpm for 10 mins. The 

supernatant was pipetted carefully, and tissue resuspended in growth media followed by 

spinning at 1400 rpm for 10 mins. The supernatant was then discarded, and the 

precipitated tissue was washed with PBS followed by a further spin and elimination of 

the supernatant. 3 ml of 0.5% (w/v) collagenase (Sigma Aldrich, UK) was added to the 

precipitated tissue in a 15 ml falcon tube and incubated overnight at 37°C. The next day, 

the tube was centrifuged at 1400 rpm for 10 mins, and the supernatant was pipetted 

carefully, while the precipitated tissue was resuspended in growth media. The mixture 

was transferred to a T25cm2 flask and incubated for 7 days at 37°C in a humidified 

incubator with 5% CO2 and the media was replaced carefully every 2 days. Seeding 

stock and working stock were generated (section 2.1.5). Cells were expanded as needed 

(section 2.1.6).  

2.1.4 Routine maintenance of cells 

OPSCC cancer cell lines’ working passages were up to 15 passages starting from the 

earliest available passage. Primary tonsillar fibroblasts were cultured up to passage 7. 

Growth media change was undertaken every 2 days for OPSCC cell lines and every 5 

days for primary tonsillar fibroblast cultures. Cells were cultured in T75cm2 flasks up to 

approximately 70% confluence. At this time point, cells were still actively dividing (Log 

phase). Late log phase is the appropriate time to passage cells, before reaching Plateau 

(Stationary) Phase, where cell growth slows down due to overcrowding and cellular 

stress (Figure 2.1). 
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Figure 2.1: Growth phases of cultured cells.  The semi-logarithmic plot shows the cell 

density versus the time spent in culture.  Lag phase, the first phase of growth after cell 

accommodation in the new culture. The log phase, the period when the cells proliferate 

exponentially and consume the nutrients in the growth medium. Stationary phase, the 

stage where cells’ proliferation is greatly reduced or ceases entirely. Decline phase, a 

reduction in the number of viable cells death as a natural progression of the cellular cycle. 

The late Lag phase is the ideal sub-culturing time. 

 

To detach the adherent cells from the flask/plate for the sub-culturing step, (TE) Trypsin/ 

Ethylenediaminetetraacetic acid (EDTA) (Sigma-Aldrich, UK) was used.  Cells were 

washed twice with PBS and incubated with 3 ml of TE for 5 minutes at 37ºC. TE was 

then neutralized using 10% v/v serum-containing media followed by centrifuging at 1000 

rpm for 5 minutes. The supernatant was discarded, and the cell pellet was re-suspended 

in growth media and seeded at the desired concentration.  

  

Mycoplasma test was performed routinely by the Core facility service using Mycoplasma 

Detection Kit (Cat. No. 13100-01, Southern biotech). The kit incorporates polymerase 

chain reaction (PCR) to amplify the conserved 16S ribosomal RNA coding region within 

the Mycoplasma genome. 

 

 

 

Lag phase 

Log phase 
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2.1.5 Cell freezing  

A cryoprotectant is added to the freezing medium to avoid the risk of ice crystal formation 

which can cause cellular damage during the freezing process. Dimethyl sulphoxide 

(DMSO) was selected for the best osmotic features upon the cell suspension thawing. 

For stock preparation, cells were resuspended in 100% FBS and placed in well-labelled 

cryotubes (Greiner Bio-one, UK) at density 1 x106 cells for cell lines and 15 x104 cells for 

fibroblasts in 1 ml FBS. 10% DMSO diluted in FBS (Sigma-Aldrich, UK) was added to 

the cryotubes then placed in a cryo-cooler (Mr Frosty) filled with isopropanol to allow 

slow freezing of the cells. The cryo-cooler was stored immediately at - 80ºC for 24 h, 

then cryotubes were moved into liquid nitrogen for longer storage. 

 

2.1.6 Cell resurrection  

After retrieving the cryotube from the liquid nitrogen, it was thawed by hand for a few 

minutes. Cell suspension was added to 10 ml of pre-warmed media in a 15 ml falcon 

tube then centrifuged at 1000 rpm for 5 minutes. The supernatant was discarded, and 

the cell pellet was re-suspended in 10 ml of growth media and seeded in a T75 cm2 flask 

at the required concentration. The flask kept at 37ºC in a humidified incubator with 5% 

CO2. The next day, cells were checked and incubated with fresh growth media. 

 

2.1.7 Counting Cells 

The haemocytometer and cover-slip (Baxter Scientific) were cleaned with alcohol and 

left to dry at RT. 10 µl of 0.4% trypan blue dye (Life Technologies, UK) was added to 10 

µl cell suspension and mixed by pipetting up and down. Trypan Blue dye was added to 

identify the percentage of viable cells present in the cell suspension. The mixture was 

incubated for not more than 1 min at room temperature (RT), to avoid false-positive 

results in counting of non-vital cells. The coverslip was fixed in position on the 

haemocytometer, and 10 µl of the trypan blue/cell mixture was pipetted at the slide notch. 

Cell counting was undertaken using an inverted microscope at 10X objective (Figure 

2.2). 
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Figure 2.2: Haemocytometer slide. 

Cells were counted (blue-stained and unstained cells) in all large squares at the corners 

of the haemocytometer and the average was obtained by dividing the total cells number 

by 4.  Final cell count estimation = the average X suspension dilution factor X 104. 

The proportion of viable cells was determined by dividing the number of unstained cells 

by the number of total cells then multiplying by 100. Culture viability of more than 90% is 

considered appropriate to continue the culturing work. 

 

2.1.8 Fibroblast stimulation using rh-TGF-β1 

To characterise the response of NTFs to TGF-β1 stimulation and establish active 

myofibroblastic phenotype, cells were incubated with rh-TGF-β1, the master cytokine in 

fibroblast differentiation and the activation of cancer stroma (Postlethwaite et al., 1987; 

Caja et al., 2018).  

The activation protocol is based on previous work from our lab on oral fibroblasts (Melling 

et al., 2018). NTF322, NTF10, and NTF6, cells were incubated with TGF-β1 (R&D 

Systems, USA) at 24 h or 48 h or 72 h, at a concentration of 5 ng/ml. Cells were plated 

into 6-well plate (Greiner Bio-one, UK) at a density of 1.5 x 105   per well with 2 ml of 

growth media and incubated overnight at 37°C in a humidified incubator with 5% CO2. 

The next day, the media was aspirated, and cells were washed with PBS x2 and serum-

starved overnight using DMEM serum-free media. On the third day, 1 ml of DMEM 

serum-free medium containing 5 ng/ml rh-TGF-β1 was added to each well. The 

experimental control wells were incubated with 1 ml serum-free medium. Plates were 

incubated for 24 h, 48 h or 72 h in a humidified incubator. At the end of the experiment, 

cells were pelleted for downstream RNA/protein analysis and the media was aspirated, 
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centrifuged, and the supernatant was stored at -20°C. The experiment was performed in 

three biological repeats. 

 

2.1.9 Tonsillar fibroblast stimulation using rh-OPN 

To explore the correlation between OPN and IL6 expression in OPSCC tumour cells/ 

fibroblasts crosstalk, NTF322, NTF10 and CAF2 were incubated with 180 ng/ml rh-OPN 

(R&D Systems, USA) for 48 h then IL-6 expression/production was assessed. The 

activation protocol is based on previous work (Bramwell et al., 2006; Weber et al., 2015). 

Fibroblasts were cultured in a T75 cm2 flask in growth media up to 70% confluence. Cells 

were washed with PBS x3 and serum-starved overnight. On the third day, cells were 

incubated with 10 ml of serum-free medium containing 180 ng/ml of rh-OPN for 48h at 

37°C in a humidified incubator with 5% CO2. The experimental control was incubated 

with 10 ml serum-free media only in the same conditions.  At the end of the experiment, 

the media were aspirated, centrifuged, and stored at -20°C for IL-6 ELISA analysis. Cells 

were harvested and counted to normalise ELISA analysis results then cells were 

collected for further IL-6 gene evaluation. The experiment was performed in triplicate. 

 

2.1.10  Collagen gel contraction assay  

Myofibroblastic phenotype is characterised by the capability to form potent actin stress 

fibres through a well-developed contractile apparatus. Collagen gel contraction assay is 

commonly used in the field of mechanobiology to investigate cell-induced contraction of 

extracellular in wound healing and inflammation. We utilised this technique as a 

parameter to quantify the degree of NTF contractility by measuring the reduction in NTF 

gel diameter after TGF-β1 or OPN treatment. 

Following the protocol of the collagen gel contraction kit (Cell Bio-Lab Inc, CBA-201), 

NTFs were harvested and resuspended in growth medium at 2 x 104 cells/ml.  A collagen 

lattice was prepared by mixing 2 parts of cell suspension and 8 parts of cold collagen gel 

working solution. From this mixture, 0.5 mL was pipetted in a well in a 24-well plate and 

incubated for an hour at 37ºC. After collagen polymerization, 1.0 ml of growth medium 

was added on the top of the collagen gel lattice and the plate incubated for 24 h at 37ºC 

in a humidified incubator with 5% CO2. The next day, the cells were serum-starved for a 
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further 24 h, then were treated with 5 ng/ml TGF-β1 or 180 ng/ml OPN before releasing 

the stressed gel matrix from the plate using a sterile spatula. The gels were then 

incubated for 72 h in the TGF-β1 stimulation experiment or 48 h in the OPN stimulation 

experiment. Photographs of the gel disc were taken at 24 h, 48 h and 72 h. The 

contractility of the gels was then calculated by measuring the distance between the 

collage disc border and the plate well using ImageJ. The experiment was performed in 

triplicate. 

2.1.11 Fibroblast senescence induction 

Senescence typically occurs in response to damaging stimuli, such as DNA damage 

(DNA damage-induced senescence), oxidative stress or replicative exhaustion. Cells 

were treated with Hydrogen peroxide (H2O2) which provokes oxidative stress-induced 

premature senescence. This experimental protocol is based on previous similar work on 

oral fibroblasts (Kabir et al., 2016) using the optimal dose of H2O2 (500 µM) that caused 

a gradual reduction in the rate of cell proliferation overtime points with minimum 

cytotoxicity.  

Early-passage NTF322, NTF6 and NTF10 cells were grown in 75cm2 flasks up to 70% 

confluence. Cells were then washed with PBS x2 and incubated with 500µM of H2O2 

(Sigma-Aldrich, UK) in serum-free media for 2h at 37°C in a humidified incubator with 

5% CO2. The negative control cells were incubated with serum-free media alone for 2h, 

at the same incubation conditions.  After that, cells were washed with PBS x3 and 

incubated with growth media for 15 days. Cells were split on day 8. At the end of the 

experiment, the media were collected, centrifuged at 3000 rpm for 5 min and stored at -

20°C. Cells were counted and the culture viability percentage was recorded. 4 x 104 cells 

were seeded in a 12-well plate, prepared for Senescence-Associated β-galactosidase 

Assay (SA-β-gal) staining (section 2.1.12). The rest of the suspension was centrifuged, 

and the formed pellet was collected and stored at -80°C for further analysis. The 

experiment was performed in triplicate.  

2.1.12  Senescence-Associated β-galactosidase Staining Assay  

The SA-β-gal assay is a cytochemical assay used for the detection of senescent cells 

based on an increased level of lysosomal β-galactosidase activity. Under normal 

conditions, the lysosomal β-galactosidase activity can be detected at pH4 using the 

chromogenic stain 5-bromo-4-chloro-3-indolyl-β-d-galactopyranoside (X gal). In 
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senescent cells, the lysosomes produce a high level of β-galactosidase that can be 

detected at pH 6 (Kurz et al., 2000).  

SA-β-gal activity was assessed using a Senescence Detection Kit (ab65351; Abcam, 

Cambridge, UK) following the manufacturer's instructions. 40,000 cells were seeded in 

12 well-plates and left to adhere overnight. The next day, cells were washed twice with 

PBS and incubated with 500 µL fixative reagent for 20 min at RT, followed by a wash 

with PBS x2. 500µL of total solution mixture (Table 2.4) was added to each well, then 

the plate was kept overnight in the incubator after wrapping with aluminium foil and 

sealed in a plastic bag to prevent pH changes during the incubation. The next day, SA-

βgal staining was observed at 20X magnification using an inverted microscope 

(Olympus; CKX41). The percentage of stained cells was calculated using ImageJ 1.45s 

software. 

Table 2.4:  SA-β-gal stain recipe per well. 

 

 

2.1.13  Cell growth kinetics of CAFs   

To assess and compare the proliferation rate of the CAFs cultures, CAF1 and CAF2 

were seeded at a density of 5,000 cell/ml in a 6 well-plate with 2ml growth media. At two-

day intervals, cells from one well of the 6 well-plate were detached and counted giving 

the total count/mL of cells. The experiment was repeated 3 times allowing calculation of 

mean and standard deviation. A graph was plotted of cells per ml at each time point, 

namely 1, 2, 3, 4, 5, and 6 days. The experiment was performed in triplicate.  

 

2.1.14  Cancer cell line induction with IL-6 

To test the ability of IL-6 to induce OPN production in OPSCC cells, the OPSCC cell lines 

were incubated with rIL-6 (Catalogue 200-06, Peprotech, UK) for 48h. We started with a 

dose of 15ng/ml rIL-6, as this has been shown to be sufficient for induction in previously 
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reported optimising work on the tumour cells (Chen et al., 2018). SCC89, SCC72 and 

SCC2 were cultured in a T75cm2 flask in growth media up to 70% confluence. Cells were 

washed with PBS x3 and serum-starved overnight. Next day, cells were incubated with 

serum-free media supplemented with 15ng/ml of rh-IL6 (PeproTech, USA. Catalogue 

200-06) for 48h at 37°C in a humidified incubator with 5% CO2. The experimental control 

was incubated with 10 ml serum-free media only in the same conditions. Thp-1 

monocytes were included as a positive control (Uchibori et al., 2017). Thp-1 cells were 

provided kindly by Dr Emilia Barker. At the end of the experiment, the media was 

aspirated, centrifuged, and stored at -20°C for OPN ELISA analysis. Cells were 

harvested and counted to normalise ELISA analysis results then cells were collected for 

further OPN gene evaluation. The experiment was performed in triplicate.  

 

2.1.15  CD44v6 blocking in NTFs 

NTF322 and NTF10 were cultured in T75 cm2 flask with growth media up to ~70% 

confluence. Cells were incubated for 1h with serum-free media supplemented with 

5µg/ml of CD44var (v6) Monoclonal Antibody (VFF-18) supplied by eBioscience™ 

(Catalogue: BMS125). The experimental control was incubated with serum-free media 

only. 6.5 ml of cell lines conditioned media (SCC89, SCC72 and SCC2) (prepared in 

section 2.1.1) was thawed in the water bath and supplemented with 1.5ml of fresh growth 

media. After 1 h of CD44 blocking, rOPN or cell line CM was added to NTFs and 

incubated for 24 h at 37°C in a humidified incubator with CO2. The next day, media were 

collected, centrifuged, and stored at -20°C immediately. Fibroblasts were harvested, 

counted and collected as a pellet for further gene analysis. 

2.2 Protein analysis 

2.2.1 Cytokine analysis 

Cell-cell communication between tumour cells and cells in the microenvironment plays 

an important role in cancer initiation, promotion, and progression (Lorusso and Rüegg, 

2008). CAFs have functional or regulatory roles in HNSCC carcinogenesis and 

malignancy such as metastasis, proliferation, and angiogenesis through the cytokine 

signals facilitating autocrine and paracrine interactions between tumour cells and cells in 

the microenvironment (Orimo and Weinberg, 2006).  
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To understand the nature of this communication in OPSCC and investigate differences 

between HPV positive and HPV negative subtypes, an in vitro co-culture system was 

used in which these cellular interactions in OPSCC can be examined. Different 

approaches to the study of cell-cell communication in co-culture systems have been used 

in the literature depending on the hypothesis of interest (Bogdanowicz and Lu, 2013) 

(Table 2.5). The objectives of this study were to identify secreted cytokines in 

tumour/fibroblast cells crosstalk and explore the source of these secretory cytokines. 

For cytokine screening, we collected fibroblast conditioned media after incubation with 

the relevant OPSCC cell line media for 24 h, then subjected these media to cytokine 

array analysis. To validate the array findings and explore the source of the cytokine 

production, we used an indirect co-culture system (Transwell) taking advantage of cell 

culture separation with a porous membrane which permitted fluid movement between 

the co-cultivated cell populations while they were kept separated. In these experiments, 

all collected media was stored at −20°C in small aliquots to avoid a freeze-thaw cycle. 

Most of the cytokines are stable for up to three freeze-thaw cycles (Thavasu et al., 1992). 
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            Table. 2.5: Comparison between co-culture methods. 

 

2.2.1.1 Collection of cell line conditioned media for fibroblast activation 

HPV negative cell lines (SCC89) and HPV positive cell lines (SCC2) were cultured in 

T75 cm2 flasks using growth media (section 2.1) until ~85% confluency. Cells were 

washed twice in PBS, then incubated for 24h in 7 ml of growth media. The next day, the 

(conditioned) media was collected and centrifuged for 5 minutes at 3,000 rpm. 6.5 ml of 
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the supernatant was aspirated carefully and stored immediately at -20°C. Cells were 

trypsinised and counted to record the number of cells that contributed to each ml of 

conditioned media, 3 ±1 million cell/ml was the target. 

2.2.1.2  Fibroblast stimulation with cell line conditioned media – Passive 

coculture 

NTF322, NTF10, CAF1 or CAF2 cells were cultured in T75 cm2 flasks with growth media 

up to ~70% confluence (as fibroblasts will be incubated for a further 48 h, enough space 

is required between cells to avoid cellular stress). Conditioned media (section 2.1.1) from 

the HPV negative cell line (SCC89) and HPV positive cell line (SCC2) were thawed in 

the water bath. Fibroblasts were washed three times with PBS, then 6.5 ml of HPV 

positive or HPV negative cell line conditioned media was added to fibroblasts and 

incubated for 24 h at 37°C in a humidified incubator with CO2. The experimental control 

cells were incubated with fresh growth media and incubated at the same condition. The 

next day, media were collected (Media1), centrifuged, and immediately stored at -20°C. 

Fibroblasts were washed with PBS x3 and incubated with 6.5 ml of fresh serum-free 

media for a further 24 h. After that, media were collected (Media2), centrifuged, and 

stored at -20°C immediately. Fibroblasts were harvested and counted to allow for 

normalisation of the ELISA results (Figure 2.3). 

 

Figure 2.3: Illustration for conditioned media procedure. A. cell line conditioned media 

collection. B. Stimulation of fibroblast by cell line media and collection of the stimulated fibroblasts 

media. C. incubation of fibroblast with normal media to get media2. 
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2.2.1.3 Cytokine arrays  

Multiplex arrays are an antibody-pair-based assay for screening and comparing 

expression levels of up to hundreds of cytokines in a single assay. By comparing cytokine 

arrays with other methods for cytokine screening, such as Mass Spectrometry and 

Cytometric Bead Array, cytokine arrays are simpler, use standard lab equipment, and 

are relatively cost-effective. However, a cytokine array is a semi-quantitative method that 

requires further quantitative analysis using for example an ELISA assay for validation.  

The technology is based on the specific binding ability between captured antibody 

spotted in duplicate on nitrocellulose membranes and target cytokine that can be applied 

in different forms such as cell culture supernatant, cell lysate, serum, or plasma samples. 

Detection and visualisation of cytokine-capture antibody complex are obtained by 

incubating the membrane with streptavidin-Horseradish Peroxidase and 

chemiluminescent detection reagents. The signals are presented in the semi-quantitative 

form in proportion to the amount of cytokine bound.  

The Proteome Profiler Human XL Oncology Array kit (Catalogue number ARY026) 

was purchased from R&D Systems, Inc., Minneapolis, US. The arrays are designed to 

provide a relative expression of 84 human cancer-related proteins (Figure 2.4) the full 

names of included factors are listed in Appendix A.2. The protocol was followed 

according to the manufacturer’s instructions throughout the experimentation. Developed 

films were then scanned at high resolution and analysed using Image Studio software 

(Version 5.2; LI-COR, Inc, USA). Densitometry data were then normalised to the positive 

control spot (reference spots).  

 

Figure 2.4: The Proteome Profiler Human XL Oncology Array map (Catalogue number 

ARY026, R&D Systems, UK). 
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2.2.1.4 Indirect interactive co-culture (Transwell) 

In this experiment, we followed a modified protocol of the transwell co-culture method, 

based on a previous report (Aiuti et al., 1998). 3x105 Cancer cells were seeded in 1.5ml 

of growth media on cell culture inserts (Life Sciences, USA) containing a 0.45μm plastic 

membrane filter and placed on a 6-well plate filled with 2.6 ml of growth media. Cells 

were allowed to adhere overnight at 37°C in a humidified incubator with 5% CO2. The 

filters were conditioned before cell seeding to enhance the cellular adhesion by 

preincubation for a minimum of 1 hr at 37°C. 50,000 cells of NTF 3, NTF 10, CAF1 or 

CAF2 were plated in 6-well plate in 2 ml growth media and incubated for 24 h The 

experimental controls were plated in the same way with omitting the fibroblasts or cancer 

cells. The next day, the media change was undertaken, 1.5 ml fresh growth media was 

added to the inserts and 2.6 fresh growth media was added to the fibroblasts in 6-well 

plate, then the cell culture inserts were inserted into the wells carefully to avoid air bubble 

formation (Figure 2.5). The co-culture system was maintained for 48 h at 37°C in a 

humidified incubator with 5% CO2.  At the end of the experiment, the media were 

aspirated and centrifuged at 3000 rpm for 5 min and stored immediately at 20°C. Cancer 

cells and fibroblasts were detached from the culture system, counted and stored 

separately as pellets at -80°C. 

 

 

                    Figure 2.5: Illustration of transwell co-culture model. 

 

 



60 

 

2.2.2 ELISA analysis 

The indirect ELISA detection method was utilised in this study where the captured 

antigen (the target) has been coated on a plate surface and then complexed with an 

antibody that is linked to a reporter enzyme (horseradish peroxidase). Detection of 

cytokine-captured antibody complex is achieved by measuring the activity of the reporter 

enzyme via incubation with the appropriate substrate to produce measurable signals. 

Secreted IL-6, and CCL2 were quantified using the BD OptEIA™ sets for human IL-6 

and CCL2 detection (BD Biosciences, San Jose, US). OPN was quantified using the 

DuoSet Elisa set (R&D Systems, Minneapolis, US). For IL-6 and CCL2 analysis, 

conditioned media was diluted 1:100, whereas in OPN conditioned media was used 

without dilution. The calculated values were adjusted to the respective dilution factors. 

Delta Soft Microplate Analysis Software (MTX Lab system, USA) was used for ELISA 

data analysis. The corrected wavelength was used to plot the standard curve in (Log-

Log) regression. The standard curve equation was used to determine the target protein 

concentration (pg/ml). The concentration of secreted target protein was normalised 

according to the cell number at 10,000 cell/ml. 

 

2.2.3 SDS-PAGE  

SDS-PAGE was used to separate and identify target proteins. The protein mixture is 

separated on a polyacrylamide gel matrix based on molecular weight. The negatively 

charged proteins migrate depending on their size down the gel towards the positively 

charged electrode when a voltage is applied. However, this technique provides a semi-

quantitative result compared to other relative protein levels.  

2.2.3.1 Protein extraction and quantification:  

Radioimmunoprecipitation assay buffer (RIPA buffer, Sigma-Aldrich, UK) was used 

to lyse cells and solubilise proteins. One tablet of complete mini-EDTA free protease 

inhibitor cocktail and one tablet of phosphatase inhibitors were added to 10 ml RIPA to 

ensure protein stability. The cell pellet was removed from - 80 °C storage and kept in an 

ice box. 150-300 ml lysis buffer was added to the cell pellet and gently pipetted up and 

down to mix thoroughly and kept in the ice for 30 min followed by cooling centrifugation 

for 20 min at 13,300 rpm to avoid protein denaturing. The supernatant (soluble protein) 

was then aspirated and stored at -20°C, and the formed pellet was discarded. Protein 



61 

 

was quantified using the bicinchoninic acid assay (BCA) (Fisher-Scientific, UK) following 

the manufacturer's protocol. A POLAR-star Galaxy spectrophotometer was used for 

plate reading. 

 

2.2.3.2 Separation by size 

The percentage of acrylamide gel to use was determined according to the target protein 

molecular weight. Table 2.6. illustrates the recipe of used Acrylamide gel to make 1.5 

mm gel thickness. 

Table 2.6: acrylamide gels’ recipe 

 

 

Total protein lysate (20-30 μg) was mixed with 5x SDS lysis buffer (1:5) then heated for 

5 min at 95°C in a heat block. This step aimed to denature the higher-order structure, 

which ensures that the negative charge of amino acids is not neutralized, enabling the 

protein to move in an electric field. The gel was placed into the XCell SureLock Mini Cell 

electrophoresis system (Invitrogen Ltd, UK) following the manufacturer’s instructions and 

filled with 1x SDS running buffer. A pre-stained protein ladder (Ez run protein ladder) and 

the protein samples were loaded into gel wells then the gel was run for 60 min, at 100 V. 
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2.2.3.3 Transfer to a solid support 

Protein in the gel was transferred into nitrocellulose membrane or polyvinylidene 

difluoride (PVDF) membrane using the Trans-Blot® TurboTM Transfer System (Bio-Rad, 

UK). PVDF offers a higher protein binding capacity which allows it to detect lowly 

expressed proteins at a cost of higher background noise. More attention is required 

during the washing steps to minimise the dark background. Membrane was then stained 

with a Ponceau solution (Sigma- Aldrich, UK) to check for even protein transfer followed 

by washing dH2O.  

2.2.3.4 Marking the target protein 

The immunodetection step started by membrane blocking with 5% (w/v) milk (Marvel, 

UK) in TBS-T (Tris-buffered saline 10mM, containing 0.5% Tween (v/v)) for 1 hour at 

room temperature. The membrane was then incubated overnight at 4°C on a rocking 

platform with the primary antibody at the recommended concentration (Table 2.7) in 5% 

TBS-T milk. 

Table 2.7: List of used primary antibodies in immunoblotting. 

Primary antibody Working 
concentration 

Catalogue No – Supplier 

Anti-α-SMA 1:1000 A5228 - Sigma-Aldrich, UK 

Anti-p16 1:1000 108349 – Abcam, Cambridge, UK 

Anti-p21 1:1000 MAB1047 – R&D Systems, US 

Anti-phosphorylated p38 1:1000 Ab4822 – Abcam, UK 

Anti p38 1:500 Ab27986 – Abcam, UK 

Anti-CD44 1:1000 15675-1-AP – Proteintech, UK 

Anti-β-actin 1:3000 A1978 – Sigma-Aldrich, UK 
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The next day, the membrane was washed x3 for 5 min with TBS-T and then was 

incubated with the secondary antibody (Table 2.8) in 5% TBS-T milk for 1hr at room 

temperature on a rocking platform. 

 

Table 2.8: List of used secondary antibodies in immunoblotting. 

 

The membrane was then washed twice for 10 min with TBS-T and once with TBS for 5 

min. Membrane was developed with enhanced chemiluminescence (ECL), Pierce ECL 

western blotting substrate (Thermo-Fisher, USA), according to the manufacturer’s 

instructions, then the membrane was scanned with a digital scan. Image Studio Software 

(LI-COR Biosciences, US) was used for densitometry analysis of the bands and the 

intensity of each band was expressed normalized to the corresponding internal control 

(β-actin). When needed, membranes were stripped of bound antibodies using 10 ml of 

stripping buffer (Sigma-Aldrich, UK) for 30 minutes at room temperature on a rocking 

platform and then washed with TBS.  

 

2.2.4 Immunofluorescence staining 

Immunofluorescence staining was performed to detect and localise the antigens in 

cellular contexts (α-SMA, FAP-α, FSP-1), also, to determine the activation states of 

CD44 in OPN-treated OPSCC cell lines.   

8-well slide chamber (Starstedt, GER) was used to culture the cells for 

immunofluorescence analysis. 20,000 cells were seeded in each chamber with 800 μL 

of growth media. Chambers were covered with a lid and incubated for 24 h at 37°C in a 

humidified incubator with 5% CO2. After treatment with TGF-β1 or OPN, cells were fixed 

using the recommended reagent according to the manufacturer’s instructions (Table 

2.10). This was followed by another incubation with the permeabilisation reagent if 

needed (Table 2.11). After that, cells were blocked by the appropriate blocking (Table 

2.9) on a shaker for 15 mins. 200 μL of the diluted primary antibody was added, including 
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in the experiment negative control and incubated for 1.5h. Cells were then washed twice 

with PBS and incubated with the secondary antibody for 1h (if a non-conjugated 

antibody). The antibody control chamber was incubated with 200 μL of secondary 

antibody only. After that, the chambers were washed x3 with PBS and mounted with a 

coverslip containing a drop of Prolong diamond antifade mountant (DAPI, thermo fisher 

P36966). The slide was placed in a slide box at 4°C for 24h. Images have been taken 

used Ziess Axioplan 2 fluorescence light microscope (Carl Zeiss, UK), staining intensity 

has been quantified using Image J software quantifying the green colour only in fields 

with equal cells number. 

Table 2.9: Summary of the essential information for the used antibodies in 

immunofluorescent staining. 

Protocol  α-SMA FAP-α, FSP-1 CD44 

Fixation 100% Methanol 

for 15 min 

4 % formaldehyde 

for 10 minutes 

100% Methanol 

for 15 min 

100% Methanol 

for 15 min 

Permeabilization 4mM Sodium 

deoxycholate for 

15 min  

0.1 % TX-

100/PBS for 15–

20 minutes 

Not required. 4mM Sodium 

deoxycholate for 

15 min  

Blocking and 

incubation time 

Blocking Buffer 

(2.5% BSA in 

PBS) 15 min 

5 % normal goat 

serum/PBS. 15 

min 

10% goat serum 

in PBS. 15 min 

10% goat serum 

in PBS. 15 min 

Primary 

antibody and 

incubation time 

1:100, 1.5h 

Mouse 

monoclonal (clone 

1A4, F3777, 

Sigma Aldrich, 

UK). 

1:100, 1.5h RT 

Rabbit 

monoclonal 

(66562, cell 

signalling 

technology). 

1:100, 1.5 h RT 

 Rabbit 

monoclonal 

(13018, cell 

signalling 

technology). 

1:200, 1.5 h RT 

Rabbit 

polyclonal. 

(1567-1-AP, 

Proteintech, UK) 

Secondary 

antibody and 

incubation time 

Not required  1:1000, goat anti 

rabbit. 1h at 37°C 

1:1000, goat 

anti rabbit. 1h at 

37°C 

1:1000, goat anti 

rabbit. 1h at 

37°C 
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2.3 Molecular analysis 

2.3.1 RNA extraction and reverse transcription 

Total RNA was extracted using the Isolate II RNA Mini Kit (Bioline, UK) following the 

manufacturer’s instructions. RNA was quantified using a Nanodrop spectrophotometer. 

The purity of extracted RNA was determined by 260/280 ratio. 400ng of extracted RNA 

was reverse transcribed using a High-Capacity cDNA reverse transcription Kit (Applied 

Biosystems, USA) following manufacturer ś protocol using Peltier Thermal cycler (MJ 

Research, UK). The thermal cycler was set to run at 25°C for 10 min, followed by 2 h at 

37°C, and finally at 85°C for 5 min. cDNA was then stored at -20˚C. 

2.3.2 Quantitative PCR (qRT-PCR) 

Gene expression was quantified by a Rotor-gene qRT- PCR cycler (Qiagen, UK) using 

SYBR green chemistry or TaqMan chemistry. The quantification result was calculated 

using delta CT values normalized to the cellular reference gene beta2-microglobulin 

(β2m). All reactions were performed in a total volume of 10 µl, loading 500-120 ng of 

cDNA. The standard thermal cycle consisted of 95ºC for 10 sec, 60ºC for 15 sec and 72 

ºC for 20 sec. Table 2.10 outlines the probes used in this project. 

Table 2.10: List of the used qRT-PCR primers and probes in the study

 

SYBR Green primers 
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Table 2.10 B: List of the used qRT-PCR probe in the study 

TaqMan chemistry probe 

Name  Hs number Supplier 

HAL-DR 00219575 Thermo Fisher scientific, UK 

CD31 10652790 Thermo Fisher scientific, UK 

FAP-α 00159849 Thermo Fisher scientific, UK 

PDGFRα 
00183486 

Thermo Fisher scientific, UK 

IL-6 00985639 Thermo Fisher scientific, UK 

CDKN1A 

(P21) 

00355782 Thermo Fisher scientific, UK 

CDKN2A 

(P16) 

00923894 Thermo Fisher scientific, UK 

SPP1 (OPN) 00960942 Thermo Fisher scientific, UK 

β2m 
4325797 Thermo Fisher scientific, UK 

 

N.B: SSP1 TaqMan probe is designed to cover the five isoforms of secretory-type OPN  

(sOPN).  
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2.4 Tissue microarrays 

We constructed TMAs to validate the expression of some of the HNSCC biomarkers on 

OPSCC tissue samples. The TMA technique has been used widely in cancer research 

in clinical outcome analysis, and validation of tumour biomarkers. It allows high-

throughput molecular profiling to the tissue sections (Hoos and Cordon-Cardo, 2001), 

and provides rapid visualisation and analysis of molecular targets in hundreds/thousands 

of tissue samples at a time, either the DNA, RNA or protein level. The speed of molecular 

analyses is increased by more than 100-fold when compared with conventional 

techniques (Kallioniemi et al., 2001). Additionally, the simultaneous processing of tissue 

material in arrays provides high reproducibility as well as the reliability of the score 

interpretation (Radhakrishnan et al., 2007). The validation of TMAs results has been 

assessed and compared previously with the whole section results, no significant 

differences between the two methods have been observed (Hoos and Cordon-Cardo, 

2001). The major limitation is the small tissue volume may not be representative of the 

entire sample. To overcome this point, 3 cores from each sample were selected 

purposely including stroma and tumour cells, so they were similar and representative of 

the tumour in areas of interest in the main diagnostic slide. TMA construction can be a 

time-consuming method especially in the preparatory step of marking the tissue area, 

however, this time is worth using multiple replicates in array construction as this will be 

time and effort efficient at the staining assessment stage. 

 

Two retrospective pre-treated primary cohorts of OPSCC patients have been employed 

in this project: Cohort of 96 cases associated with all relevant clinical information was 

shared kindly by Dr Hisham Mehanna - University of Birmingham. The material formed 

part of the PREDICTR-OPC study cohort. The clinical material was provided as 10 

unstained TMA slides. A material transfer between the two universities was approved 

under the project ethical number 12/Lo/2018.  

 

Cohort of 72 cases associated with all relevant clinical information, original diagnostic 

biopsy blocks, and respective slides were retrieved from Sheffield Teaching Hospitals 

pathology reporting database in the period between 2002-2012 (also authorised under 

IRAS ethics 12/Lo/2018). 
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2.4.1 Array design and construction: 

Relevant haematoxylin-stained tissue sections of the corresponding FFPE donor blocks 

were histologically reviewed by KDH & NBH. Tumour representative areas (including 

epithelium and stroma) subsequently were marked, using a microscope mounted 

biomarker. By counting the number of marked cores, the TMA maps were designed 

(Appendix A.4): 

3 TMAs blocks were designed to cover all cohort cases; each recipient TMA block was 

designed to include 70 cores. Triplicate 1.0 mm cores from each donor block were 

included in the TMA design (whenever possible). Controls cores account for 28.5% of 

TMA cores in each TMAs block, including controls in the same OPSCC slide which helps 

in ensuring the specificity and sensitivity of used biomarkers. Controls were located at 

template borders to minimise the risk of losing OPSCC cores. Positive control tissues 

include lymph node (LN), submandibular salivary gland (Sub SG), tonsillar tissue, 

granulation tissue, and normal mucosa (N moucsa).  Additionally, 3 orientation cores 

were added to the template to allow easy slide orientation. TMAs were constructed 

manually with high precision and according to the manufacturer's instructions (Parsons 

and Grabsch, 2009) using MTA-1 Beecher manual instrument (Sun Prairie, USA). Blocks 

were then incubated at 37° C for 30 minutes in an upside-down position facing a glass 

slide for block tempering and to get all cores at the same horizontal level. Sequential 

FFPE sections (4μm thickness) were cut from TMAs blocks and placed on coated super-

adhesive slides (Thermo Fisher Scientific). Slides dried at RT for 24 h and then stored in 

a slides box at 4 °C. Slide baking was postponed until 1 hr before the staining procedure. 

Slide baking was done by incubation in the lab oven at 50°C for one hour, then drying at 

RT for 30 min.  

 

2.4.2 RNAScope assay  

RNAScope is a novel nucleic acid in situ hybridization (ISH) technology that provides 

high specificity detection for single-RNA molecules within the context of complex tissue 

microenvironments. The principle of this technology relies on a unique probe design that 

provides simultaneous signal amplification and suppresses background noise. 

RNAScope is quite similar to IHC in terms of tissue deparaffinization, rehydration, 

blocking endogenous peroxidase activity, and antigen retrieval, however, the target in 

IHC is to detect and amplify the interested protein signals, whereas in RNAScope the 

target is mRNA molecules within the intact cell. In this study, we utilised this technique 
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to detect HPV-16, HPV-18 and IL-6 mRNA using hybridisation targeting probes followed 

by several highly specific amplification steps using HybEZ oven (Advanced Cell 

Diagnostics (ACD), CA, USA). 

 

RNAScope assay reagents 

The assay was provided by Advanced Cell Diagnostics (ACD), CA, USA. Reagents in 

ISH and their preparation are listed in (Table 2.11). 

 

Table 2.11: Materials used in RNAScope assay 

 

 

 

/18 
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RNAScope protocol 

The humidity tray was loaded with fresh wet humidifying paper and inserted in place into 

the HybEZ oven (Advanced Cell Diagnostics, USA). The oven was warmed to 40°C for 

30 minutes in advance. Deparaffinization and rehydration of the slides were performed 

by immersing the sections twice in Xylene, for 5 minutes followed by 2 immersions in 

fresh 100% Ethanol for 1 minute, then a hydrophobic barrier was drawn around each 

section with IMMEDGE hydrophobic barrier pen, to ensure proper coverage to the whole 

TMAs cores, slides were placed on absorbent paper and allowed to dry for 5 minutes at 

RT. Pre-treat 1 was added to cover the whole cores and incubated for 10 minutes at RT 

followed by brief washing in dH2O. Slides were then submerged carefully, using plastic 

forceps, in boiling ‘pre-treat 2’ for 15 minutes, and left to cool down in dH2O. Pre-treat 3 

was added to the slides and incubated in the HybEZ oven at 40°C, for 30 minutes, 

followed by two washes in dH2O. The hybridisation probe was pre-warmed in an 

incubator at 37°C, to dissolve any precipitations before use. The target hybrids probe 

was added and incubated for 2 hours in the HybEZ oven at 40°C, followed by two washes 

in wash buffer for 2 minutes. According to the manufacturer's instructions, sequential 

signal amplification steps were carried out using RNAScope 2.5 HD Detection Reagents 

BROWN (Table 2.12). Signal Detection was obtained by incubating the slides for 10 

minutes with DAB Mixture (1:1 Brown-A & Brown-B, amplification kit) then slides were 

immersed in a water bath to stop the colour reaction. Counterstaining was performed 

using Leica ST4020 Stainer, and the glass coverslips were mounted using DPX 

mounting media. 

 

Table 2.12: Amplification Protocol for RNAScope technique. 
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2.4.2.1 RNAScope scoring criteria 

All the stained slides were scored independently by KDH and NH, then the final scores 

were recorded with an agreement between the two parties. For each case, all relevant 

cores were analysed and the highest score among the cores was selected. Scoring 

criteria in HPV-16 RNAScope assay was according to the manufacturer's instructions. 

We considered score (0) as a negative result whereas scores (1-4) as positive HPV 

results (Table 2.13). 

 

Table 2.13: HPV RNAScope scoring criteria 

 

 

IL-6 RNAScope scoring criteria: 

The expression of IL-6 signals has been evaluated and scored for OPSCC stroma 

according to modified scoring scheme from Yu et al., (2015) work in their scoring 

scheme, IL-6 expression has been classified to 4 levels according to the number of 

positive cells: 0, no cells. 1, areas with 5-10 positive cells per 20x field. 2, areas with 11-

25 positive cells per 20x field. 3, areas with 26-50 positive cells per 20x. 4, areas of more 

than 50 positive cells per 20x field. 

We grouped those 4 levels into 2 groups: group 1 “Low IL-6” (≥26 positive cells) and 

group 2 “High IL-6” (≤25 positive cells). 
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2.4.3 Immunohistochemistry analysis (IHC) 

A standard two-step IHC staining procedure was followed to detect the expression of 

p16, ɑ-SMA, and OPN biomarkers using the streptavidin‐biotin-peroxidase complex. 

Primary antibodies, the appropriate secondary antibody, blocking serum and control are 

summarised in Table 2.14.  

 

Table 2.14: Summary of the essential information in IHC procedure. 

Primary antibody Antigen retrieval 

method 

Working 

concentration 

Secondary 

antibody 

Blocking 

serum 

Antibody 

positive control 

Anti-p16 P16 IHC staining has been carried out by the Royal Hallamshire Hospital 

laboratory using E6H4 (CINTECH) p16 clone 

Anti-α-SMA 

mouse, 

monoclonal 

antibody (Sigma 

Aldrich, UK) 

HIER, 0.01M 

pH 6 citrate buffer 

microwaved for 10 

min 

1:100 Anti-

mouse 

(Vectastain 

ABC kit) 

Normal 

horse serum 

(Sigma 

Aldrich, UK) 

Submandibular 

salivary tissue 

section 

Anti-OPN rabbit 

polyclonal 

antibody, 

(Proteintech, UK) 

HIER, 0.01M 

pH 6 citrate buffer 

microwaved for 10 

min 

1:50 

1:200 

Anti-rabbit 

(Vectastain 

ABC kit) 

Normal goat 

serum 

(Sigma 

Aldrich, UK) 

Placenta 

tissue section 

* Heat-induced epitope retrieval 
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IHC reagents 

IHC reagents in IHC analysis and their preparations are listed in (Table 2.15) 

Table 2.15: IHC reagents. 

  

IHC Protocol 

Tissue deparaffinization and rehydration was performed by immersing the sections twice 

in Xylene for 5 minutes each followed by another immersion in absolute Ethanol, twice 

for 5 minutes in each. The endogenous peroxidase activity was quenched using 3% 

methanolic hydrogen peroxide for 20 minutes to minimise background staining, followed 

by a brief wash in PBS. Antigen retrieval was conducted according to the 

recommendation of the manufacturer of the relevant primary antibody (Table1.2). A 

hydrophobic barrier was drawn around each slide using IMMEDGE TM hydrophobic 

barrier pen to ensure proper coverage of the whole TMA cores. 100% normal serum was 

used as a blocking serum to prevent the non-specific staining, slides were incubated for 

30 minutes at RT in humidity. After that, the blocking serum was discarded, and slides 
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were further incubated with a sufficient volume of primary antibody diluted in serum in a 

humidity chamber overnight at 4°C. The next morning, slides were washed 2X with PBS 

for 5 minutes, followed by incubation with the secondary antibody for 30 minutes at RT 

(The secondary antibody is conjugated to biotin which has a strong affinity to ABC 

solution, the latter works as an amplifier to the antigen signals and aids in antigens 

visualisation). After the incubation, the slides were washed x2 with PBS for 5 minutes 

each and covered with ABC solution for a further 30 minutes at RT, followed by x2 wash 

in PBS, for 5 minutes. DAB Peroxidase Substrate was used for colour development for 

8-10 minutes then slides immersed immediately in dH2O to stop the colour reaction. 

Haematoxylin counterstaining was performed using an automated linear staining 

machine (Shandon). Glass coverslips were mounted with DPX mountant (Thermo Fisher 

Scientific).  

 

2.4.3.1 IHC scoring criteria 

All biomarkers have been scored semi-quantitatively by KH and NH, then the final score 

was agreed by the two parties. The highest score among the 3 TMA cores was chosen: 

 

p16 IHC biomarker: 

TMAs slides were scored using Histo-score (H-score). H-score is the sum of individual 

stain intensity level seen in the field giving more relative weight to higher-intensity 

staining in each tumour core. For each core, the staining intensity (0, 1+, 2+, or 3+) is 

determined then the percentage of cells at each staining intensity level is recorded, then 

H-score is calculated using the following formula: [1 × (% cells 1+) + 2 × (% cells 2+) + 

3 × (% cells 3+)]. H-score results range from 0 to 300. 

 

ɑ-SMA biomarker: 

ɑ-SMA immunopositivity was scored to “Low” and “High” based on positive staining 

amount, followed by Kellermann et al., (2008) criteria. “Low” indicated a patchy/focal 

expression less than 50% of the stroma, while High referred to a diffuse expression 

throughout the tumour, more than 50% of the stroma.  
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OPN biomarker: 

The expression of OPN was scored in tumour cells only. OPN IHC score was based on 

the assessment of OPN stain intensity in the tumour cells: (0=absence, 1=weak, 

2=moderate, 3=strong) multiply by the score of stained percentage of epithelium 

thickness (0=<5%, 1=<25%, 2=<50%, 3=<75, 4=75-100%). The scoring scale range 

from 0-12. 

The extent of the OPN staining (E) within tumour cells (percentage of positive cells 

concerning the total number of epithelial cells) was scored from 0-4, 0 = 0% positive 

cells, 1 ≤ 25% positive cells, 2 = 26%–50% positive cells, 3 ≥ 50% positive cell, 4 100% 

positive cells. OPN final score is corresponding to the yield of (I * E), with the maximum 

score being 12. 

 

2.4.4 Imaging  

All histological images for H&E, ISH, and IHC slides were obtained using Cell-D^ 

software 2.8 (soft imaging solutions GmbH, Munster, Germany). 
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Chapter 3: TMA-based clinical validation of molecular 

biomarkers in OPSCC 
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3.1. Introduction 

High-risk HPV infection is a well-established risk factor for developing OPSCC, in 

addition to traditional OPSCC risk factors, including tobacco use and alcohol 

consumption. However, HPV-driven OPSCC is a distinct entity with a characteristic 

molecular and clinical profile. The differences between both OPSCC subtypes are 

evident in the clinical epidemiological figures which report an alarming increase in the 

incidence of HPV-associated OPSCC over the last few decades. OPSCC incidence was 

expected to increase further in England by 239% in the period between 2011 to 2025, at 

that time point, OPSCC would compose 35% of all HNC (Louie, Mehanna and Sasieni, 

2015). The differences in OPSCC subtypes are also demonstrated in the clinical patient 

profile. HPV-positive patients tend to be male, younger in age, with no history of chronic 

smoking and drinking habits. Most importantly, HPV-positive OPSCCs display better 

clinical outcome than their non-HPV related counterparts regardless of the treatment 

modalities (Lindquist et al., 2007, Lassen et al., 2009, Ang et al., 2010). Based on these 

clinical differences, there was a key change regarding HPV-positive OPSCC in the 8th 

edition of the UICC TNM classification (Union for International Cancer Control), which 

considers HPV-associated OPSCC a separate entity, based on p16 expression.  

In this context, determining HPV status in OPSCC has become a mandatory requirement 

in routine practice, based on p16 IHC as a first-line test. Although this technique is 

considered sensitive, cost-effective, and feasible to apply, it is subject to the limitations 

of IHC evaluation, with a lack of standardised scoring criteria and an agreement on a 

definite single threshold. Intense nuclear and cytoplasmic expression in >70% of tumour 

cells has been adopted by the majority; however, others demonstrated >50% positivity 

threshold with better specificity. An H-score based scheme was also proposed for p16 

scoring which still awaits extensive clinical validation (Jordan et al., 2012). 

Given the superior prognosis of HPV-driven OPSCC, currently, there is wide interest in 

treatment de-escalation programmes, seeking to reduce treatment morbidity whilst 

maintaining favourable survival features. Several ongoing trials are considering de-

intensifying chemotherapy or radiotherapy and/or applying targeted therapy or 

immunotherapy as alternative approaches (Howard et al., 2018, Beaty et al., 2019, Jones 

et al., 2020). However, the criteria of patient selection based on HPV-status only could 

be too simplistic, raising the concern of establishing additional adequate parameters for 

HPV-positive OPSCC stratification based on molecular biomarkers.  



78 

 

The crucial role of tumour microenvironment (TME) in cancer progression is a promising 

approach in cancer research generally. CAFs are the most prominent TME component 

in solid tumours which have been suggested to have profound influences on tumour 

behaviour. CAFs have shown the capability to enhance tumour growth, local invasion 

and metastasis and were, characteristically, known by the expression of ɑ-SMA (Attieh 

and Vignjevic, 2016, LeBleu and Kalluri, 2018). Given the established functional features 

of CAFs, they have become increasingly accepted as prognostic biomarker. CAFs have 

been correlated with poor clinical outcome in several tumours (Chen et al., 2017, Cong 

et al., 2020, Zhan et al., 2020). In OSCC, Marsh et al. (2011) linked the high presence 

of CAFs in OSCC stroma with worse prognosis compared to OSCC with fewer CAFs 

detected, introducing ɑ-SMA IHC as an independent and effective mortality predictor. 

Although well-established for OSCC, CAFs’ prognostic role in OPSCC has not been 

investigated thoroughly in the literature. In previous work from our lab, Bolt et al. (2018) 

reported a significant difference in HPV-positive and HPV-negative OPSCC cell lines’ 

interaction with stromal fibroblasts in 2D and 3D models. HPV-negative cell lines showed 

the ability to promote normal fibroblast production of a supportive secretome able to 

enhance cancer cell migration and invasion. These interesting observations underpin the 

need for further investigation and clinical validation on fibroblasts’ function in OPSCC 

tissue. 
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3.2. Aims  

● Determine the status of biologically relevant HPV infection in an established 

OPSCC cohort and compare its demographic characteristics with non-HPV 

related OPSCC. 

 

● Determine the p16 H-score threshold in OPSCC and evaluate its diagnostic and 

prognostic performance in OPSCC. 

 

● Explore and compare ɑ-SMA presence in OPSCC subtypes and assess its 

prognostic value. 

 

3.3. Experimental approach and statistical analysis 

● The main study cohort was established from two small cohorts: Cohort 1 was 

collected from cases treated between 1996-2004 in Birmingham and Oxford, as 

part of the Predictr study. Cohort 2 was collected from cases treated between 

2002-2012 at Sheffield Teaching Hospitals NHS Trust. 

 

● Tissue microarrays were constructed, then subjected to RNAScope assay to 

detect HPV 16/18 mRNAs. The whole cohort was divided into two sub-groups 

according to HPV status. Demographic features were compared using 

contingency table chi-square tests, age mean compared using t-test (two-tailed).  

 

● Overall survival information only was obtained for the whole cohort of cases. 

Kaplan-Meier method was used to analyse survival based on the predictor 

groups. The survival curves were compared using Log-Rank test. Estimated 

overall survival time was expressed as mean with 95% CI. Five-year survival rate 

was selected as an endpoint in the survival analysis, which is consistent with 

more commonly cited statistics in HNSCC.  

 

● p16 IHC staining was performed using the E6H4 antibody clone and assessed 

using H-score. The p16 positivity threshold was determined using ROC curve. 

The curve was plotted against p16 sensitivity and 1-specificity in HPV detection 

using RNAScope as the reference assay. The prognostic performance of p16 

biomarker was assessed using Kaplan-Meier method and Log-Rank test. 
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● α-SMA biomarker expression was assessed by performing IHC staining for the 

whole cohort. α-SMA expression distribution between OPSCC subtypes was 

assessed using contingency table chi-square tests. The prognostic value of α-

SMA biomarker was evaluated and compared in OPSCC subtypes using Kaplan-

Meier method and Log-Rank test. 

 

● An unadjusted Cox regression model (Univariate) was established to evaluate 

the hazard ratio (HR) for each predictor separately.  

 

● All statistical analyses were performed using SPSS (versions 23-26). p-

value<0.05 was considered significant. HR>1 indicated a positive correlation with 

the hazard (Mortality). 
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3.4 Results 

3.4.1. Establishing the study cohort  

In this study, two retrospective pre-treated primary cohorts of OPSCC patients were 

employed. Cohort 1 consisted of 96 cases treated in the period between 1996-2005 

which were kindly shared by Professor Hisham Mehanna, University of Birmingham. 

These cases were originally part of the cohort for the Predictr-OPC study.  The cohort 

was provided in 10 unstained slides associated with relevant clinical information, HPV 

16/18 RNA ISH score and p16 H-score. However, 13 cases were excluded due to 

unavailable RNA ISH score (n=5) and missing survival-related information (n=8). The 

second cohort, “Cohort 2”, included 72 cases associated with all relevant clinical 

information, original diagnostic biopsy blocks and respective slides that were retrieved 

from the Sheffield Teaching Hospitals pathology reporting database, in the period 

between 2002-2012. During the histological examination and core selection, 12 cases 

were excluded due to insufficient tumour tissue availability (n=8) and insufficient survival 

information (n=4) (Figure 3.1). 

 

 

Figure 3.1: Flow-chart illustrating the establishment of the study cohort. 
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3.4.2. HPV-positive OPSCC prevalence and cohort 

characterisation  

RNAScope assay for HPV 16/18 was the utilised method for detecting HPV-driven 

OPSCC in the study cohort. In Cohort 1 the assay result was provided in terms of 

“positive” or “negative”. To identify HPV-associated OPSCC in “Cohort 2”, TMAs slides 

were subjected to HPV 16/18 RNAScope assay (Advanced Cell Diagnostics, CA, USA). 

The assay was conducted and scored according to the manufacturer’s instructions 

(Refer to section 2.4.21 for the detailed score information).  The full range of RNAScope 

scores (1-4) was observed in Cohort 2. RNAScope negative case was identified by the 

complete lack of mRNA signals (Figure 3.2). 
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Figure 3.2: HPV16/18 mRNA expression in OPSCC cohort 2 using RNAScope assay. 1, The 

assay negative control, using bacterial gene DapB on OPSCC tissue section. 2, HPV16 & 18 

RNA-ISH positive controls, using known positive OPSCC case positive for HPV-DNA ISH, dark 

dots of stained HR-HPV RNA can be seen within the epithelial cells and nuclei (arrow). 3, 

RNAScope score 1 (40X magnification), 1-3 dots of stained HPV RNA can be seen per epithelial 

cell (arrow). 4, RNAScope score 2 (40X magnification), more than 3 dots per cell, also very few 

dot clusters are visible (arrow). 5, RNAScope score 3 (20X magnification), HPV RNA of more than 

10 dots/cells and less than 10% of the field has positive dot clusters. 6, RNAScope score 4, (20X 

magnification), HPV RNA stains clusters in more than 10% of the field’s cells.  
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3.4.2.1 HPV-positive Prevalence 

The HPV 16/18 prevalence across the whole study cohort was 60.8% (87/143), while 

39.2% (56/143) of the cohort was HPV 16/18 negative. Since the main study cohort 

consisted of two cohorts collected from different periods, we had to look at HPV 16/18 

prevalence separately in each small cohort for the comparison. The HPV-associated 

OPSCC percentage was 57.8% (48/83) in “Cohort 1” and 65% (39/60) in “Cohort 2”. 

 

3.4.2.2 Cohort characterisation based on HPV status 

According to HPV status, the study cohort was divided into two sub-groups, HPV-positive 

and HPV-negative. Descriptive comparisons for demographic and clinicopathologic 

variables are summarised in (Table 3.1). Patients' age distribution between the HPV-

positive and negative groups was comparable based on Chi-square comparison 

between age groups (p=0.71). The mean ages of the HPV-positive and negative groups 

were nearly identical: 56.1 years in the HPV-positive and 56.9 in the counterpart group 

(p=0.91), however, there was a little shift in HPV-negative group median toward the older 

age group (55 and 57.5, respectively). No gender predilection was observed in HPV-

OPSCC. Although the study cohort included a higher percentage of “Males” than 

“Females”, HPV-OPSCC distribution was comparable between both genders (p=0.65).  

Smoking information was obtained in 129 cases, categorised, generally, into “Never”, 

“Former” and “Current”. In the HPV positive group, the percentage of non-smokers was 

48.7% (38/78), while this percentage was lower in the HPV negative group: 13.7% (7/51). 

On the contrary, the current smoker subgroup of the HPV-negative group recorded a 

higher value than the HPV-positive group (56.8% and 25.6%, respectively). Statistically, 

smoking status categories revealed a significant difference between the two groups 

(p<0.001). In this study, TNM staging information was available according to the previous 

staging scheme (TNM7). Data represent the status at the time of diagnosis. We did not 

observe evident differences in T and N grades distribution between OPSCC entities 

(p=0.07). OPSCC cohort cases were distributed between stage III and stage VI, no 

earlier stages were detected. HPV-positive cases showed a higher percentage of stage 

VI than HPV-negative cases: 65.5% (57/87) and 46.4% (26/56), respectively. The 

difference in TNM staging between the two groups was statistically significant (p<0.02).  
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Treatment modalities records were obtained in 73 cases. All cases received surgical 

resection for the primary tumour. Adjuvant radiotherapy was afforded for all the cases 

except 6 cases who, sadly, died a few months following the diagnostic date. 

Chemoradiotherapy was provided for 23.91% (11/46) of the HPV group, while 7.4% 

(2/27) of the non-HPV group received the treatment.  

 

Among the HPV group, 10.3% (9/87) developed recurrent disease, while the rest of the 

group remained disease-free at the last time seen. The non-HPV related group suffered 

a high percentage of tumour recurrence: 25% (14/56).  

 

Overall survival (OS) was only available for the study cohort, disease specific survival 

(DSS) may reflect evident differences between OPSCC subtypes rather than21 OS.  

Based on comparing the percentage of deaths in each group over 5 years of follow up, 

the HPV-positive group showed a lower figure of 15.9%, while this percentage was 

higher in the counterpart HPV negative group (38.2%). The prognostic value of HPV 

infection in OPSCC will be analysed in detail in the next sections using Kaplan-Meier 

method. 
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   Table 3.1: OPSCC Cohort characterisation based on HPV-status  

<0.001 

(7th) 

(OS) 

N/A 5 (18.51) 1 (2.17) 

2 (7.40) 11 (23.91) 

20 (74.07) 34 (73.91) 

27 (100) 46 (100) 

6 (8.21) 

54 (73.97) 

54 (73.97) 

 

13 (17.80) 

73 (100) 

54 (73.97) 
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3.4.3. Prognostic potential of HPV-driven OPSCC 

The 5-year survival rate for the HPV-positive group was favourable compared with the 

HPV-negative group (Figure 3.3). The survival percentage for the HPV-positive cases 

was higher than in the counterpart group (84.1% against 62.5%). Log-rank statistical test 

revealed a significant difference between both OPSCC curves (p= 0.002) (Table 3.2). 

 

 

Figure 3.3: Better overall survival rate in HPV 16/18 positive group than HPV-negative 

group. The survival curve at 5-years follow-up concerning overall survival using Kaplan-Meier 

method. The red curve represents the HPV-OPSCC group (n=87) and the blue curve represents 

the non-HPV OPSCC group (n=54). Each drop-step in the curve illustrates a case of death. Each 

vertical line (Hash lines) on the curve indicates censored data. The HPV-positive group 

demonstrated a favourable prognosis with high survival fraction (0.84). Log-rank p= 0.002. 
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Table 3.2: Summary of Kaplan-Meier method for OPSCC based on HPV status  

 

 

3.4.4. Influence of smoking on OPSCC survival 

In OPSCC cohort characterisation, the smoking status at diagnosis revealed a significant 

difference between HPV-positive and HPV negative groups, although these data lack 

accuracy in the definitions of “Former” and “Current '' in terms of the number of packs 

and years since quitting the smoking habit. Here, we evaluated the effect of smoking 

status on OPSCC survival in both HPV groups based on smoking data at the time of 

diagnosis; smoking status during the treatment and follow-up periods was not 

documented. In the HPV-positive group, analysis of the obtained survival information for 

78 cases revealed no significant impact of smoking on HPV-positive group survival. The 

estimated survival time for “Never” and “Current” was 4.7 years and 4.6 years, 

respectively, while for “Former” it was 4.2 years, (p=0.48) (Figure 3.4).  

On the contrary, smoking habit seems to have had a significant negative impact on the 

survival of the HPV-negative group (n=51) based on smoking status: the “Never” group 

(n=7) showed a favourable clinical outcome over the 5 years, with a survival fraction of 

1, followed by former smoker patients (n=15), with a survival fraction of 0.86. The current 

smoker group (n=29) demonstrated the worst survival among the three categories, with 

a 0.37 survival fraction. Log-Rank (p=0.001) (Figure 3.5). 
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Figure 3.4: 5-years overall survival rates in HPV-positive OPSCC cohort based on 

“smoking status at diagnosis”. Kaplan-Meier analysis for HPV-positive group (n=78) revealed 

no significant differences in the survival based on smoking status at diagnosis. Each drop-step 

in the curve illustrates a case of death. Each vertical line (Hash lines) on the curve 

indicates censored data Log-Rank p= 0.48.  

 

Figure 3.5: 5-years overall survival rates in HPV-negative OPSCC cohort based on 

“smoking status at diagnosis”. Kaplan-Meier analysis for HPV-negative group (n=51) revealed 

significant differences in survival based on smoking status at diagnosis. “Current” smoking group 
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showed the worst survival. Each drop-step in the curve illustrates a case of death. Each 

vertical line (Hash lines) on the curve indicates censored data  Log-Rank p= 0.001.  

3.4.5. p16 expression in OPSCC 

In the study cohort, we evaluated the diagnostic and prognostic performance of the 

surrogate biomarker p16. The cohort 1 TMAs were provided with p16 expression 

information as H-score values. Cohort 2 was subjected to an anti-p16 monoclonal 

antibody (clone E6H4) and the staining was scored using H-score. Examples of p16 

positivity are shown in relation to the commonly used thresholds: (1) diffuse strong 

staining in the nucleus and cytoplasm in >70% of tumour cells in the tissue. (2) diffuse 

strong staining in the nucleus and cytoplasm in >50% of cells in the tissue (Figure 3.6). 
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Figure 3.6: Examples of different p16 expression thresholds in OPSCC. 1, strong 

cytoplasmic and nuclear p16 expression in >70% of the tumour. 2, an example of p16 intensity 

cut-off at >50%, with strong p16 expression in tumour cells. 3, varying patterns of p16 staining 

and intensity can be interpreted using the H-score formula. All images are presented in 20X 

magnification. 
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3.4.5.1. p16 expression distribution in relation to OPSCC subtypes 

p16 expression analysis was undertaken by evaluating H-score distribution among 

OPSCC sub-cohorts (Figure 3.7). Among the HPV-positive cases, 70.9% (61/87) 

demonstrated high H-score value ranges of 200-300. The lowest value among this group 

was “100” (n=1). In contrast, 27.5% (14/52) of the HPV-negative group showed 

expressions of 200-300, whilst the lowest value was “0”, seen in 58.8% (30/52) of the 

HPV-negative group. The difference in H-score means between the two groups was 

statistically significant (p<0.001) using t-test.      

 

Figure 3.7: p16 expression distribution in OPSCC cohort sub-groups. HPV-negative group 

(n=52) and HPV-positive group (n=87) illustrated contrasting patterns in p16 expression 

according to H-score values. HPV-positive cases were associated with higher H-scores, while the 

lowest expression occurred in HPV-negative cases (p<0.001). 

 

p<0.001 



93 

 

3.4.5.2. Diagnostic H-score threshold determination using ROC curve 

To assess p16 diagnostic and prognostic values in OPSCC, we first had to determine 

the H-score cut-off point for p16 positivity. ROC curve was selected to achieve the 

diagnostic cut-off point of p16 in HPV detection using RNAScope as a reference test. 

The curve was plotted between two axes of p16 sensitivity and 1-specificity values in 

HPV detection (Figure 3.8). 

Area under the curve (AUC= 0.87) displayed a good diagnostic performance of p16 in 

HPV 16/18 genotypes detection with a value close to “0.9” which indicated an excellent 

performance. ROC analysis presented a list of suggested diagnostic thresholds with the 

corresponding sensitivity and specificity (Appendix A.5). A threshold H-score of 144.5 

was selected for the highest sensitivity (97.7%) accompanied by acceptable specificity 

(72%) among the suggested thresholds.  

Figure 3.8: Diagnostic p16 H-score threshold determination using ROC curve. The curve 

plotted against p16 sensitivity and 1-specificity in HPV detection using RNAScope as a reference 

test. (AUC=0.87) indicated a good p16 diagnostic performance. 
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3.4.5.3. p16 prognostic value in OPSCC cohort 

Based on the ROC curve, H-score of 144.5 was selected as a cut-off point for p16 IHC 

expression positivity. In order to investigate the prognostic value of p16 expression in 

the OPSCC cohort, Kaplan-Meier method was conducted to establish the survival curves 

for OPSCC p16-positive and negative groups and Log-Rank tests assessed the 

significance between the curves (Figure 3.9). Over 5 years of follow up, 84.7% of the 

p16-positive group exhibited a better outcome with an estimated longer survival time (4.5 

years; 95%CI: 4.3-4.8), while 52.6% of p16-negative survived with shorter survival time 

estimation (3.3 years; 95%CI: 2.6-3.9). The difference between the two groups was 

statistically significant (p<0.001) (Table 3.3).  

 

 

Figure 3.9: Better overall survival rate in p16-positive group than p16-negative group. The 

survival curve at 5-years follow-up concerning overall survival using Kaplan-Meier method. The 

red curve represents the p16-positive group, and the blue curve represents the p16-negative 

group.). Each drop-step in the curve illustrates a case of death. Each vertical line (Hash lines) on 

the curve indicates censored data. The p16-positive group demonstrated a favourable prognosis 

with high survival fraction. Log-rank p< 0.001. 

 

p<0.001 
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Table 3.3: Summary of Kaplan-Meier method for OPSCC based on p16 expression  

 

3.4.5.4. Cohort stratification according to HPV status and p16 

expression  

p16 is considered the first-line test in routine clinical practice for detection of HPV-driven 

OPSCC. Due to p16 low specificity, specific HPV testing is highly recommended as a 

second-line test using either HPV-DNA ISH or PCR which were validated clinically. In 

this study, we investigated the performance of p16 against RNAScope and assessed the 

percentage of discordant cases. By matching HPV status with p16 expression, the 

OPSCC cohort was stratified into four classes. Among the cases, 60.4% (84/139) 

exhibited a p16 positive result in tumour areas harbouring HPV 16/18 RNAScope signals 

(class III). Meanwhile, 26% (36/137) of cases were negative for HPV 16/18 and p16 

expression (class I). Discordant results were observed in 10.8% of cases, which 

displayed p16 positivity, but no HPV 16/18 mRNA was detected (class II). This class 

represents the p16 false positive percentage, whereas there was a p16 false negative 

percentage in 1.4% of cases. Only 2 cases were positive for HPV16/18 but lacked 

overexpression of p16 (class IV). (Figure 3.10).  

 

Figure 3.10:  OPSCC cohort stratification according to HPV 16/18 status and p16 

overexpression.  
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Due to the small number of discordant cases in this study, the survival comparison 

between the stratified classes was not feasible. However, a highly significant correlation 

was found between the expression of p16 and the presence of HPV 16/18 (p<0.001). 

Survival curves illustrated that “Class I” had the worst outcome among all OPSCC 

classes, achieving the lowest survival fraction (Figure 3.11). 

 

 

Figure 3.11:  Overall survival curves for OPSCC cohort based on p16 and HPV 16/18 

expression using Kaplan-Meier method. OPSCC cohort stratified into 4 classes based on 

p16/HPV expression.  Class I (HPV and p16 negative) showed a lower survival fraction compared 

to Class III (HPV and p16 positive). Each drop-step in the curve illustrates a case of death. 

Each vertical line (Hash lines) on the curve indicates censored data. Log-rank p= 0.001. 

 

 

 

 

 



97 

 

3.4.6. α-SMA expression in OPSCC 

To explore the presence of CAFs in the OPSCC microenvironment and investigate their 

prognostic value, TMA slides were subjected to IHC using an anti-ɑ-SMA monoclonal 

antibody (1:100, Sigma Aldrich, UK). The submandibular salivary gland tissue section 

was included as a positive control. Antibody-negative control was obtained by omitting 

the primary antibody incubation step on the submandibular salivary gland section. CAFs 

were identified by positive α-SMA staining and were distinguished from other 

inflammatory and endothelial cells-stained cells by their morphology and pattern of 

organisation. CAFs appeared as long and spindle-shaped with an elongated nucleus. 

Typically, in larger amounts, CAFs were arranged in long arrays patterns (Figure 3.12). 

ɑ-SMA immunopositivity was scored to “Low” and “High” based on positive staining 

amount. Following Kellermann et al. (2008) criteria, “Low” indicated a patchy/focal 

expression of less than 50% of the stroma, while High referred to a diffuse expression 

throughout the tumour, affecting more than 50% of the stroma.  
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Figure 3.12. α-SMA IHC expression in OPSCC. Anti ɑ-SMA monoclonal antibody (1:100) was 

used for IHC staining. 1, positive control, submandibular salivary gland (myoepithelial-like cells) 

shows strong ɑ-SMA positivity. 2, ɑ-SMA negative control, the omission of ɑ-SMA antibody in 

submandibular gland serves as antibody negative control. 3, Low α-SMA expression. 4, High α-

SMA expression. Images presented at 20X & 40X magnifications. 
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3.4.6.1. α-SMA expression distribution in relation to OPSCC subtypes 

α-SMA expression was observed in both OPSCC entities in a comparable pattern. Within 

HPV-negative tissue, 46% expressed a high amount of α-SMA, while in HPV-positive 

tissue the percentage was 54.1%. Statistically, no significant difference was observed in 

α-SMA distribution between OPSCC subtypes (Chi-square p=0.36) (Figure 3.13). 

 

 

Figure: 3.13: α-SMA expression distribution in OPSCC cohort sub-groups. HPV-negative 

group (n=52) and HPV-positive group (n=87) displayed comparable patterns in α-SMA IHC. Chi-

square test (p=0.36). 
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3.4.6.2. α-SMA prognostic value in OPSCC 

The prognostic value of ɑ-SMA was evaluated firstly in total for the whole OPSCC cohort 

and then for the sub-cohorts, based on HPV-status. Kaplan-Meier method revealed 

better survival time in the “Low” α-SMA OPSCC group (4.4 years; 95% CI: 4-4.7) 

compared to the “High” α-SMA OPSCC group (4 years; 95% CI: 3.7-4.4). However, the 

Log-Rank comparison between both α-SMA survival curves was non-significant 

(p=0.12), indicating a weak correlation between α-SMA biomarker and OPSCC survival. 

On the contrary, in the HPV-positive sub-cohort, α-SMA expression revealed a significant 

prognostic value which further stratified survival in the HPV-positive group. “Low” α-SMA 

HPV-positive patients demonstrated a favourable clinical outcome compared to “High” 

α-SMA HPV-positive, (4.8 years; 95% CI:4.6-5) and (4.3 years; 95% CI:3.9-4.7), 

respectively, (p=0.02). In the HPV-negative group, both α-SMA survival curves showed 

an overlapped pattern throughout the 5 years of follow up, suggesting a weak prognostic 

value of α-SMA in HPV-negative cases (p=0.77) (Table 3.4) (Figures 3.14-16).  

 

Table 3.4: Summary of Kaplan-Meier method for assessing α-SMA biomarker 

prognostic value in OPSCC cohort and HPV-subgroups. 
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Figure 3.14:  5-years overall survival rates in OPSCC cohort based on ɑ-SMA expression. 

Kaplan-Meier analysis for ɑ-SMA expression in OPSCC cohort (n=137). Log-Rank p= 0.12. ɑ-

SMA low expression cases showed better survival, although that was not significant. The blue 

curve represents the ɑ-SMA-negative group, and the red curve represents the ɑ-SMA-positive 

group). Each drop-step in the curve illustrates a case of death. Each vertical line (Hash lines) on 

the curve indicates censored data. 
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Figure 3.15:  5-years overall survival rates in HPV-positive OPSCC group based on ɑ-SMA 

expression. Kaplan-Meier analysis for ɑ-SMA expression HPV-positive group (n=85). Log-Rank 

p= 0.02. Low ɑ-SMA expression significantly predicted better survival among the HPV-positive 

OPSCC group. The blue curve represents the ɑ-SMA-negative group, and the red curve 

represents the ɑ-SMA-positive group. Each drop-step in the curve illustrates a case of death. 

Each vertical line (Hash lines) on the curve indicates censored data. 
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Figure 3.16:  5-years overall survival rates in HPV-negative OPSCC group based on ɑ-SMA 

expression. Kaplan-Meier analysis for ɑ-SMA expression HPV-negative group (n=52). Log-Rank 

p= 0.77. No significant prognostic value was identified for ɑ-SMA biomarker in HPV-negative 

OPSCC. The blue curve represents the ɑ-SMA-negative group, and the red curve represents the 

ɑ-SMA-positive group). Each drop-step in the curve illustrates a case of death. Each vertical line 

(Hash lines) on the curve indicates censored data. 
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3.4.7. Cox regression model  

In the previous survival assessments, the Kaplan-Meier method was used with the null 

hypothesis: “there is no difference between the two populations’ survival curves”. This 

analysis examined the association of favourable outcomes with the presence and/or 

pattern of putative prognostic biomarkers. Looking at the other side of the coin, we aimed 

to measure the hazard of predictors in OPSCC mortality. Cox regression model 

(proportional hazards regression) was selected to provide further prognostic value for 

the cohort mortality “Hazard ratio, HR”. The model was established at the “Univariate” 

level to assess HR for each biomarker separately. A simultaneous “Multivariate” 

comparison of all the predictors’ strength will be presented and discussed in chapter 7. 

 

3.4.7.1. Unadjusted regression Model (Univariate) 

In the univariate model, HR is based on a single predictor where other predictors hold 

constant during the analysis, “unadjusted to other predictors’ effect”. In this model, HR 

reflects the hazard proportion based on a comparison between the predictor’s positive 

and negative groups and their strength in outcome prediction in OPSCC. If the HR is 

greater than 1, that is an indicator for a positive associated with the hazard and low 

survival prediction. If the HR is less than 1, then the predictor is associated with 

favourable survival, not the hazard, and in cases where it is equal to 1, that means the 

predictor does not affect the survival (Table 3.5) (Figure 3.17). 

HPV 16/18-negative status (RNAScope) was significantly associated with increased 

hazard compared to the HPV 16/18-positive counterpart (p=0.005). The mortality in the 

HPV-negative group was 2.68 higher compared to the negative group at any particular 

time (HR: 2.68, 95%CI: 1.35-5.31). On the other hand, HPV 16/18 positivity status 

exhibited a protective feature with HR=0.37 (95% CI; 0.18-0.73). 

Absence of p16 overexpression showed a relatively strong association with poor 

outcome (HR: 3.88, 95%CI: 1.95-7.72), while its positivity was linked to favourable 

survival with low HR: 0.25 (95% CI: 0.12-0.51). The difference in HR between the two 

groups was statistically significant (p<0.001).  

ɑ -SMA low expression showed an association with better survival in OPSCC cohort in 

total (HR: 0.60, 95%CI: 0.29-1.22); however, that was not statistically significant when 

compared with ɑ-SMA positive group (HR: 1.65, 95%CI: 0.81-3.37) (p= 0.16).  
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Table 3.5: Summary of Univariate regression model for OPSCC covariates.  

 

Figure 3.17: Forest plot illustrating the strength of study covariates. A Univariate model was 

established to obtain the hazard ratio values for each factor separately. HR (Red dot) presented 

with 95% CI upper and lower values. The dotted line represents the strength cut-off of HR (1). HR 

before the line indicates a weak correlation with the hazard and vice versa.  

<0.001 
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3.5. Discussion  

In this chapter, we presented our investigation of a retrospective cohort of primary pre-

treated OPSCC consisting of 143 FFPE tissue samples presented in tissue microarrays. 

HPV 16/18 mRNA ISH prevalence was 60.8% using RNAScope assay. The HPV-

positive group demonstrated a better survival rate than the counterpart (Log-Rank p= 

0.002) with low HR in the univariate model HR=0.37 (95% CI: 0.18-0.73). Available 

smoking data revealed a significant difference between two OPSCC subtypes (p<0.001); 

the HPV-negative group presented with a high percentage of “current'' smokers who 

demonstrated the worst survival fraction in OPSCC. p16 IHC H-score distribution showed 

a clear difference between OPSCC groups (p<0.001). Using ROC curve, H-score 

threshold “144.5” was selected for best diagnostic performance. p16 positivity provided 

a protective feature with superior survival for the positive group HR = 0.25 (95% CI: 0.12-

0.51) based on H-score threshold 144.5. Although High ɑ-SMA IHC expression was 

observed in both OPSCC subtypes, it provided further survival stratification in the HPV-

positive group, with significant potential prognostic value (Log-Rank p=0.02).  

 

3.5.1. HPV prevalence 

Currently, there is compelling evidence that HR-HPV is the primary cause of the 

increased incidence of OPSCC around the world. HPV 16/18, which was described 

originally as the main risk factor for cervical cancer, has been detected in a significant 

proportion of OPSCC, with an alarming increase in incidence recently. However, 

reporting HPV data within the literature requires caution considering several factors, 

including sociosexual diversity among the nations, the period in which the study was 

conducted and, most importantly, the robustness of HPV testing methods. 

The reported range of HPV-driven OPSCC worldwide is wide: 25%-74%, considering the 

scarce data from South America, Africa, and Asia (Gillison et al., 2000, Evans et al., 

2013, Würdemann et al., 2013, Franceschi, 2017, Dickstein et al., 2020). In this study, 

using RNAScope assay for HPV 16/18, HPV prevalence was 60.8% (87/143), while 

39.2% (56/143) of OPSCC was non-HPV 16/18 related. To compare the prevalence with 

studies located within the same time frame, we had to look at HPV 16/18 prevalence 

among the two small cohorts comprising the main study cohort because they were 

collected from different periods. Cohort 1 consisted of cases collected between 1996-

2005 (Oxford and Birmingham), and Cohort 2 of cases collected between 2002-2012 
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(Sheffield Teaching Hospitals). HPV 16/18 prevalence in these small cohorts was 57.8% 

(48/83) and 65% (39/60), respectively. Although the latest cohort showed higher HPV 

prevalence, we cannot consider that an increase in incidence occurred over the years 

because the two cohorts originated from different regions, without available previous 

data for the comparison. Generally, data from Europe demonstrates a significant steady 

increase in HPV-OPSCC incidence over the same time frame. In the period between 

(1995-1999) and (2000-2004), HPV incidence increased from 35.6% (95% CI: 26.5%-

44.7%) to 42.4% (95% CI: 35.6%-49.1%), and by 2015, it had risen to 49.5% (95% 

CI:36.4%-62.6%) (Stein et al., 2015). 

In the first UK nationwide study evaluating HPV prevalence between (2002-2011), 1710 

OPSCC cases were collected from 11 recruiting centres around the UK. The Sheffield 

and Birmingham centres did not take part in the study. The average percentage of HPV-

associated OPSCC identified across the centres was 51.8%. Among the 11 centres, 

Liverpool and London recorded the highest percentages (67.5% and 65.2%, 

respectively) and the lowest percentage was seen in Belfast (35.7%). The study is based 

on tier-wise diagnostic algorithms (p16 IHC, HPV DNA-ISH and/or PCR) for HPV 

detection. HPV DNA ISH probes covered 12 HPV genotypes, while PCR primers were 

used for the most common 24 genotypes. Among the tested HPV genotypes, the HPV 

16/18 percentage was 93.5% (95% CI, 91.5–95.1) (Schache et al., 2016).  

 

3.5.2. HPV Patient profile 

According to the above-mentioned study, Schache and team found the majority of HPV 

cases are located in younger age groups, whilst the HPV percentage is decreased in the 

older age groups (37.2% of ≥75 years vs 69.2% in age ≤ 45). The mean age for HPV-

positive OPSCC was 57.4 years which was statistically younger than among the HPV-

negative counterpart (61.4 years) (p<0.001). Here, in this study, we did not observe a 

significant difference in age between the HPV-positive and HPV-negative groups 

(p>0.05). The incidence of OPSCC in relation to patient age showed a bell shape pattern, 

regardless of HPV-status, which started with a few cases at an early age ≤ 45, peaked 

between ages 46 and 65, then declined around ≥66, which indicates that all the OPSCC 

cases can be considered as falling within middle-aged groups. This disagreement in age 

distribution might be attributed to the relatively small size of our cohort. 
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Over the last decades, HPV-positive OPSCC has been known as a disease affecting the 

middle-aged groups (45–64 years old), in particular, whilst non-HPV related OPSCC was 

linked to the elderly with a long history of tobacco and alcohol consumption. Recently, a 

few studies reported an evolving epidemiologic landscape of HPV-OPSCC population, 

with a significant shift in the age range spectrum toward older year groups (Zumsteg et 

al., 2016, Melina et al., 2018, Rettig et al., 2018 a, Rettig et al., 2018 b). Melina et al. 

(2018) reported a significant increase in age median in the study population (n=239) from 

53 years to 58 years, (p=.01), based on a timeline ranging from 1995-2013. However, 

the study population comprised a wide variety of ethnic groups, which might indicate the 

effect of diversity in sociosexual conditions among the study cohort. Another report, from 

the Westra group, presented the same significant shift in the mean age of the study 

cohort (n=1068), from 51.6 years to 58.5 years in cases collected between 2002 and 

2017 (Rettig et al., 2018 b). However, the determination of HPV-status was dependent 

solely on p16 IHC overexpression which was observed in 89.3% (954/1068) of the study 

cohort. The high HPV percentage in their study raises a concern regarding p16 low 

specificity. The p16 false positive percentage has been reported to be between 5% and 

20% in the literature; this fraction could be a reason behind the age range extension in 

this report.  

Much work is required to understand the evolving clinical profile for HPV-OPSCC 

patients and its clinical implications. The available clinical data demonstrated a 

concerningly high hazard ratio in the older HPV group compared to the younger age 

group (p<0.001) (Rettig et al., 2018 a), although HPV detection methods in this report 

were not stated clearly. The elderly group is the ideal age group for potentially gaining 

benefit from de-intensification protocols. Establishing a rigorous clinical trial 

incorporating the HPV-elderly group might reveal significant implications in the 

optimisation of de-intensification protocols.  

In this study, gender distribution among the HPV-positive and negative groups was 

similar (p>0.05), although the study incorporated more men than women (M:F ratio 

2.8:1). In the literature, there is no marked dominant effect of HPV infection linked with 

a specific gender. HPV-associated OPSCC has a varied distribution between both 

genders around the world. While the United States demonstrates a strong male 

predilection (Gillison et al., 2015), other reports across Europe showed the opposite 

trend, with greater increasing incidence in women than men (Evans et al., 2013, 

Henneman et al., 2015, Würdemann et al., 2017, Mirghani et al., 2019). Interpretation of 
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gender distribution across the geographic regions reflects the diversity in sociosexual 

behaviour among these populations (Gillison et al., 2015).  

 

3.5.3. Prognostic potential of RNAScope  

The prognostic value of RNAScope has been reported by a small number of studies in 

the literature (Ukpo et al., 2011, Schache et al., 2013, Craig et al., 2020). Although it 

demonstrated a strong correlation with survival, further clinical validation is still needed 

to prove its performance against p16 IHC. In this study, the HPV positive group showed 

a clear improvement in overall survival time compared to the non-HPV group over the 5 

years of follow up. Log-Rank test detected this significance between the survival curves 

of both HPV groups (p=0.002), whilst the univariate regression model displayed a lower 

hazard ratio with HPV-positive status than in the negative counterpart (p=0.005).  

Comparing RNAScope prognostic performance with p16, the latter showed more 

significant value in prognosis prediction (Log-Rank p<0.001) compared to HPV-curve 

values. Moreover, its prediction strength in the hazard ratio analysis presents a 

significant and superior factor in univariate analysis (p<0.001). According to the available 

limited data in the literature, RNAScope and p16 demonstrated equal prognostic value 

using the Kaplan-Meier method. However, based on an adjusted regression analysis, 

Ukpo et al. reported a stronger prognostic value in patient outcome stratification with p16 

than RNAScope using 7 hybridization HR-HPV probes, over a follow-up period of 14 

years (Ukpo et al., 2011). On the other hand, Craig et al. reported a comparable 

prognostic value between RNAScope and p16 (HR=0.26 and 0.31 respectively) using 

18 HR-HPV probes, over 5 years of follow-up (Craig et al., 2020). No multivariate 

analysis was reported in Schache et al. (2013).  

From the above, RNAScope showed a strong correlation with survival rate. Compared 

to p16, RNAScope showed an equivalent performance in univariate analysis; however, 

in the case of multivariate analysis, there was disagreement between the reports, the 

difference in HPV probes number possibly being a reason. Additionally, we should be 

aware of other prognostic influences that might have an impact on the multivariate 

comparison. In our study, the number of HPV probes used is a clear limitation. The 

RNAScope prognostic value could be minimised by linking cohort cases’ survival with 

the expression of two HPV genotypes only. Full validation of RNAScope prognostic 

strength clinically could end the era of diagnostic algorithms in clinical practice, especially 



110 

 

after the success of automated RNAScope validation (Anderson et al., 2016). Using a 

single test approach could minimise the risk of false-positive and false-negative results 

in the two-test approach. Besides, it would minimise the issues in test result interpretation 

due to the unique probe design that amplifies the signals specifically within a noise-free 

background. However, the financial implications of such a test are a challenge to be 

considered.  

3.5.4. Influence of smoking on OPSCC survival 

Due to the retrospective nature of sample and data collection, data concerning smoking 

and alcohol intake could not be reliably obtained. Smoking history was available in 129 

cases but with poor definition of the status in terms of date, pack number per year and 

history of smoking quitting. Based on smoking status, cases were put in three categories: 

Never, Former and Current. The distribution of cases in these categories revealed highly 

significant differences between the HPV-positive and negative groups (p<0.001). The 

HPV-positive cohort showed a higher percentage of “Never” versus the HPV-negative 

cohort which had a higher number with “Current” status. These findings suggest 

modifying the aetiological role of risk factors in OPSCC development. Notably, a small 

proportion in the study cohort was identified as “Never smoked” and “HPV-negative 

patient” (n=7). These cases could be attributed to other HR-HPV genotypes rather than 

HPV 16/18 or linked to heavy drinking of alcohol. 

Our data regarding the effect of smoking on survival needs to be interpreted with caution; 

firstly, we analysed the effect of “smoking status at diagnosis”, and this might have 

changed during the treatment and follow up periods. Most importantly, our data is based 

on overall survival analysis rather than disease-specific survival, which may not be the 

most appropriate parameter for outcome comparison. Tobacco use has general health 

complications, including cardiovascular and lung disease, besides the development of 

other malignancies (Roden et al., 2020). In our study, smoking status appeared to have 

no evident impact on the survival rate in the HPV-positive group (p=0.48); meanwhile, 

the HPV-negative group showed a significant sub-stratification in survival based on 

smoking status (p=0.001).  

Smoking has a significant negative impact on patient survival, regardless of HPV-status 

(Ang et al., 2010, Gillison et al., 2012, Chen et al., 2020). Smoking status at diagnosis 

and during treatment has been shown to be associated with treatment response, and 

increased risk of developing second primary tumours (Browman et al., 1993, Fountzilas 

et al., 1997, Khuri et al., 2006). Although HPV-infection is the main aetiological factor in 
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HPV-positive OPSCC development, the available evidence suggests that tobacco 

smoking might have an impact on HPV-associated OPSCC behaviour and treatment 

response (Hafkamp et al., 2008, Kumar et al., 2007), possibly because of an increased 

risk for both local recurrence and distant metastases (Maxwell et al., 2010). However, in 

our analysis, as many retrospective studies, smoking habits did not demonstrate an 

evident influence on HPV-associated OPSCC outcomes (Yin et al., 2018, Hawkins et al., 

2019, Roden et al., 2020).  

 

3.5.5.  p16 expression in OPSCC  

p16 expression distribution based on H-score values revealed a highly significant 

difference between HPV-positive and negative OPSCC (p<0.001). A completely negative 

p16 value (H-score = 0) was detected in 58.8% of the HPV negative group, whereas 

none of the HPV-positive group showed complete p16 negativity. p16 expression reflects 

the pathogenesis of HPV oncoprotein E6 and E7 in deregulated cell cycle-associated 

proteins (p16, pRB, cyclin D1 and p53) (Wiest et al., 2002). However, by other less well-

described mechanisms, p16 overexpression has been reported in a significant minority 

of non-HPV driven OPSCC (15-30%) (Sedghizadeh et al., 2016). This could in part be 

attributed to the normal structure of oropharyngeal mucosa. Reticulated epithelium lines 

the oropharyngeal crypt and can show a weak patchy pattern of p16 expression in the 

absence of HPV infection (Robinson et al., 2012, Moutasim et al., 2015).  

RNAScope assay was the selected approach in this study to detect the transcriptionally 

active E6 and E7 mRNA in FFPE tissue. Compared to “the gold standard test” in the 

fresh frozen tissue samples (E6 & E7 RT-PCR), RNAScope showed excellent sensitivity 

and superior specificity in FFPE tissue (Geo et al., 2013, Schache et al., 2013). 

Moreover, it revealed a promising diagnostic performance, higher than DNA-ISH and 

PCR, when compared to p16 IHC. In a study of 357 cases, comparing p16 expression 

with HPV available tests, RNAScope displayed the highest sensitivity (93.4%) and 

specificity (92.4%) over DNA-ISH (86.3% and 95.3%) and DNA PCR (83.5 and 89.1) 

(Randén-Brady et al., 2019). Similarly, Craig et al. (2020) introduced RNA-ISH using 

RNAScope technique as a superior test over DNA-ISH and PCR with 95% sensitivity 

and 100% specificity compared to p16. However, it is worth mentioning that in both 

previously mentioned studies, DNA-ISH probes covered 12 HPV genotypes only, 

whereas RNAScope probes covered 18 genotypes. In this study, we aimed to determine 
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the p16 H-score cut-off in OPSCC by utilising RNAScope super performance in FFPE 

tissue. 

p16 immunoreactivity cut-off is a controversial issue in the literature. CAP and AJCC 8th 

guidelines, in addition to the majority of authors, considered >70% of cells expressing 

p16 (H-score approx. 210) as the diagnostic threshold of p16, whilst many authors 

introduced a >50% positivity cut off (H-score approx. 150) as a reproducible and high 

specificity threshold (Singhi and Westra, 2010, Amin et al., 2017, Shelton et al., 2017, 

Fakary et al., 2018). In this study, we investigated the performance of a p16 H-score 

scheme in OPSCC. H-score was obtained by identifying the proportions of each stain’s 

intensity levels (0, 1+, 2+, or 3+) and then calculated according to the H-score formula 

(Hirsch et al., 2003, John, Liu and Tsao, 2009). Using ROC curve, 144.5 was selected 

as an acceptable H-score threshold with 97.7% sensitivity and 72% specificity 

(AUC=0.87).  The percentage of p16 false-positive cases was 10.8% of p16+/HPV- 

discordant cases. In the literature, 3-23% is the reported range of p16+/HPV- 

disagreement using DNA-ISH (Weinberger et al., 2006, Smeets et al., 2007). 

Jordan et al. (2012) investigated the previous diagnostic performance of p16 H-score on 

OPSCC compared to qRT-PCR E6/E7 mRNA findings on material extracted from FFPE 

(n=240). A threshold score of 60 was suggested as a cut-off point for H-score with 

91.56% (85.93%-95.07%) sensitivity and 90.41% (80.70%-95.69%) specificity.  

However, the calculation method relied on the cross product of the intensity score (0 to 

3) and the percent of tumour staining at the highest intensity only. No further survival 

correlation was provided in Jordan’s study. In our study, based on the H-score threshold 

(144.5), p16 demonstrated a strong prognostic factor in OPSCC (Log-Rank p<0.001). 

The prognostic strength for the hazard ratio is significant and superior in the univariate 

comparison (p<0.001). 

Concerning the prognostic significance of p16, UICC and AJCC accepted p16 IHC as a 

single test for HPV status determination in OPSCC in the 8th edition of the TNM 

classification of malignant tumours (Amin et al., 2017). However, one of the foremost 

shortcomings of using p16 IHC alone is the low specificity, which is responsible for a 

proportion of false-positive cases with poorer survival comparable to HPV-negative 

OPSCC, as we have found. It is possible that p16+/HPV- OPSCC represents an HPV-

unrelated subtype, not fully biologically characterised, which would not benefit from de-

intensification protocols (Albers, Qian, Kaufmann and Coordes, 2017). Consequently, 

mounting evidence has emphasised the significance of double positivity for p16 and an 
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HPV specific test (DNA ISH) in demonstrating improved diagnostic accuracy and 

prognostic value (Mena et al., 2018, Ragin et al., 2018, Craig et al., 2019, Craig et al., 

2020). In our cohort, stratifying the cases based on p16/HPV results revealed a small 

percentage of discordant cases.  We were not able to compare their clinical outcome 

due to the small size of classes II and IV. 

 

3.5.6. ɑ-SMA IHC expression in OPSCCs 

ɑ-SMA immunoreactivity in FFPE tissue is commonly used for detection of active CAF 

within tumour stroma, and its overexpression is considered indicative of an active tumour 

microenvironment (Ostman and Augsten, 2009, Marsh et al., 2011, Meng et al., 2011). 

CAFs are capable of inducing profound influences on tumour cell growth, behaviour and 

the response to treatment (Madar, Goldstein and Rotter, 2013, Akrish et al., 2016). In 

many solid tumours, CAF detection is linked to poorer survival; the presence of a 

myofibroblastic stroma has been reported to be associated with local recurrence and 

metastasis in tongue carcinomas (Kellermann et al., 2007). Additionally, it demonstrated 

a strong and independent prognostic factor in OSCC regardless of TNM staging (Marsh 

et al., 2011). From this aspect, the presence of CAFs within a tumour is becoming 

accepted as a predictor of clinical outcome, suggesting the value of further 

investigations.  

Here, we explored the presence of CAFs in OPSCC stroma in terms of ɑ-SMA 

expression distribution among two OPSCC subtypes and its correlation with the clinical 

outcomes. We observed a comparable distribution of ɑ-SMA expression in OPSCC 

subtypes. Among the HPV-positive group, 60.4% showed ɑ-SMA-high percentage whilst 

47% of HPV-negative showed a high-ɑ-SMA percentage; however, no statistically 

significant difference was detected (p=0.78).  

CAFs activation is a result of a reciprocal interaction between cancer cells and 

surrounding stroma, mediated by paracrine signals including cytokines, metabolites, and 

exosomes (Kalluri and Zeisberg, 2006, Cirri and Chiarugi, 2011, Peacock et al., 2018, 

Fiori et al., 2019). Undertaking in vitro characterisation of extracellular vesicles (EVs) 

using HPV-positive and HPV negative cell lines, Peacock et al. (2018) reported an 

increase in EV production by HPV-negative cell lines compared to HPV-positive, with 

overlapping miRNA content. Interestingly, stimulating normal oral fibroblasts cultures 

(n=3) with extracted EVs from both HPV cell lines revealed variable upregulation of ɑ-
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SMA expression, regardless of HPV status. One high-responder NOF culture showed 

marked ɑ-SMA expression with HPV-negative cell line (SCC89 and SCC72), whilst two 

other NOF cultures induced ɑ-SMA upregulation using EVs from HPV-positive cell lines 

(SCC90 and SCC2) (Peacock, 2018).  

To the best of our knowledge, a robust assessment of the presence of CAFs in OPSCC 

tissue has been limited to two published works. Rahrotaban and colleagues reported a 

comparison in ɑ-SMA expression “intensity” and ɑ-SMA amount “Percentage” in a 

relativity small cohort of OPSCC (n=44). Only ɑ-SMA expression percentage showed a 

significant result with a higher correlation with HPV-positive group (n=23) than HPV-

negative group (n=21) (p=0.02), and no further survival information was provided. HPV 

status determination in the study was based on Nested Polymerase Chain Reaction for 

common HPV genotypes (n=16) (Rahrotaban et al., 2019). In the second report, 

Oguejiofor et al. (2016) assessed ɑ-SMA IHC expression in a larger OPSCC cohort 

(n=139) and correlated the expression with the clinical outcomes. Their ɑ-SMA scoring 

scheme was based on the sum of “Intensity X Percentage” which was to some extent 

different from our score criteria of “Percentage only”. In their study, ɑ-SMA expression 

was significantly higher in the HPV-positive group (n=74/139) than the HPV-negative 

counterpart. Using a univariate regression model, higher ɑ-SMA expression was not 

associated with the clinical outcome in the whole cohort, HPV-positive only, or in HPV-

negative only groups. This observation disagreed with our finding in the HPV-positive 

group. We detected a significant association between ɑ-SMA survival curves in the HPV-

positive cohort (Log-Rank p=0.01) indicating better overall survival in the HPV+/Low ɑ-

SMA subgroup, whereas in the HPV-negative group, no correlation was found between 

ɑ-SMA and overall survival (p>0.05). 

According to our observations, the prognostic value of ɑ-SMA is related to the HPV-

status of OPSCC, and it suggests that CAFs derived from HPV-negative OPSCC may 

have a greater capability for supporting the tumour than CAFs from HPV-positive 

OPSCC stroma. This assumption proposes a crucial role of OPC cancer cells in CAF 

phenotype differentiation. Originally, CAFs were established from several cell types 

within the tumour microenvironment which undergo phenotypic transdifferentiation in 

response to educating signals from tumour cells. This interaction between tumour cells 

and CAFs appears to have additional characteristic features based on the genetic 

stability of cancer cells which is reflected in CAFs’ phenotype and behaviour (Hassona 

et al., 2013, Bolt 2015).  
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Further investigations are required to identify the interaction discrepancy between 

OPSCC subtypes and CAFs. α-SMA expression in HPV-positive tumours might be 

utilised as a potential prognostic tool for HPV-OPSCC stratification in de-intensifying 

treatment. Also, it might provide an opportunity to develop individualised treatment 

strategies.  

 

3.6. Limitations 

This study is limited by the nature of retrospective research; thus, it has variation in 

patients’ management protocols, follow-up duration, lack of detailed information 

regarding the risk factors (sociosexual history, tobacco/drink use) and causes of patient 

censored data, which might reflect unperceived selection biases. The relatively small 

sample size must be considered during result interpretation, although the survival data 

and p16 performance were consistent with the vast majority of published work.  

 

Our research is TMA-based, which means each case was represented by a 1 mm tissue 

section in the TMAs slide. TMAs might raise concern in terms of case 

representativeness; however, the cores, ranging in number between 3 and 6, were 

selected thoroughly. The most compelling evidence suggests that small-sized cores 

have been proven as totally functional for HPV mRNA and p16 performance (Ukpo et 

al., 2011, Ma and Lewis, 2012). 

 

The survival information was limited to overall OS that might not reflect the nature of the 

disease. HPV-negative patients are typically have increased co-morbidities and 

therefore are more liable to death from “other” causes rather than OPSCC. 

 

We are also aware that the RNAScope probes were limited to HPV16 and HPV18 only. 

Other high-risk HPV genotypes could be associated with some HPV-negative cases; 

however, low percentages would be expected as HPV16 is responsible for more than 

90% of OPSCC cases.  

 

3.7. Summary of main findings and clinical implications 

This chapter investigated the diagnostic and prognostic performance of p16 H-score 

against RNAScope assay for the first time. We derived a p16 H-score cut-off of 144.5 as 
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a promising diagnostic and prognostic tool that demonstrated high sensitivity and 

acceptable low specificity compared to HPV 16/18 mRNA, in addition to the prognostic 

performance. This finding underpins the requirement for clinical validation of H-score 

performance that might be adopted as a tool addressing the partial stain dilemma 

between >70% and >50% positivity thresholds. We also identified a significant cohort of 

p16+/HPV- cases which reinforces the need for an HPV specific test, in addition to p16, 

for diagnosis.  

 

Our findings on ɑ-SMA provided a novel insight into the role of CAFs in HPV-positive 

OPSCC suggesting the pivotal role of tumour microenvironment in OPSCC outcomes 

discrepancy. Clinically, these findings urge a further study of the ɑ-SMA biomarker and 

clinical validation to assess its prognostic strength in HPV-positive OPSCC. The findings 

might provide a stratification within HPV-positive OPSCC for the best benefit of de-

intensifying protocols. Moreover, the proposed crucial influences of CAFs in the HPV-

OPSCC tumour microenvironment suggest introducing HPV-positive OPSCC as an 

option in the emerging potential immunotherapy strategies targeting the tumour. 
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Chapter 4: Characterisation of OPSCC-derived cancer-

associated fibroblasts 
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4.1 Introduction 

Fibroblasts are the dominant cell type within the tumour microenvironment (TME) of 

many tumour types. In the TME, fibroblasts are continuously exposed to varied chemical 

and physical stimuli that contribute to phenotype transdifferentiation known commonly 

as cancer-associated fibroblasts (CAFs). Compelling evidence based on single-cell RNA 

sequencing (scRNA-seq) (Puram et al., 2018), in addition to previous in vitro and in vivo 

observations, emphasised the concept of CAF heterogeneity. CAFs are a group of a 

highly heterogeneous population. The wide discrepancy between CAF subtypes is 

demonstrated in the protein expression profile, besides the capacity of CAFs to promote 

or inhibit the tumours. 

 

Active myofibroblastic CAFs and senescent CAFs are the most common phenotypes 

which have been studied intensively in the literature concerning OSCC. They exhibit 

distinct signatures, which, to some extent, is evident in the transcriptional profiles and 

activation pathways, however, the clinical implications of both phenotypes are still not 

well established (Biffi and Tuveson, 2021). The role of fibroblasts in the development of 

oral squamous cell carcinoma is well documented and has been extensively studied in 

our lab; normal oral fibroblasts (NOFs) were prompted to differentiate into a 

myofibroblastic phenotype and senescent phenotype. Both phenotypes were well 

characterised, and their molecular profile was thoroughly studied (Melling, 2015; Kabir 

et al., 2016; Abidin, 2017). In the previous chapter, HPV-positive OPSCC with 

myofibroblastic stroma demonstrated clinical poorer outcomes than HPV-positive 

OPSCC with a lower myofibroblast content, however, there is no established background 

related to OPSCC-derived fibroblasts. The present chapter focuses on the 

characterisation of the two most common phenotypes in OPSCC fibroblasts and 

compares them to what we have seen in NOFs. A better understanding of OPSCC 

fibroblast behaviour and modulation provides a solid framework for exploring initial 

events in cancer cell crosstalk in HPV positive and negative OPSCC microenvironment.  
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4.2 Aims  

● To establish in vitro models of myofibroblastic-CAF and senescent-CAF models 

using NTFs  

 

● To isolate and characterise OPSCC CAF primary cultures.  

 

 

4.3  Experimental approach and Statistical analysis 

● Myofibroblastic phenotype was induced in NTF322, NTF6 and NTF10 using TGF-

β1 and the cell transdifferentiation was assessed by evaluating de novo 

expression of ɑ-SMA at transcript and protein level using qRT-PCR, western blot, 

and immunofluorescence assay. Further validation was performed using the 

collagen gel contraction assay to observe the generated contractile force in the 

TGF-β1 induced phenotype. Also, the secretory profile was assessed using IL6 

ELISA analysis.  

 

● Premature induced senescence (PIS) was induced in NTF322, NTF6 and NTF10 

using DNA damaging agent (H2O2). Phenotype induction was assessed by many 

investigations including defining SA-βgal activity, analysis of the upregulation of 

CDK inhibitors including CDKN2A (p16) and CDKN1A (p21) using western blot, 

monitoring the proliferative capacity and quantifying IL-6 production. 

 

● For CAF extraction, an enzymatic digestion protocol was followed to isolate CAFs 

from fragments of tonsillar carcinoma specimens using Collagenase-I. 

 

● Purification of CAFs’ primary culture was assessed by the analysis of CK6, HDL-

AL and CD31 mRNA expression to exclude keratinocyte, immune cell and 

endothelial cells contamination, respectively. 

 

● CAFs’ identity was examined by analysing a panel of CAF biomarkers including 

FSP-1, PDGFRα, FAP-α, and α-SMA using qRT-PCR and immunofluorescence 

staining.  
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● Statistically, detection of non-normality is less likely among the data due to small 

sample numbers, however, Shapiro-Wilk test was used to check the normality 

due to its high sensitivity. For the comparison between two normally distributed 

samples’ mean, two-tailed unpaired t-test was used. In multiple data sets, one-

way analysis of variance (ANOVA) was used. 

 

● Data were presented graphically illustrating the mean with error bars 

demonstrating the standard deviation (SD). The probability of similar random 

result detection (p-value) was considered significant if (p<0.05). “N” followed by 

a number denotes the biological repeats, while “n” denotes the technical repeats. 

Data were analysed using Graph-pad prism versions 7-9.  
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4.4 Results 

4.4.1 Establish myofibroblastic-CAF model derived from 

OPSCC fibroblasts.  

TGF-β1 has been used widely in the literature in inducing myofibroblast phenotype. To 

establish reactive myofibroblastic phenotypes from NTF322, NTF6 and NTF10 cell 

cultures, cells were treated with 5 ng/ml of TGF-β1 for 24h, 48h, and 72h, following the 

previous protocol on oral fibroblast activation (Melling, 2015, Abidin, 2017). At present, 

the detection of α-SMA microfilaments is the commonly accepted method for the 

recognition of differentiated myofibroblasts. Phenotype transdifferentiation was 

confirmed and validated by assessing α-SMA expression at gene and protein levels. The 

contraction ability of developed actin microfilaments was observed using collagen gel 

contraction assay. Moreover, changes in the secretory profile of NTFs were investigated 

using IL-6 ELISA analysis.  

 

4.4.1.1 TGF-β1 upregulates α-SMA gene expression in NTFs 

For α-SMA gene analysis, NTF322, NTF6, and NTF10 were harvested, and total RNA 

was extracted and quantified. cDNA was constructed in 20µl volume using 400 ng of 

total RNA. α-SMA gene expression was quantified using delta CT values normalised to 

β2m. NTFs showed varied levels of α-SMA gene upregulation at different time points, 

with the highest expression level observed at 48 h in NTF322 and NTF6. NTF322 

expressed the highest level of α-SMA, (16 ± 4.2) fold at 48 h, whereas the gene 

expression levels at 24 h and 72 h were less, (4.5 ± 3.2 and 14 ± 1.4) fold, respectively. 

NTF 6 showed a similar pattern in α-SMA gene response at different time points; the 

initial lower expression was after the first 24 h, (8.6 ± 1.9) fold, followed by remarkable 

elevation at 48 h of (38.5 ± 2.12) fold. After 72 h, NTF6 showed a decrease of (23.5 ± 

9.1) fold. NTF 10 showed the highest upregulation of α-SMA in the first 24h, of (14.2 ± 

6.6) fold, then there was a steady decrease at 48h and 72h of (13.5 ± 3.5 and 10.2 ± 

1.09) fold, respectively (mean ± SD), compared to the untreated counterparts (Figure 

4.1). 
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Figure 4.1: α-SMA mRNA expression in TGF-β1-stimulated NTFs. NTF 322, NTF 6, and NTF 

10 were treated with 5 ng/ml TGF-β1 for 24 h, 48 h, and 72 h after being starved for the serum 

for 24 h. α-SMA expressions were variable between NTFs, with significant upregulation seen at 

48h in NTF322 and NTF6. Each bar on the figure represents the mean of relative α-SMA 

expression levels normalised to β2m. Statistical analysis was performed using Student’s t-test, 

and statistical significance is shown on the figure by *p<0.05. Error bars = SD for (N=3, n=3).  

 

4.4.1.2 TGF-β1 enhances α-SMA protein abundance in NTFs 

Anti-α-SMA monoclonal antibody was used for α-SMA detection whereas Anti-β-actin 

monoclonal antibody was used to normalise α-SMA expression. α-SMA protein 

abundances were recognised as a single band at ~42 kDa. The intensity of α-SMA 

protein expression was greater after TGF-β1 stimulation compared to the untreated cells, 

following a time-dependent response pattern. The effect of TGF-β1 stimulation on NTF 

10 revealed comparable expressions of α-SMA protein with control at different time 

points, with higher protein expression seen after 72 h. NTF322 and NTF6 showed a 

similar response to TGF-β1 stimulation, with remarkable protein abundance after the first 

48h (Figure 4.2).  
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Figure 4.2:  α-SMA protein expression in NTFs following TGF-β1 treatment. NTF 322, 

NTF 6, and NTF 10 were treated with 5 ng/ml TGF-β1 for 24 h (24h+), 48 h (48h+), and 72 h 

(72h+) after being starved for the serum for 24h. negative control were incubated with serum 

free media only (24h-), (48h-) and (72h-). Total protein lysates (20 µg) were separated on a 

15% SDS-PAGE gel and transferred to a nitrocellulose membrane for immunodetection. After 

membrane blocking using 5% (v:w) milk. A monoclonal α-SMA antibody (1:1000) was used 

to detect α-SMA protein and Anti-β-actin monoclonal antibody (1:3000) was used as a loading 

control after membrane stripping as in NTF322 and NTF10. NTF6 membrane was blotted by 

both antibodies at the same time. 

 

4.4.1.3 TGF-β1 enhances contraction of NTFs  

Collagen gel contraction assay was performed to assess the generated contractile force 

of NTFs after TGF-β1 stimulation. An in vitro three-dimensional contraction model of 

NTFs was constructed as described in section 2.1.10. Cells were incubated under 

mechanical tension conditions by leaving the lattices attached to the culture well. After 

48h, the collagen lattice was completely detached with a sterile spatula and incubated 

for 24 h, 48 h or 72 h with TGF-β1. At each time point, the lattices were photographed, 

and NTFs’ contractility was recorded by measuring the distance between the lattice disc 

and the well using Fiji-ImageJ (Figure 4.3). TGF-β1 significantly promoted the 

contraction ability of NTFs with time-dependent responses compared to their untreated 

counterparts. NTF322 showed a significant decrease in lattice disc at 48 h (2.6 ± 0.5mm) 
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and 72 h (3.6 ± 0.5mm) compared to the contraction in the first 24 h (2 ± 1mm; p<0.05). 

NTF6 demonstrated a marked gel contraction of (4 ± 0) mm (mean + SD) that was 

statistically significant at 48h and 72h (p<0.01). NTF10 exhibited the highest lattice 

contraction of 5 ± 0 mm (mean + SD) which peaked at 72 h. The difference between 

lattice contraction at 72 h and 24 h was significant (p<0.001). These findings represent 

the acquired mechanical property in NTFs following TGF-β1 stimulation, confirming the 

success in myofibroblastic model establishment. 

 

 

(A) 

 

 

(B) 
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(C) 

 

Figure 4.3: Matrix contraction ability of stimulated NTFs varies between different cultures. 

NTF322, NTF6, and NTF10 (2 x 104 cells) were seeded in 0.5 ml of collagen lattice solution in a 

24-well plate and left in the incubator for an hour at 37ºC. 1.0 ml of growth media was added on 

the top of the collagen gel lattice and the plate was incubated for 24 h. The next day, the cells 

were serum-starved for a further 24 h, then were treated with 5 ng/ml TGF-β1 before releasing 

the stressed gel matrix from the plate using a sterile spatula.  The gels were then incubated for 

72 h in the TGF-β1 stimulation experiment. Photographs of the gel disc were taken at 24 h, 48 h, 

and 72 h. TGF-β1 provoked actin fibre formation in NTFs that generated apparent mechanical 

stress across the collagen matrix. (A) Image of detached lattices after 72 h of TGF-β1 dose in 

NTF322, NTF6 and NTF10. (B) Gel contraction over time in NTF10. The black arrows illustrate 

the distances between the gel and the well border. The black dot line represent the gel disc. (C) 

Quantification of gel disc contraction used ImageJ.  Relative lattice contraction (mm) was 

obtained by measuring the distance between the gel and the well border. Error bars= SD of three 

repeats.   
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4.4.1.4 TGF-β1 induces stress fiber formation in NTFs 

Immunofluorescence assay was performed to visualise α-SMA fibre formation within the 

cells after being incubated with TGF-β1 for 48 h.  NTF322, NTF6, and NTF10 were 

incubated with primary FITC-conjugated ɑ-SMA antibody (1:100) for 1.5h. The intensity 

of FITC expression (green) for each NTF culture was quantified using Image J by 

including the same number of cells in the observed field (Figure 4.4). TGF-β1 treatment 

provoked α-SMA stress fibre formation in NTFs compared to untreated cells which 

demonstrated little or no detectable auto-fluorescence. TGF-β1-treated NTFs showed 

the typical spindle shape with strong green staining of α-SMA myofilaments along the 

cell axes, whereas central nuclei-stained blue with DAPI stain. NTF322 and NTF10 

demonstrated statistically significant increases in FITC expression compared to the 

untreated cells with an approximate 3-fold and 3.7-fold, respectively, whereas NTF6 

showed a faint FITC stain that was a 2 fold change compared with the control. 
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(B) 

Figure 4.4: ɑ-SMA fibre formation in NTFs in response to TGF-ꞵ1 stimulation. (A) 

Representative photomicrographs demonstrated α-SMA basal and induced expression in 

OPSCC NTFs. Top panel represent SMA expression (high power) in NTF6.  NTF322, NTF6, and 

NTF10. Cells were stimulated with 5ng/ml TGF-ꞵ1 for 48 h then stained with Anti-α-SMA FITC-

conjugated antibody (1:100). The slide was then mounted on a microscope coverslip using a DAPI 

containing mounting medium.  High-power image clarifying α-SMA structure within the cell. 

(Magnification 60x). Fluorescent images were taken using a Zeiss 880 Airy-Scan confocal 

microscope (Carl Zeiss) at 40x magnification. (B) Quantification for detected ɑ-SMA fibres by 

image quantification was performed using Fiji-ImageJ. The negative control for each cell line was 

processed. Statistical analysis was performed using Student’s t-test, and statistical significance 

is shown on the figure by *p<0.05. Error bars = SD for (N=3, n=3). 
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4.4.1.5 Potential alteration in NTFs’ secretory profile upon TGF-β1 
stimulation 

We performed IL-6 ELISA analysis to evaluate the changes in the secretory profile of 

stimulated NTF322, NTF6 and NTF10 following TGF-β1 incubation for 24h, 48h and 72h. 

NTF322 revealed a time-dependent increase in IL-6 production in both treated and 

untreated cells that peaked at 72 h (2.5 ± 1.4 pg/ml and 2.8 ± 0.8 pg/ml, respectively). 

By comparison to its counterpart, NTF322 showed no statistically significant difference. 

 

NTF6 and NTF10 showed the highest amount of IL-6 at 48h (6.9 ± 1.2 pg/ml and 4.7 ± 

0.05 pg/ml, respectively). NTF6 demonstrated a significant elevation in IL-6 when 

compared to controls at 48 h and 72 h time points (p<0.05), while NTF10 displayed a 

significant difference in IL6 expression at 48 h only (p<0.05). Variation in IL-6 amount 

production indicated the heterogeneity among NTFs cultures in response to TGF-β1 

stimulation. 
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(C) 

Figure 4.5: Variation in IL-6 upregulation in NTFs following TGF-β1 stimulation. NTF 322, 

NTF 6, and NTF 10 were treated with 5 ng/ml TGF-β1 for 24 h, 48 h, and 72 h after being starved 

for the serum for 24 h. The media was collected and subjected to IL6 ELISA analysis. Untreated 

cells were included as a negative control. (A) IL-6 ELISA analysis for NTF322. (B) IL-6 ELISA 

analysis for NTF6. (C) IL-6 ELISA analysis for NTF10. Y-axis denotes standardised IL-6 

concentration in pg/ml. Dot bars denote the untreated fibroblasts. IL-6 concentrations were 

optimised according to a fibroblast density of 10,000 cells. Statistical analysis was performed 

using Student’s t-test, and statistical significance is shown on the figure by *p<0.05. Error bars = 

SD for (N=3, n=3). 
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4.4.2 Establishment of a senescent-CAF model using NTFs 

Fibroblasts within the tumour microenvironment undergo phenotypic changes as a result 

of cellular stress and ageing which affect the growth and proliferation of the cells. 

Senescent fibroblasts adopt a specific phenotypic state which is characterised by growth 

arresting and metabolic active secretome. These cellular alterations are evident by an 

upregulation in CDK inhibitors and changes in the expression profile that is known by the 

senescence-associated secretory phenotype (SASP). IL-6 is considered a canonical 

inflammatory factor among SASP (Naugler and Karin, 2008). An increase in β-gal 

enzyme activity also is considered a hallmark of senescence.  

In this section, we started by determining the senescence status of NTF322, NTF6 and 

NTF10 at the basal level, followed by premature senescence induction using DNA 

damaging agent (H2O2) and following the previously optimised protocol from our lab in 

NOFs (Kabir et al., 2016). NTFs were incubated with a single sublethal dose of H2O2 

(500mM) for 2 h, then maintained for 14 days with subculture at day 8. During this time, 

cells were incubated with normal growth media. On the last day, SA-β-gal assay was 

used to determine the percentage of the induced senescent cells. Trypan blue stain was 

used to ensure cells’ vitality at the end of the experiment.  

Notably, compared with untreated NTFs under the light microscope, H2O2-treated 

cultures demonstrated an alteration in cell morphology (Figure 4.6). NTF322 treated cells 

showed a larger, bulbous appearance with dark, prominent cytoplasm. NTF6-treated 

cells appeared more flattened with poorly defined edges and NTF10 cells displayed more 

heterogenicity in shape with more granular cytoplasm.  Trypan blue percentages were 

negligible in treated NTFs cultures, indicating cell vitality upon H2O2 treatment. NTF322 

(5% ± 0.5), NTF6 (3% ± 1) and NTF10 (6.3%± 0.5) (mean ± SD). 

 

4.4.2.1 SA-β-gal positivity in PIS 

 At basal levels, NTFs showed low percentages of SA-β-gal stained cells. NTF322: 2.3% 

± 0.21, NTF6: 3.2% ± 0.14 and NTF10: 3.7% ± 0.14 (mean ± SD). Following H2O2 

treatment, the percentage of SA-β-gal positivity increased dramatically in all NTFs 

cultures. NTF322 (59% ± 4.2) (p<0.01), NTF6 (65.6 ± 3.7) (p<0.001), and NTF10 (73 ± 

1.4) (p<0.001) (Figure 4.6). 
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(D) 

Figure 4.6: Senescence status in NTFs. Images representing SA-β-gal stain at basal level and 

after H2O2 treatment in (A) NTF322, (B) NTF6, (C) NTF10 cells. Image 1, illustration for cell 

morphology at normal conditions. Image 2, SA-β-gal stain at normal conditions. Image 3, cell 

morphology upon H2O2 treatment. Image 4, SA-β-gal stain upon H2O2 treatment. Magnifications 

10x and 20x. (D) Quantification of SA-β-gal stain. The proportion of stained cells (blue precipitate) 

in 3 random fields (magnification 20x and 40x). Statistical analysis was performed using Student’s 

t-test, and statistical significance is shown on the figure by **p<0.01, ***p<0.001. Error bars = SD 

for (N=3, n=3). 

 

4.4.2.2 Overexpression of CDK inhibitors in PIS 

p16 and p21 overexpression have been utilised widely as biomarkers in the detection of 

senescent cells in vitro and in vivo (Kabir et al., 2016; Prieto, Graves and Baker, 2020). 

Their expression is linked to activation of growth arrest mediated by pRB and p53, the 

major tumour-suppressor pathways. H2O2-treated NTFs demonstrated marked 

upregulation in p16 and p21 (Figure 4.7). 
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Figure 4.7: Western blot analysis of p21 and p16. NTF322, NTF6 and NTF10 were treated 

with a single dose of 500mM H2O2 for 2 h, then the culture was maintained for 14 days. Protein 

expression of 20 µg of whole cell lysate per lane using anti-p21 antibody or anti-p16 antibody. 

H2O2 treated NTFs expressed marked levels of p16 and p21.  

 

4.4.2.3 Upregulation of IL-6 secretion in PIS   

The most prominent cytokine of the SASP is IL-6, which has been associated with 

induced senescence in DNA damaging and oncogenic stress conditions. We quantified 

IL-6 expression in NTFs at basal level and after H2O2 induction using ELISA analysis 

(Figure 4.8). All H2O2-treated NTFs showed an upregulation in IL-6 production. NTF6 

and NTF10 showed a significant increase compared to controls (23.4 ± 1.1 and 17.7 ± 

1.3 respectively: p<0.01). However, NTF322 showed insignificant elevation statistically 

(5.1 ± 1.4: p>0.05). 
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Figure 4.8: Upregulation in IL6 production in NTFs following H2O2 exposure. NTF322, NTF6 

and NTF10 were treated with a single dose of 500mM H2O2 for 2 h, then the culture was 

maintained for 14 days. The media was collected and subjected to IL6 ELISA analysis. Untreated 

cells were included for the comparison. All treated NTFs showed an increase in IL-6 production. 

Samples number (n=6), Y-axis denotes standardised IL-6 concentration in Pg per ml. IL-6 

concentrations were optimised according to fibroblasts density at 10,000 cells. Statistical analysis 

was performed using Student’s t-test, and statistical significance is shown on the figure by 

**p<0.01, ***p<0.001. Error bars = SD for (N=3, n=3). 

 

4.4.3 Establishment of primary OPSCC CAF cultures  

To isolate stromal CAFs in the microenvironment of OPSCC, fragments of tonsillar tissue 

from tonsil HPV-positive carcinomas were subjected to collagenase I digestion. After 1 

week of the isolation procedure, CAF1 and CAF2 were seen outgrowing and remained 

attached to the culture plate. After establishing seeding and working stock of isolated 

CAFs, cultures were characterised according to their morphology, gene signature, and 

secretory profile. We tried to isolate further CAFs from fragments of the posterior third of 

the tongue tissue, however, the sample was small in size with little stromal portion. 
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4.4.3.1 Microscopic appearance of OPSCC CAFs 

Under the light microscope, CAF1 showed a mixture of long, spindle-shaped and flat 

irregular cells which varied in size. We noticed CAF1 tended to grow separately in 

random patterns, whereas CAF2 appeared more crowded and overlapped with larger 

volume and irregular morphology. At higher power examination, most CAF1 cells had a 

granular cytoplasm and enlarged nuclei with more than nucleolus. These microscopic 

features are distinct from NTFs which were included in this study. NTFs tend to have a 

smaller uniform appearance and form characteristic parallel arrays at the confluence 

(Figure 4.9).  
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Figure 4.9: Microscopic appearance for OPSCC CAFs and NTFs. Arrows demonstrate the 

vacuolated cytoplasm. Representative photos were taken with an Olympus BX51 optical 

microscope at 10X and 40X magnifications. 

 

4.4.3.2 Primary CAF culture purification  

Purification of isolated CAFs cultures was confirmed by excluding other cell 

contamination. CAF1 and CAF2 were harvested, and total RNA was extracted and 

quantified.  cDNA was constructed at volume 20 µl using 400ng RNA. qRT-PCR analysis 

was carried out for the target genes utilising ꞵ2m, the housekeeping gene, for result 

normalisation. NTF6 was included for the comparison.  

Epithelial cells were excluded by assessing the gene expression of Cytokeratin 6 (CK6). 

It is one of the epithelial cell biomarkers. Keratins are dense networks of intermediate 

filament proteins distributed throughout the cytoplasm of epithelial cells. Normal oral 

keratinocyte 8 (NOK8) was included as a positive control for the CK6 expression. qRT-

PCR analysis revealed marked expression of CK6 in NOK8 (2.89 ± 0.25), while CAF1 

and CAF2 showed a minimal amount of CK6 expression (0.02 ± 0.03) and (0.10 ± 0.004) 

CAF2 (confluent) NTF322 (confluent) 

CAF1 (Higher power) CAF2 (Higher power) 

https://en.wikipedia.org/wiki/Cytoplasm
https://en.wikipedia.org/wiki/Epithelial
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(mean± SD), respectively. The difference was statistically significant (p<0.001), 

indicating high CAF cultures purity without epithelial cell contamination (Figure 4.10).   

 

 

Figure 4.10: OPSCC CAFs clear of epithelial cell contamination. CAF1 and CAF2 were 

collected, and total RNA was extracted and quantified. qRT-PCR was performed with the 

constructed cDNA to amplify the CK6 gene. β2m was utilised for result normalisation. NOK8 

represents the positive control and NTF6 represents the negative control. CAFs culture exhibited 

negligible expression of CK6 suggesting cultural purity. Statistical significance is shown on the 

figure by ***p<0.001, using one-way ANOVA. Error bars = SD of (N=2, n=3).  

 

Immune cell contamination was excluded by assessing the gene expressions of HLA-

DR (Human leukocyte antigen–DR isotype). HLA-DR is a cell surface receptor that 

presents at the human leukocyte which is expressed at high levels on professional 

antigen-presenting cells, and T lymphocytes in some autoimmune diseases (Viallard et 

al., 2001). Monocyte-derived macrophage (MDM) was included as a positive control. 

MDM demonstrated relatively high gene expression (0.07 ± 0.01) compared to CAF1, 

CAF2, and NTF6 that showed no expression of HLA-DR. (0.000 ± 0.000) (mean± SD) 

(Figure 4.11). 
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Figure 4.11: OPSCC CAFs clear of immune cell contamination. CAF1 and CAF2 were 

collected, and total RNA was extracted and quantified. qRT-PCR was performed with the 

constructed cDNA to amplify the HLA-DR gene. β2m was utilised for result normalisation. MDM 

represents positive control. CAFs culture exhibited a negligible expression of HLA-DR. Statistical 

significance is shown on the figure by ***p<0.001, using one-way ANOVA. Error bars = SD of 

(N=2, n=3).  

 

Endothelial cells contamination was excluded by assessing CD31 expression which is 

known as (Platelet endothelial cell adhesion molecule, PECAM-1). It is found at 

endothelial cell intercellular junctions, also detected on the surface of platelets, 

macrophages and lymphocytes (van Mourik et al., 1985). Human Dermal 

Microvascular Endothelial Cells (HDMEC) was included as a positive control. HDMEC 

demonstrated relatively high gene expression (0.6 ± 0.12) compared to CAF1, CAF2, 

and NTF6 that showed no expression of CD31. (0.000 ± 0.000) (mean± SD) (Figure 

4.12). 

 

https://en.wikipedia.org/wiki/Endothelium
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Figure 4.12: OPSCC CAFs clear of endothelial cell contamination. CAF1 and CAF2 were 

collected, and total RNA was extracted and quantified. qRT-PCR was performed with the 

constructed cDNA to amplify the CD31 gene. β2m was utilised for result normalisation. HDMEC 

represents positive control. CAFs culture exhibited a negligible expression of HDMEC. Statistical 

significance is shown on the figure by ***p<0.001, using one-way ANOVA. Error bars = SD of 

(N=2, n=3).  

 

4.4.3.3 CAF biomarker expression 

CAF cultures were further explored for molecular characterisation to confirm the reactive 

nature of the CAFs and confirm their identity. A panel of biomarkers including α-SMA, 

FSP-1, FAP-ɑ, and PDGFRα were assessed at gene and protein levels. 

4.4.3.3.1 ɑ-SMA expression in OPSCC CAFs 

The basal level of expression in CAF1 and CAF2 was investigated using qRT-PCR and 

immunofluorescence assay. CAF2 showed a higher expression ɑ-SMA gene (2.1 ± 0.5 

fold) compared to CAF1 (0.4 ± 0.04) fold (mean± SD) (Figure 4.5). This pattern of 

expression was consistent with what we observed in ɑ-SMA immunofluorescence 

assessment. The tested cells revealed a heterogeneous expression pattern of ɑ-SMA 

stain, CAF2 displayed brighter green discrete fibers along the cell axes, whereas that 

was hardly detected in CAF1 using the same cell number in the examined field (Figure 

4.13). 
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To generate an in vitro model of myofibroblastic CAF phenotype, ɑ-SMA expression was 

induced further in CAFs using a single dose of TGF-β1 (5 ng/ml), following the previously 

optimised protocol from our lab (Abidin, 2017; Melling et al., 2018). Cells were serum-

starved then incubated with TGF-β1 for 48 h. TGF-β1 treatment resulted in a significant 

increase in ɑ-SMA expression in all treated cells compared with their untreated 

counterpart (p<0.05). CAF1 showed a significant increase in ɑ-SMA transcript 

expression of 4.5 ± 0.4 fold compared to β2m. CAF2 demonstrated a dramatic response 

to TGF-β1 that elevated ɑ-SMA expression to 34.7 ± 12 fold compared to β2m (Figure 

4.5). α-SMA staining was also evident and well-formed as cytoskeletal fibres were seen 

throughout the whole treated cell (Figure 4.14).   

 

 

Figure 4.13: α-SMA mRNA expression in OPSCC CAFs following TGFβ1 treatment. 

Assessment of basal αSMA mRNA (untreated cells) revealed significant expression in CAF2 

compared CAF1. CAFs (250,000 cells/ well) were seeded in 6 well plates, starved for serum (24 

h), then treated with TGFβ1 (5 ng/ml) for 24h. A significant upregulation in αSMA mRNA was 

seen in all tested cells (*=p<0.05), with the most striking increase in CAF2. Error bars= SD (N=3, 

n=3). Student’s t-test and one-way ANOVA were used for the statistical comparison.  
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(B) 

Figure 4.14: α-SMA immunofluorescence expression in OPSCC CAFs. (A)  

Immunofluorescent representative photomicrographs demonstrated α-SMA basal and induced 

expression in OPSCC CAFs. Cell induction was performed by TGF-β1 (5 ng/ml) incubation (48 

h).  CAF2 displayed evident basal α-SMA expression. Images were taken using a confocal 

microscope (Zeiss 880 Airy Scan). Magnification (40X). (B) Quantification for detected ɑ-SMA 

fibers by image quantification was performed using Fiji-ImageJ. Error bar= SD (N=3, n=3).  

 

4.4.3.3.2 FAP-ɑ biomarker expression in OPSCC CAFs 

FAP-ɑ (Fibroblast Activation Protein Alpha) is a transmembrane glycoprotein that is 

expressed by reactive stromal fibroblasts during an injury response, fibrosis and certain 

types of tumours including 90% epithelial cancers (Servais and Erez, 2013; Berdiel-Acer 

et al., 2014; Kalluri, 2016). In this study, CAF1 and CAF2 showed the highest expression 

of FAP-ɑ mRNA normalised to β2m, (0.50 ± 0.09) and (0.42 ± 0.04), respectively, while 

NTF6 expressed the lowest value (0.26 ± 0.09) (mean ± SD) (Figure 4.15 A). This 

difference was statistically significant compared with CAF1 and with all tested cells 

(p<0.05). FAP-α immunofluorescence staining was observed in all tested cells in a 

relatively homogenous pattern using a fluorescent-labelled antibody (Figure 4.15 B). 
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                                                            (A)                                                                 

 

(B) 

Figure 4.15: FAP-α expression in OPSCC CAFs. (A), FAP-α mRNA expression in CAF1, CAF2, 

and NTF6. Error bars= SD (N=2, n=3). CAF1 and CA2 showed significant FAP-α expression 

compared to NTF6 (*p<0.05). Student’s t-test and one-way ANOVA were used for the statistical 

comparison. (B), Immunofluorescence staining of FAP-α, all tested cells exhibited evident 

homogenous FAP-α protein using (1:100) anti-FAP-α monoclonal antibody. Images were taken 

using a confocal microscope (Zeiss 880 airy Scan). Magnification (x40). 
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4.4.3.3.3 PDGFRα biomarker expression in OPSCC CAFs 

PDGFRα (platelet-derived growth factor receptor A or α) is a tyrosine-protein kinase that 

acts as a transmembrane protein receptor and is involved in the regulation of embryonic 

development, cell proliferation, and chemotaxis (Gotlib and Cools, 2008). It is expressed 

more widely over the larger fibroblast population than more specific biomarkers such as 

α-SMA. In this study, CAF2 demonstrated the highest expression of PDGFR1 mRNA 

(~0.22 fold). CAF1 and NTF6 showed relative expression of 0.13±0.12 fold and 0.12± 

0.04 fold, respectively.  None of these differences was statistically significant. (Figure 

4.16 A). Immunofluorescent staining showed a punctate pattern within the cell cytoplasm, 

however, as the nuclei also showed antibody positivity there is most likely significant 

non-specific staining (Figure 4.16 B).  

 

 

(A) 



148 

 

 

(B) 

 Figure 4.16: PDGFRA expression in OPSCC CAFs. (A), PDGFRA mRNA expression in CAF1, 

CAF2, and NTF6. All tested cells showed a comparable level of expression. Student’s t-test and 

one-way ANOVA were used for the statistical comparison. Error bars= SD (N=2, n=3). (B), 

Immunofluorescence staining of PDGFRA. CAF1 and CAF2 showed stained granular structures 

within their cytoplasm, however, this is most likely a non-specific reaction. Images were taken 

using a confocal microscope (Zeiss 880 airy Scan). Magnification (x40). 
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4.4.3.3.4 FSP-1 biomarker expression in OPSCC CAFs 

FSP-1 protein, (Fibroblast-specific protein 1) also called S100A4, is a calcium-binding 

protein localised in the cytoplasm and nucleus of a wide variety of cell types including 

CAFs. It is involved in cell differentiation and cell cycle progression (Cajone and Sherbet, 

1999). In the tumour microenvironment, FSP-1 derived-CAFs are linked to cancer cell 

invasion and metastasis, and they are considered an important factor in promoting 

cancer cell growth (Grum-Schwensen et al., 2005; Park, Jung and Koo, 2016). In this 

study, there was a trend towards higher FSP-1 mRNA levels in CAF1 and CAF2 (0.08 ± 

0.06 and 0.09 ± 0.02 fold respectively when compared to β2m), while NTF6 showed the 

lowest expression (0.04 ± 0.01) (mean ± SD) (Figure 4.17, A). However, there was no 

statistically significant difference between the tested cells following student’s t-test and 

one-way ANOVA test. The immunofluorescent analysis shows widespread expression 

throughout the cytoplasm and nucleus, with little on the cell membrane, which would be 

the predicted localisation. Again, it is likely that this pattern of expression is non-specific 

(Figure 4.17, B), but this could not be improved despite many optimisations.  

 

 

 

(A)  
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              (B) 

Figure 4.17: FSP-1 expression in OPSCC CAFs. (A), FSP-1 mRNA expression in CAF1, CAF2, 

and NTF6. Error bars= SD (N=2, n=3). CAF1 and CA2 showed higher FSP-1 expression 

compared to NTF6. Student’s t-test and one-way ANOVA were used for the statistical 

comparison. (B), Immunofluorescence staining of FSP-1. All tested cells exhibit evident 

homogenous FAP-α protein cytoplasmic and nuclear expression using (1:100) anti-FSP-1 

monoclonal antibody. Images were taken using a confocal microscope (Zeiss 880 airy Scan). 

Magnification (x40). 

 

4.4.4 Evaluation of senescence in OPSCC CAFs 

The heterogeneity in senescence among CAFs populations has been reported in OSCC-

derived CAFs (Patel et al., 2018). Herein, we evaluated the senescence status of isolated 

CAFs by assessing senescence features. CAF primary cultures showed a variable 

percentage of SA-β-gal positivity. CAF1 populations exhibited (39% ± 1.4) of SA-β-gal 

stained cells, while only 0.5% ± 0.3 of CAF2 cells stained (Figure 4.18).  
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                            (A) 

 

(B) 

Figure 4.18: Senescence status in OPSCC CAFs. (A) Images representing SA-β-gal stain in 

CAFs at the basal level (magnification x20). Cells were seeded into a 12 well plate at a density of 

10,000 cells/well. Next day, cells were washed with PBS, fixed, and stained with X-gal staining 

solution for 24 h. (B) Quantification of SA-β-Gal stain. The number of stained cells (blue 

precipitate) in 3 random fields (magnification x20). CAF1 showed the highest percentage of 

senescence. Error bar = SD of (N=3, n=3). Student’s t-test used for the comparison. *p<0.05. 

. 

CAF1 CAF2 
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4.4.4.1 Growth kinetic of OPSCC CAFs 

To assess the proliferation ability, cells were seeded at a density of 5,000 cell/ml in 6 

well-plate with 2ml growth media. Every 2 days, cells from one well of the 6 well-plate 

were detached and counted. By monitoring cells’ duplication rate over 12 days, CAFs 

and NTF6 showed a doubling in culture density on day 4, after being adapted to new 

cultures. Differences in proliferation rates between cultures were observed clearly at day 

12, however, this difference was not statistically significant (p> 0.05) (Figure 4.19). 

 

 

Figure 4.19: Growth kinetics of OPSCC CAFs. 5,000 cells of CAF1, CAF2, and NTF6 were 

plated into 6-well plates and incubated with the growth media. Cell counting was performed at 

two-day time intervals. CAF1 showed the slowest proliferation rate. Each line on the figure 

represents the mean of the relative cell number. Error bar = SD of three independent experiments. 

 

4.4.4.2 IL-6 secretory profile in OPSCC-derived CAFs 

The IL-6 ELISA assay was used to assess the basal secretory level of IL-6 in CAF1 and 

CAF2 (Figure 4.20). Both CAF1 and CAF2 produced higher concentrations of IL6 

compared to NTF6 (p<0.01). CAF2 showed the highest value with (103.5 ± 19), however, 

that was not statistically significant compared with CAF1 (77.5 ± 10.6) (p>0.05). 
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,  

Figure 4.20: IL6 production in OPSCC CAFs. CAF1 and CAF2 showed significantly higher IL-

6 concentration than NTF6. Samples number (n=3), Y-axis denotes standardised IL-6 

concentration in pg per ml. IL-6 concentrations were optimised according to fibroblasts density at 

10,000 cells. Student’s t-test and one-way ANOVA were used for the statistical comparison. Data 

represent the mean of (N=3, n=3). Error bars= SD. **p<0.01. 

 

 

 

 

 

 

 

 

 

 

 



154 

 

4.5 Discussion  

The purpose of this work at the beginning of our research was to establish a strong 

framework of understanding in OPSCC fibroblast phenotypes, as that has not been done 

before. Exploring the similarity or diversity of OPSCC fibroblast from OSCC fibroblasts 

is an essential step in investigating the role of the OPSCC TME in HPV-positive and 

HPV-negative OPSCC subtypes. 

 

In this chapter, we established in vitro models of the myofibroblastic-CAF phenotype and 

senescent-CAF phenotype derived from NTFs. The myofibroblastic phenotype was 

generated using a single dose of TGF- β1 (5 ng/mL) and confirmed by assessment of de 

novo ɑ-SMA gene and protein expressions. Premature induced senescent phenotype 

was induced using hydrogen peroxide (500 µM) and assessed by evaluating SA-β-gal 

activity and confirmed by assessment of p21, p16, and IL-6 expressions. The 

heterogeneity in fibroblasts’ responses was an evident feature in both models.  

 

Furthermore, we established primary CAFs cultures isolated from HPV+ tonsillar 

carcinomas. The molecular assessment of CAF cultures including CK6, HLA-DR and 

CD31 revealed the purity of other cell lineage contamination, while expression of FSP-1 

and PDGFR confirmed the fibroblast identity. Most importantly, significant FAP-α 

expression in CAF1 and CAF2 in relation to NTF6 indicated CAFs’ active status. 

Heterogeneity was evident in CAFs cultures too; CAF1 exhibited the senescent-CAF like 

feature by demonstrating a high ratio of SA-β-gal precipitation (39% ± 1.4) compared to 

CAF2’s low SA-β-gal percentage (0.5% ± 0.3). Another evident difference was observed 

in α-SMA upregulation on comparison of CAF1 and CAF2. The latter showed significant 

overexpression of α-SMA that was sensitive to further stimulation following a single dose 

of TGF-β1. 

 

4.5.1 Established CAF myofibroblastic phenotype in OPSCC 

We established an activated tonsil myofibroblastic model derived from NTFs, following 

the previous protocol in our lab in NOFs activation. Cells were stimulated with 5 ng/ml 

TGF-β1 at different time points, then the activation status was evaluated by analysing α-

SMA expression. NTFs phenotype differentiation was validated by assessing the 

alterations in cells' mechanical and secretory properties. The results showed a 

remarkable upregulation of de novo α-SMA at gene and protein levels after TGF-β1 
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stimulation which mostly peaked at 48h, with a corresponding increase in cytoskeletal 

fibers formation. Stimulated NTFs were also able to generate enough contractile force to 

shrink the stressed collagen lattice using collagen gel contraction assay. This activation 

was associated with slightly increased IL-6 production in NTF10 and NTF6 compared 

with untreated counterparts.  

 

TGF-β1 has been shown to promote fibroblast differentiation to myofibroblast phenotype 

in vivo and vitro (Desmouliere et al., 1993; Vaughan, Howard and Tomasek, 2000; 

Mellone et al., 2016). However, it is believed that TGF-β1 requires mechanical stress 

alongside to enhance cell differentiation. The mechanical stress promotes the 

differentiation into proto-myofibroblasts which are characterised by fibronexus adhesion 

complexes, fibronectin production and stress fiber formation (Tomasek et al., 2002). In 

presence of TGF-β1, proto-myofibroblasts become able to differentiate into a 

myofibroblastic phenotype that can exert contractile force on ECM, the feature that 

defines the contraction phase in wound healing process (Hinz et al., 2001). This 

description was observed clearly using the collagen gel contraction assay. NTFs were 

placed under a mechanical tension in the attached collagen lattice with the presence of 

TGF-β1. Once the collagen pad was released, the transformed myofibroblasts generated 

a contractile force in the collagen pad which reduced the disc diameter. 

 

In comparison with NOFs, our findings are in keeping with previous reports from our 

lab (Abidin, 2017; Melling et al., 2018). 5ng/ml of TGF-β1 was sufficient to upregulate α-

SMA expression in a time-dependent manner that peaked at 48h. This pattern of 

expression was also reported by Evans et al. (2003) and Zhang et al. (2005). The 48h 

time-duration may reflect the length of the negative feedback loop mediated by Smad7, 

the inhibitory regulator (Kavsak et al., 2000). In human peritoneal mesothelial cells, 

Smad2/3 (TGF-β1 receptors) was phosphorylated and upregulated 15 min after the 

stimulation with 5ng/ml of TGF-β1.  The Smad2/3 phosphorylation level is increased, 

allowing translocation into the nucleus where it provokes target genes transcription 

(Zhang et al., 2005). As a feedback circuit, Smad7 is upregulated simultaneously with 

Smad 2/3 activation, acting on TGF- degradation. Smad7 was observed reaching a 

remarkable level after 24h of TGF-β1 stimulation and peaked at 48h. 

  

Similar to NOFs, not all the tested NTFs cultures responded equally to TGF-β1. α-SMA 

showed variable levels of expression at gene and protein levels. This observation also 

was consistent with Chaudhri et al. (2013), supporting the previous data that α-SMA 

expression is diverse per cell. Cell-to-cell variation is described among the tissues in 
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terms of gene expression profile, morphology, and function, which might reflect the 

variations in response between NTFs cultures (Yuan et al., 2017). Fibroblast passage 

and TGF-β1 freshness also were considered factors (Chen and Thibeault, 2012a). 

 

4.5.2 Establishment of an NTF senescent phenotype 

Senescence can occur as a result of exposure to a variety of intracellular and 

extracellular stimuli, including DNA damage, telomere shortening, oncogenic stress, and 

Reactive Oxygen Species (ROS). Senescence status is characterised by cellular 

proliferation arrest accompanied by a range of morphologic, molecular, and behavioural 

changes that have been tentatively adopted as hallmarks for senescence. Here, in this 

section, we established and characterised a model of PIS in NTFs using Hydrogen 

peroxide which has been widely used to provoke persistent DNA damage response in a 

variety of cell types (Frippiat et al., 2001, 2002).  

 

To date, there is no specific biomarker for senescent cell detection, as there are many 

non-specific cellular changes that occur as a response to cellular stress. In practice, 

observing three signs collectively was recommended for senescence detection in vivo 

and in vitro (Sharpless and Sherr, 2015; Fafián-Labora and O’Loghlen, 2020). Lysosomal 

biogenesis enhancement is one hallmark of senescence. It results in the upregulation of 

lysosome number and content that can be observed clearly in the cell cytoplasm. 

Increase in the activity of the lysosomal enzyme SA-β-gal is utilised widely as a surrogate 

biomarker for senescence. In the earliest passage of tested NTFs, SA-β-gal percentages 

were negatable, however, following H2O2 treatment NTFs demonstrated a significant 

amount of accumulated β-galactosidase in their cytoplasm. The exact mechanism 

behind this phenomenon is still obscure; a recent report linked GLB1, the SA-β-gal 

enzyme coding gene, with the NOTCH1 pathway. NOTCH signalling has been reported 

to promote a type of cellular senescence (NOTCH-induced senescence) with 

characteristic SASP components (Kagawa et al., 2015; Hoare et al., 2016).  

 

Having mentioned above that none of the senescence biomarkers is specific, high 

lysosomal activity and accumulation of SA-β-gal also have been identified in non-

senescence cells. The stressed culturing condition was described as a reason in β-

galactosidase accumulation. Figure 4.21 shows an example of SA-β-gal stain 

overexpression in an early passage culture of NTF6 after having been grown to over-

confluence.  
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Figure 4.21: Confluent NTF6 culture demonstrates high SA-β-gal positivity. Early passage 

culture of NTF6 was grown to confluence with the media changed every 5 days. SA-β-gal 

assessment revealed a high proportion of SA-β-gal staining cells. (Magnification x10). 

 

Morphological alterations and growth arrest are the observed features in senescent cells 

(Chandrasekhar, Sorrentino and Millis, 1983). An increase in cell size has been linked to 

the activation of mTOR pathway that integrates various stress signals (Lloyd, 2013). 

mTOR was found to be activated in response to premature senescence stimuli 

(Blagosklonny, 2012), in addition to normal ageing as a response to growth factors 

decline (Loffredo et al., 2013). Moreover, alterations in the cellular shape of the 

senescent cells were reported as a consequence of cytoskeletal microfilaments 

rearrangement; particularly, the production of vimentin is promoted by ATF6/NF-kB 

signalling pathway during senescence (Druelle et al., 2016).  

 

Morphological features have been observed more clearly in CAF1 and CAF2 cultures in 

early passages, although CAF2 demonstrated low SA-β-gal positivity and exhibited 

evident active myofibroblastic phenotype profile by expressing FAP-ɑ and ɑ-SMA. 

Changes in normal fibroblast morphology upon the activation and α-SMA upregulation 

were monitored thoroughly in Desai et al.’s work (Desai, Hsia and Schwarzbauer, 2014) 

which indicated morphological changes are not a specific hallmark for the senescent 

cell.  
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Stable cell cycle arrest is another characteristic feature in senescent cells. It is mediated 

by activation of cell cycle proteins Rb and p53 and results in the engagement of various 

cyclin-dependent kinase inhibitors including CDKN2A, CDKN2B, and/or CDKN1A which 

encoding p16, p15, and/or p21 proteins, respectively. However, they are not senescence 

specific biomarkers, they were also detected in non-dividing somatic cells (Fafián-Labora 

and O’Loghlen, 2020). Both p16 and p21 over expressions were observed clearly at gene 

and protein level in H2O2-treated NTFs in this study.  

 

Although senescent cells are arrested cells, they are metabolically hyperactive 

compared to cells under normal conditions (James et al., 2015). They are known for their 

ability to produce a plethora of factors called collectively SASP which is considered the 

‘soul’ of senescence. SASP contents are not constant, they vary according to fibroblast 

cell and culturing conditions (Coppé et al., 2008). However, IL6 is considered a core 

cytokine secreted by senescent cells in both ageing and induced senescence. 

Quantification of IL6 production was our tool to assess the SASP secretory profile; we 

observed a significant IL6 overproduction in H2O2-induced NTFs compared by the 

control. This observation is in parallel with many other studies which have utilised IL-6 

overexpression as a senescence biomarker (Acosta et al., 2008; Bhaumik et al., 2009). 

 

Collectively, NTFs demonstrated CAFs senescence-phenotype like features following 

the treatment of DNA damaging agent. The senescent status induction was confirmed 

by observing the senescence hallmark features simultaneously, including SA-β-gal high 

positivity, p16/p21 over-expression, and IL-6 overproduction. 

 

4.5.3 CAFs isolation and characterisation  

In HNSCC, the most common approach in CAFs isolation is the explant technique with 

or without further enzymatic digestion (Custódio, Biddle and Tavassoli, 2020). This 

technique allows fibroblasts only to outgrow rather than another cell lineage. Other 

methods, including flow cytometry and differential trypsinization, also were utilised in 

CAF isolation (Johansson et al., 2012; Li et al., 2014). The lack of specific biomarkers 

for CAFs poses a challenge while considering a purified CAF culture. CAFs can originate 

from different sources and that might explain the variety of biomarker expression which 

is shared with the other cells from the same origin (Orimo and Weinberg, 2007; Cirri and 

Chiarugi, 2012; Shiga et al., 2015). The anatomical position and morphological 
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appearance were considered by many authors as characteristic features for CAFs 

identification (Liu et al., 2006; Potdar and Chaudhary, 2017). In this study, cells were 

isolated from fragments from tonsillar carcinoma using the enzymatic digestion method. 

Under the light microscope, CAFs revealed a distinctive morphology compared with 

NTFs. CAFs appeared flat, larger with variable shapes, and contained dark vacuolated 

cytoplasm. Notably, in high-density culture, CAFs crowd together in a disorderly manner, 

lacking the characteristic regular array pattern that specifies NTFs at confluency.  

However, in practice, CAF isolation is based on a consensus of other lineage exclusion 

combined with mesenchymal biomarker positivity (Xing, 2010; Ishii, Ochiai and Neri, 

2016). Lack of expression for epithelial, leukocyte, and endothelial biomarkers is the 

preferred approach to exclude CAFs culture contamination and confirm cultural 

homogeneity (Potdar and Chaudhary, 2017). The negativity of CK6, HLA-DR, and CD31 

biomarkers confirmed CAF purification in this study; meanwhile, confirming CAFs’ 

identity is a more challenging process. 

A number of the cell surface, extracellular, and intracellular proteins have been utilised 

to identify CAFs; nevertheless, to date, there is no specific biomarker for CAFs (Biffi and 

Tuveson, 2021). The positivity of mesenchymal biomarkers such as FSP-1, vimentin, 

and fibronectin provides sufficient evidence for CAFs' identity (Sugimoto et al., 2006). 

However, we should be aware these biomarkers are not specific for CAFs, they are also 

expressed by other cell types sharing the mesenchymal origin, including adipocytes, 

chondrocytes, and osteocytes (Ishii, Ochiai and Neri, 2016). Herein, both CAF1 and 

CAF2 showed a transcript positive for FSP-1 and PDGFRα biomarkers and their 

expressions were comparable to NTF6. Both biomarkers have been used collectively in 

vitro and in vivo studies for CAFs identification (Tomasek et al., 2002; Dangi-Garimella 

et al., 2011, 2013). Although FSP-1 is considered a specific biomarker for both normal 

and activated fibroblasts (Strutz et al., 1995), confirmation of another lineage 

contamination is still recommended. PDGRFs are general, stable biomarkers for 

fibroblasts at different environmental conditions (Madsen et al., 2015). However, they 

lack specificity for CAF detection, indicating an overall fibroblast population present in 

the tumour (Gascard and Tlsty, 2016).  

α-SMA and FAP-α expression/overlapping expression were used widely for activated 

fibroblast identification in wound healing, fibrosis, and tumours (Park et al., 1999; Serini 

and Gabbiani, 1999; Tchou et al., 2013; Kilvaer et al., 2015). However, recent 

accumulating evidence using scRNA-seq technique and multicolour flow cytometry 
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(Costa et al., 2018; Jackson et al., 2020) raised concerns regarding the specificity of 

some classic-CAFs; for instance, α-SMA expression was reported in other lineages such 

as pericyte, while its expression was lacking in other CAFs subtypes (Alarcon-Martinez 

et al., 2018; Bartoschek et al., 2018; Costa et al., 2018). FAP-α protein expression was 

also reported in several types of cells other than CAFs, including immune cells and 

certain cancer cells (Kikuchi et al., 2006; Österreicher et al., 2011). 

 

From the above, CAFs identification based on a combination of morphological 

appearance and a biomarker definition is a reliable practical approach. Following this 

method, we achieved pure primary CAF cultures of OPSCC. Although we observed a 

molecular heterogeneity in CAFs that originated from the same OPSCC subtype, 

similarities of CAFs signatures across different malignancies were reported recently 

using scRNA-seq (Salgueiredo-Giudice et al., 2011; Puram et al., 2018; Davidson et al., 

2020). Analysing the shared features in fibroblast from different tumour types may reveal 

a new promising therapeutic approach. 

 

4.5.4 OPSCC CAF phenotypes 

The reasons behind CAFs’ phenotypic heterogeneity have been studied intensively in 

the literature. Extracellular matrix composition and elasticity were reported as main 

factors directing CAFs phenotypic heterogeneity in the presence of TGF-ꞵ1 signalling 

(Chen and Thibeault, 2012b). In the Avery et al. study, fibroblast activation status was 

assessed on substrata of defined stiffness and composition. Low-stiffness ECM with 

high-fibronectin content was sufficient to drive FAPHi - α-SMAlow active phenotype 

development; meanwhile, high-collagen I in stiff ECM enhanced FAPlow- α-SMAHi 

myofibroblastic phenotype formation. Interestingly, each subtype of these activated 

fibroblasts has its gene expression signature which indicates distinct functionality in vitro. 

FAPHi activated fibroblasts displayed an ECM synthetic and proteolytic gene profiling 

property, whilst α-SMAHi reactive fibroblast showed a contractile and proliferative gene 

signature (Avery et al., 2018).  

 

Heterogeneity of CAFs subtypes was also correlated to the spatial distribution of the 

CAFs in tumour tissue specimens. In pancreatic ductal adenocarcinoma, CAFs 

population that showed upregulation of myofibroblasts biomarkers, such as α-SMA, was 

found to be located adjacent to cancer cells, while CAFs population with inflammatory 

secretion profile, such as IL-6, was located farther away, surrounded by dense stroma 
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(Biffi et al., 2019). Types of tumour and variation among patients were also proposed as 

factors regulating CAFs’ phenotypic diversity (Bozõky et al., 2013).  

 

In human cancer, two CAF phenotypes have been reported consistently in the literature, 

the myofibroblastic and non-myofibroblastic. Both phenotypes were described with 

characteristic features and linked to specific roles in TME. In this study, characterisation 

of CAFs phenotypes revealed heterogeneity among CAFs cultures that was evident in 

α-SMA expression levels and SA-β-gal stain positivity. CAF2 demonstrated active 

myofibroblast-like features by showing low SA-β-gal stain and expressing relatively high 

levels of α-SMA and FAP-α biomarkers. Interestingly, it exhibited a significant 

overexpression of α-SMA upon TGF-β1 induction compared with NTF6. A similar 

observation was reported by Kojima et al. (2010) suggesting a greater individual variation 

of α-SMA expression in CAFs than normal fibroblasts. Across various cancer types, the 

myofibroblastic CAF-phenotype is characterised by ECM signature; it becomes involved 

in tumour progression by generating an increasing tension in the stroma and promoting 

tumour cell invasion and metastasis (Levental, K. Yu, 2010; Lu, Weaver and Werb, 

2012).  Clinically, the significance of SMA-positive CAF in the tumour’s stroma was linked 

with the poor survival rates. 

 

CAF1 showed a senescent phenotype by displaying a significant uptake of SA-β-gal stain 

(39% ± 1.4). However, senescent fibroblasts commonly co-express a high level of α-

SMA. Interestingly, CAF1 showed low α-SMA basal level, and also showed the lowest 

value in gene upregulation in response to TGF-β1 compared with CAF2 and NTF6. This 

observation was consistent with Mellone and team’s findings in HNSCC-derived CAFs; 

they reported a weaker correlation between co-expression of SMA and SA-β-gal in 6 

strains of CAFs (r2=0.32) compared to 6 normal fibroblast cultures (r2=0.82). This 

inconsistency of co-expression was linked to the greater heterogeneity in CAFs 

population (Mellone et al., 2016).  

Generally, non-myofibroblastic CAFs share senescent fibroblast features. Senescence 

is considered a highly productive inflammatory phenotype sharing similar transcriptional 

profiles and signalling pathway activation, including interleukin, NF-kB and NOTCH 

pathways (Kuilman et al., 2008; Chien et al., 2011; Hoare et al., 2016). This difference 

in secretory profile supports our observations in the CAFs established models, as IL-6 

production was higher in the PIS model than the myofibroblastic model.  
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Moreover, non-myofibroblastic CAFs display a lower proliferation rate compared to 

myofibroblastic CAFs (Biffi et al., 2019). CAF1 had a low proliferation rate compared to 

CAF2, particularly at higher passages, although statistically, this difference was not 

significant. Functionally, in the tumour stroma, non-myofibroblastic CAFs secrete 

inflammatory SASP-like products and their pro-tumorigenic effects have been described 

(Krtolica et al., 2001). However, much work is required to understand the effects of 

inflammatory CAF-secreted factors on tumorigenicity (Biffi and Tuveson, 2021). 

 

4.6 Limitations 

We are aware although in vitro monolayer 2D cultures of fibroblasts can be useful to 

investigate some biological aspects of CAF, however, it has been reported that the 

transcriptome of CAFs cultured in vitro does not recapitulate the heterogeneity of CAFs 

in vivo (Puram et al., 2018). Other approaches, such as a short-term co-cultures that 

retain all cell populations found in tumours, of liquid-air interface models (Neal et al., 

2019) and multi-cell-type three-dimensional bio-printed tissues (Langer et al., 2019) are 

being implemented and optimised.  

According to the CAFs isolation protocol (Enzymatic digestion approach), a 

heterogeneous population of CAFs was isolated.  Theoretically, CAFs were isolated and 

characterised in a population of different subtypes from the single tumour. Among this 

isolated population, CAFs might display heterogeneity in the phenotypes and that might 

explain the percentage of the senescent population in CAF1 culture. Single-cell 

resolution techniques including laser microdissection, pressure catapulting and 

fluorescence-activated cell sorting provide the advantage of isolating a pure cell 

population for molecular comparisons. 

 

4.7 Summary of main findings and clinical implications 

Using NTFs, myofibroblastic and senescent models were established and characterised. 

The comparison between these models and previously established models derived from 

oral fibroblasts revealed no differences in the developed phenotypes in responses to 

TGF-β1 and H2O2 stimuli although they were extracted from different anatomical 

locations. This observation indicates that the biological differences in OPSCC subtypes 
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are mainly attributed to cancer cells and their capacity in modulation the underlying 

microenvironment. 

 

Two OPSCC-derived CAF cultures, originating from HPV-driven tumours, were 

established and characterised. To the best of knowledge, this is the first time CAFs were 

extracted from HPV-associated OPSCC. Establishment of OPSCC-CAFs cultures 

provides the opportunity for further investigations in vitro to understand OPSCC tumour 

cells and CAF crosstalk. 

 

Recognition of CAF characteristics in different phenotypes provides a framework for 

better understating of CAFs’ role in OPSCC. Moreover, it highlights the need to consider 

multiple parameters for the analysis of CAF activation.  
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Chapter 5: Cytokine array analysis of tumour cells and 

fibroblast crosstalk 
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5.1 Introduction   

“No tumour is an island, entire of itself; every tumour is a piece of a continent.”  This 

quote is a paraphrase of the famous quote written by the English poet John Donne 

(Custódio, Biddle and Tavassoli, 2020). It summarises the available knowledge on 

epithelial solid tumour development and progression as dysfunctional tissues as a whole 

rather than an accumulation of a critical number of mutations in tumour cells (Hanahan 

and Weinberg, 2011). Efforts to develop cancer therapies have mainly been concerned 

with the malignant cell component, although non-malignant cells in the underlying tumour 

microenvironment (TME) substantially contribute to the progression of the tumour and 

cancer therapy resistance. In the last decade, there has been an increasing focus on the 

non-malignant mesenchymal components within the TME intending to understand the 

biology of complex interactions with the neighbouring malignant cells.  

The TME consists of several cell types which encompass fibroblasts, in addition to other 

immune cells, pericytes, endothelial cells, adipocytes, mesenchymal cells, in addition to 

the extracellular matrix. These normal residents in the tumour stroma have the capability 

to be stimulated by tumour cells and differentiate into more tumour-supportive 

phenotypes, especially, those demonstrating a cellular senescence-status (Lawrence et 

al., 2015). Induction of an activated CAF phenotype and the potentiation of tumour cell 

behaviour involves crosstalk between the TME and cancer cells. The cytokines TGF-β1, 

TNF-a and IL-1ɑ/β have been reported as epithelial cancer-derived factors in CAF 

activation. CAFs, in turn, secrete several factors includes TNF-a, IL-1ɑ/β, CCL7, 

Collagen 1, Activin A, , SDF-1, MMPS, IL-33, PGE2, HGF, and PDGF which have been 

implicated in tumour invasion, metastasis and resistance to cancer therapy (Leef and, 

Thomas, 2013; Togo et al., 2013; Sun et al., 2012). 

However, little is known about the role of the tumour microenvironment in HPV-positive 

and HPV-negative OPSCC subtypes. Much is unclear regarding the specific pathways 

of stromal activation and if this has a pivotal role in tumour cells modulation, regardless 

of HPV status. Previous work from our lab demonstrated evident differences between 

OPSCC subtypes in term of stroma modulation (Bolt et al., 2018; Peacock et al., 2018). 

Conditioned media-derived from HPV-negative cell lines (SCC89 & SCC72) and HPV-

positive cell lines (SCC90 & SCC2) were subjected to cytokine analysis previously in our 

lab using Raybiotech C2000 Human Cytokine Arrays (Raybio-technology, Norcross, 

USA, cat number: AAH-CYT-2000). (Appendix A.3) (Bolt, 2016). HPV-negative cell lines 

produced higher amounts of cytokines than the HPV-positive cells.  nevertheless, further 
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work is required to understand the early events in tumour-stroma activation and identify 

novel candidates facilitating the cellular crosstalk.   
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5.2 Aims 

• To explore the secretome mediated crosstalk between tonsil derived fibroblasts 

and HPV-positive and HPV-negative OPSCC subtypes. 

 

5.3 Experimental approach and statistical analysis 

• Modelling of tumour-stroma interaction was established by incubating OPSCC 

fibroblasts for 24h with conditioned media collected from HPV-positive SCC 

(SCC2) or HPV-negative OPSCC cell lines (SCC89) (M1). This incubation was 

followed by another 24h incubation with serum-free media (M2) (Figure 5.1). 

Media collected from these interactions was subjected to cytokine multiplex array 

technique to screen a wide panel of cytokines that may play a role in the activated 

microenvironment. 

 

Figure 5.1: Illustration for conditioned media procedure. A, cell line conditioned 

media collection. B, Stimulation of fibroblast by cell line media and collection of the 

stimulated fibroblasts media (M1). C, incubation of fibroblast with normal media to get 

media2 

 

• An interactive co-culture model consisting of HPV-positive OPSCC or HPV-

negative OPSCC cell lines and OPSCC fibroblasts was performed using culturing 
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inserts (pores size= 0.4 μm) to validate the array results and identify which cell 

was contributing particular cytokines to the secretome (Figure 5.2). 

 

 

Figure 5.2: Illustration of transwell co-culture model. 

 

• Statistically, detection of non-normality is less likely among the data due to small 

sample numbers, however, Shapiro-Wilk test was used to check the normality 

due to its high sensitivity. For the comparison between two normally distributed 

samples’ mean, two-tailed unpaired t-test was used. In multiple data sets, one-

way analysis of variance (ANOVA) was used.  

 

• Data were presented graphically illustrating the mean with error bars 

demonstrating the standard deviation (SD). The probability of similar random 

result detection (p-value) was considered significant if (p<0.05). “N” followed by 

a number denotes the biological repeats, while “n” denotes the technical repeats. 

Data were analysed using Graph-pad prism versions 7-9.  
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5.4 Results  

5.4.1 Cytokine analysis of OPSCC fibroblasts media following 

stimulation with OPSCC cell lines media 

5.4.1.1 CAF1  

From the previous observations in chapter 4, CAF1 demonstrated senescent-like 

features by displaying a high percentage of SA-gal and low proliferation rate. The basal 

secretory profile of CAF1 cells was determined by incubating the cells with normal growth 

media (Figure 5.3) or serum-free media (Figure 5.4). Noted from visual inspection and 

densitometry analysis, MMP2 was the only factor was detected under both conditions.  

 

(A) 

 

(B) 

Figure 5.3 A & B: Cytokine Array analysis of CAF1 conditioned normal growth media (M1). 

(A) Representative image of the developed CAF1-M1 cytokine membrane. (B) The array map. 

The blue and yellow boxes in the array map denote the positive and negative array controls, 

respectively. Red box denotes factors present in CAF1-M1 conditioned media. Only CCL2 and 

MMP2 were detected. 
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(C) 

Figure 5.3 C: Cytokine Array analysis of CAF1 conditioned normal growth media (M1). (C) Densitometry analysis of factors detected in CAF1-M1 conditioned 

media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive control value that is used as a reference for 

result optimisation between the membranes. (NC) denotes array negative control spots. CCL2 and MMP2 showed expression relative to the reference bar.  
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(A) 

 

 

 

     (B) 

 

Figure 5.4 A & B: Cytokine Array analysis of CAF1 serum-free conditioned media (M2). (A) 

Representative image of the developed CAF1-M2 cytokine membrane. (B) The array map (Right). 

The blue and yellow boxes in the array map denote the positive and negative array controls, 

respectively. Red box denotes factors present in CAF1-M2 conditioned media. Only MMP2 showed 

expression on the array membrane.  
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(C) 

Figure 5.4 C: Cytokine Array analysis of CAF1 serum-free conditioned media (M2). (C) Densitometry analysis of factors detected in CAF1-M2 conditioned 

media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive control value that is used as a reference for 

result optimisation between the membranes. (NC) denotes array negative control spots.  MMP2 showed a modest expression compared to the reference bar. 
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Incubation of CAF1 with HPV-negative OPSCC cell line conditioned media (SCC89) 

demonstrated production of a larger number of cytokines with variable uptake densities, 

including CSTD, GM-CSF, IL-6, IL-8, KLK6, CCL2, MMP2, MMP3, OPN, GEP, SPARC 

and VEGF (Figure 5.5). Incubation of CAF1 with serum-free media following SCC89 

media stimulation revealed upregulation in CAF1 secretory profile includes CTSB, IL-6, 

IL-8, CCL2, MMP2, MMP3, GEP, SER, and SPARC (Figure 5.6). 

 

 

(A) 

  

(B) 

Figure 5.5 A & B: Cytokine Array analysis of conditioned media taken following CAF1 stimulation 

with SCC89 CM (M1). (A) Representative image of the developed cytokine membrane for CAF1 media 

after SCC89 CM treatment (B) The array map. The blue and yellow boxes in the array map denote the 

positive and negative array controls, respectively. The red box denotes factors present in CAF1-SCC89-

M1 conditioned media.  Numerous cytokines showed densitometry uptakes, with CSTD, CCL2, MMP2 

and MMP3 displaying strong intense spots compared to other factors. 
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(C) 

Figure 5.5 C: Cytokine Array analysis of conditioned media taken following CAF1 stimulation with SCC89 CM (M1). (C) Densitometry analysis of factors 

detected in CAF1-SCC89-M1 conditioned media. Bars represent the mean densitometry values of each duplicate repeat spot. (Ref) denotes a positive control value 

that is used as a reference for result optimisation between the membranes. (NC) denotes array negative control spots. Analysis reveals varying levels of cytokine 

expression in SCC89-CAF M1. CCL2 and MMP2 showed the highest level of expression compared to other cytokines and compared by other factors in CAF1 M1.
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(A) 

 

 

(B) 

 

Figure 5.6 A&B: Cytokine Array analysis of CAF1 serum-free conditioned media following 

SCC89 CM stimulation (M2). (A) Representative image of the developed cytokine membrane 

for CAF1 serum-free media following SCC89 CM treatment. (B) The array map. The blue and 

yellow boxes in the array map denote the positive and negative array controls, respectively. The 

red box denotes factors present in CAF1-SCC89-M2 conditioned media. Relatively fewer 

cytokines are expressed compared to SCC89-CAF1 M1. The CCL2, MMP2 and MMP3 spots 

showed the highest intensity compared to other factors.  
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(C) 

Figure 5.6 C: Cytokine Array analysis of CAF1 serum-free conditioned media following SCC89 CM stimulation (M2). (C) Densitometry analysis of CAF1-

SCC89-M2 conditioned media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive control value that is 

used as a reference for values normalisation. (NC) denotes array negative control spots. A number of cytokines showed expression with fewer expression values 

compared to M1 conditioned medium. 
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The HPV-positive SCC2 cell line conditioned media induced less cytokine secretion from 

CAF1, namely, CSTD, IL-6, CCL2, MMP2, MMP3, SerpinE and VEGF (Figure 5.7). Also, 

fewer cytokines were detected in CAF1-M2 following SCC2 conditioned media 

stimulation including MMP2, MMP3, SerpinE and SPARC (Figure 5.8). 

 

 

 

(A)

 

(B) 

 

Figure 5.7 A & B: Cytokine Array analysis of conditioned media taken following CAF1 

stimulation with SCC2 CM (M1). (A) Representative photo for developed cytokine membrane 

for CAF1 media after SCC2 CM treatment. (B) The array map. The blue and yellow boxes in the 

array map denote the positive and negative array controls, respectively. The red box denotes 

factors present in CAF1-SCC2-M1 conditioned media. A relatively low number of cytokines 

uptakes. MMP2 and CCL2 displayed more intense spots. 
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(C) 

Figure 5.7 C: Cytokine Array analysis of conditioned media taken following CAF1 stimulation with SCC2 CM (M1). (C) Densitometry analysis 

of CAF1-SCC2-M1 conditioned media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive 

control value that is used as a reference for values normalisation. (NC) denotes array negative control spots. Fewer cytokines were identified in 

SCC2-CAF1 M1 compared to SCC89 CM. CCL2 and MMP2 showed a slight elevation upon SCC2 CM culture.  
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(A) 

 

 

(B) 

 

Figure 5.8 A & B: Cytokine Array analysis of CAF1 serum-free conditioned media following 

SCC2 CM stimulation (M2). (A) Representative image of the developed cytokine membrane for 

CAF1 serum-free media following SCC2 CM treatment. (B) The array map. The blue and yellow 

boxes in the array map denote the positive and negative array controls, respectively. The red box 

denotes factors present in CAF1-SCC2-M2 conditioned media. A reduced number of cytokines 

were expressed, with weak signals. 
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(C) 

Figure 5.8 C: Cytokine Array analysis of CAF1 serum-free conditioned media following SCC2 CM stimulation (M2 (C) Densitometry analysis of CAF1-SCC2-

M2 conditioned media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive control value that is used as 

a reference for values normalisation. (NC) denotes array negative control spots. Slight elevation of MMP2 is noted followed by MMP3, Serpin E1 and SPARC.
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5.4.1.2 CAF2 

In characterisation work in chapter 4, CAF2 showed myofibroblastic phenotype features 

by expression high level of ɑ-SMA and low SA-β-gal percentage. The basal secretory 

profile of CAF2 cytokine was determined by incubating the cells with normal growth 

media (Figure 5.9) or serum-free media (Figure 5.10). MMP2 and SPARC were only the 

detectable factors by CAF2.  

 

 

(A) 

 

 

(B) 

 

Figure 5.9 A & B: Cytokine Array analysis of CAF2 conditioned media (M1). (A) 

Representative image of the CAF2-M1 developed cytokine membrane. (B) The array map. The 

blue and yellow boxes in the array map denote the positive and negative array controls, 

respectively. Red box denotes factors present in CAF2-M1 conditioned media.  The large dark 

spots relate to CCL2 and MMP2. Weak expression of SPARC was detected.    
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(C) 

Figure 5.9 C: Cytokine Array analysis of CAF2 conditioned media (M1). (C) Densitometry analysis of factors detected in CAF2-M1 conditioned media. Bars 

represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive control value that is used as a reference for result 

optimisation between the membranes. (NC) denotes array negative control spots.  MMP2, CCL2 and SPARC were the detected factors in CAF2 M1. 
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(A) 

 

 

(B) 

 

Figure 5.10 A & B: Cytokine Array analysis of CAF2 serum-free conditioned media (M2). 

(A) Representative photo for CAF2-M2 developed cytokine membrane. (B) The array map. The 

blue and yellow boxes in the array map denote the positive and negative array controls, 

respectively. Red box denotes factors present in CAF2-M2 conditioned media. Evident 

expression of MMP2 spots is observed. Hints of SPARC expression was detected using 

densitometry analysis. 
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(C) 

Figure 5.10 C: Cytokine Array analysis of CAF2 serum-free conditioned media (M2). (C) Densitometry analysis of factors detected in CAF2-M2 conditioned 

media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive control value that is used as a reference for 

result optimisation between the membranes. (NC) denotes array negative control spots. The basal CAF2 secretome consists of MMP2 and low levels of SPARC.      
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The cytokine expression profile of CAF2 culture stimulated with SCC89 conditioned 

media demonstrated a relatively high number of cytokines with variable densities, 

namely, CSTD, GM-CSF, C-Met, IL-6, IL-8, KLK6, CCL2, MMP2, MMP3, OPN, GEP, 

SerpinE, SPARC and VEGF (Figure 5.11). The range of cytokines identified in CAF2 

culture is reduced after replacing the SCC89 conditioned media with serum-free media 

and includes IL-6, IL-8, CCL2, MMP2, MMP3, and SPARC (Figure 5.12). 

 

 

(A) 

 

 

(B) 

Figure 5.11 A & B: Cytokine Array analysis of conditioned media taken following CAF2 

stimulation with SCC89 CM (M1). (A) Representative photo for developed cytokine membrane 

for CAF2 media after SCC89 CM treatment. (B) The array map. The blue and yellow boxes in the 

array map denote the positive and negative array controls, respectively. The red box denotes 

factors present in CAF2-SCC89-M1 conditioned media. Many cytokines were expressed with 

varied intensity. CCL2, MMP2 and CSTD were the larger dark spots. 
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(C) 

Figure 5.11 C: Cytokine Array analysis of conditioned media taken following CAF2 stimulation with SCC89 CM (M1). (C) Densitometry analysis of factors 

detected in CAF2-SCC89-M1 conditioned media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive 

control value that is used as a reference for result optimisation between the membranes. (NC) denotes array negative control spots A wide variety of cytokines 

were detected, comparable to SCC89-CAF1 M1 densitometry analysis (Figure 5.3 C). 

. 
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(A) 

 

 

(B) 

 

Figure 5.12 A & B: Cytokine Array analysis of CAF2 serum-free conditioned media 

following SCC89 CM stimulation (M2). (A) Representative image of the developed cytokine 

membrane for CAF2 serum-free media following SCC89 CM treatment. (B) The array map. The 

blue and yellow boxes in the array map denote the positive and negative array controls, 

respectively. The red box denotes factors present in CAF”-SCC89-M2 conditioned media. A 

reduced number of cytokines were detected, varying in intensity compared to M1.  
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(C) 

Figure 5.12 C: Cytokine Array analysis of CAF2 serum-free conditioned media following SCC89 CM stimulation (M2). (C) Densitometry analysis of CAF2-

SCC89-M2 conditioned media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive control value that is 

used as a reference for values normalisation. (NC) denotes array negative control spots. MMP2, CCL2 showed the highest expression. IL6 and IL8 were expressed 

at a comparable level to SCC89-CAF2 M1. 
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Similar to our observation in CAF1 stimulation, the SCC2 cell line conditioned media 

induced less cytokine secretion from CAF2 cells during the stimulation time (CAF2-M1), 

namely CSTD, IL-6, CCL2, MMP2, MMP3, SPARC and VEGF (Figure 5.13). Also, fewer 

cytokines were noted in CAF2-M2 following SCC2 conditioned media stimulation, 

including MMP2, MMP3, CCL2 and SPARC (Figure 5.14). 

 

 

(A) 

 

 

(B) 

Figure 5.13 A & B: Cytokine Array analysis of conditioned media taken following CAF2 

stimulation with SCC2 CM (M1). (A) Representative image of the developed cytokine membrane 

for CAF2 media after SCC2 CM treatment. (B) The array map. The blue and yellow boxes in the 

array map denote the positive and negative array controls, respectively. The red box denotes 

factors present in CAF2-SCC2-M1 conditioned media. Only CCL2 and MMP2 showed strong 

intense spots. Other cytokines present with weak spot intensity.  
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(C) 

Figure 5.13 C: Cytokine Array analysis of conditioned media taken following CAF2 stimulation with SCC2 CM (M1) (C) Densitometry analysis of CAF2-

SCC2-M1 conditioned media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive control value that is 

used as a reference for values normalisation. (NC) denotes array negative control spots. Compared with basal secretion, CCL2 and MMP2 showed upregulation 

in production, however, a slight elevation was noticed in other upregulated cytokines. 
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(A) 

 

(B) 

Figure 5.14 A & B: Cytokine Array analysis of CAF2 serum-free conditioned media 

following SCC2 CM stimulation (M2). (A) Representative image of the developed cytokine 

membrane for CAF2 serum-free media following SCC2 CM treatment. (B) The array map. The 

blue and yellow boxes in the array map denote the positive and negative array controls, 

respectively. The red box denotes factors present in CAF2-SCC2-M2 conditioned media. MMP2 

was the most prominent spot followed by CCL2 and SPARC. A weak signal was detected in the 

MMP3  location. 
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(C) 

Figure 5.14 C: Cytokine Array analysis of CAF2 serum-free conditioned media following SCC2 CM stimulation (M2). (C) Densitometry analysis of CAF2-

SCC2-M2 conditioned media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive control value that is 

used as a reference for values normalisation. (NC) denotes array negative control spots. 4 cytokines only were upregulated upon CAF2 stimulation with SCC2.  
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5.4.1.3 NTF322 

NTF322 conditioned media revealed a number of upregulated cytokines including, IL6, 

CCL2, MMP2, SerpinE, SPARC and VEGF (Figure 5.15) However, NTF322 serum-free 

media exhibited a relatively higher basal secretory profile which consists of MMP3, 

SerpinE, SPARC and low levels of DCN (Figure 5.16).  

 

 

(A) 

 

 

(B) 

 

Figure 5.15 A & B: Cytokine Array analysis of NTF322 conditioned media (M1). (A) 

Representative image of the NTF322-M1 developed cytokine membrane. (B) The array map. The 

blue and yellow boxes in the array map denote the positive and negative array controls, 

respectively. Red boxes denote factors present in NTF322-M1 conditioned media. 
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(C) 

Figure 5.15 C: Cytokine Array analysis of NTF322 conditioned media (M1). (C) Densitometry analysis of NTF322-M1 conditioned media. Bars 

represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive control value that is used as a reference 

for values normalisation. (NC) denotes array negative control spots.  MMP2 is the factor identified at the highest level in NTF322-M1.  
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(A) 

 

 

(B) 

Figure 5.16 A & B: Cytokine Array analysis of NTF322 serum-free conditioned media (M2). 

(A) Representative image of the NTF322-M2 developed cytokine membrane (B) The array map. 

The blue and yellow boxes in the array map denote the positive and negative array controls, 

respectively. Red boxes denote factors present in NTF322-M2 conditioned media. Only MMP2 

spots showed strong expression, other cytokines expressed weak signals.  
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(C) 

Figure 5.16 C: Cytokine Array analysis of NTF322 serum-free conditioned media (M2. (C) Densitometry analysis of NTF322-M2 conditioned media. Bars 

represent the mean of densitometry values of each array duplicate repeat spot. (Ref) denotes a positive control value that is used as a reference for values 

normalisation. (NC) denotes array negative control spots.  
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Incubation of NTF322 with SCC89 cell line media resulted in the production of a number 

of cytokines, seen with variable uptake density on the array, including CSTD, GM-CSF, 

IL-6, IL-8, KLK6, CCL2, MMP2, MMP3, OPN, GEP, SPARC and VEGF (Figure 5.17). 

Incubation of NTF322 with serum-free media following SCC89 conditioned media 

stimulation revealed upregulation in NTF322 secretory profile represented by CTSB, 

DCN, IL-6, IL-8, CCL2, MMP2, MMP3, GEP, and SPARC (Figure 5.18). 

 

 

(A) 

 

 

(B) 

Figure 5.17 A & B: Cytokine Array analysis of conditioned media taken following NTF322 

stimulation with SCC89 CM (M1). (A) Representative image of the developed cytokine 

membrane for NTF322 media after SCC89 CM treatment (B) The array map. The blue and yellow 

boxes in the array map denote the positive and negative array controls, respectively. The red box 

denotes factors present in NTF322-SCC89-M1 conditioned media. A number of duplicated spots 

expressed at different size and intensity.  
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(C) 

Figure 5.17 C: Cytokine Array analysis of conditioned media taken following NTF322 stimulation with SCC89 CM (M1). (C) Densitometry 

analysis of NTF322-SCC89-M1 conditioned media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) 

denotes a positive control value that is used as a reference for values normalisation. (NC) denotes array negative control spots. CCL2, MMP2 and 

CSTD were the highest secreted factors. 
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(A) 

 

 

(B) 

  

Figure 5.18 A & B: Cytokine Array analysis of NTF322 serum-free conditioned media 

following SCC89 CM stimulation (M2). (A) Representative image of the developed cytokine 

membrane for NTF322 serum-free media following SCC89 CM treatment (B) The array map. The 

blue and yellow boxes in the array map denote the positive and negative array controls, 

respectively. The red boxes denote factors present in NTF322-SCC89-M2 conditioned media. A 

lesser number of cytokines is expressed compared to M1. 
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(C) 

Figure 5.18: Cytokine Array analysis of NTF322 serum-free conditioned media following SCC89 CM stimulation (M2). (C) Densitometry 

analysis of NTF322-SCC89-M2 conditioned media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) 

denotes a positive control value that is used as a reference for values normalisation. (NC) denotes array negative control spots. 
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Cytokine analysis of SCC2 cell line conditioned media and NTF322 culture revealed a 

smaller range cytokine secretion including CSTD, DKK1, IL-6, IL-8, LDC, CCL2, MMP2, 

GEP SerpinE and VEGF when compared to SCC89-NTF322 (Figure 5.19). Also, fewer 

cytokines were noted in NTF322-M2 following SCC2 conditioned media stimulation 

including DCN, MMP2, SerpinE and SPARC (Figure 5.20). 

 

 

 

(A) 

 

 

(B) 

Figure 5.19 A & B: Cytokine Array analysis of conditioned media taken following NTF322 

stimulation with SCC2 CM (M1). (A) Representative image of the developed cytokine membrane 

for NTF322 media after SCC2 CM treatment (B) The array map. The blue and yellow boxes in 

the array map denote the positive and negative array controls, respectively. The red boxes denote 

factors present in NTF322-SCC2-M1 conditioned media. A larger number of factors are 

expressed. IL6 and VEGF are the most prominent spots following CCL2, MMP2 and CTSB. 
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(C) 

Figure 5.19 C: Cytokine Array analysis of conditioned media taken following NTF322 stimulation with SCC2 CM (M1). (C) Densitometry analysis of NTF322-

SCC2-M1 conditioned media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) denotes a positive control value that is 

used as a reference for values normalisation. (NC) denotes array negative control spots. 
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(A) 

 

 

(B) 

 

Figure 5.20 A & B: Cytokine Array analysis of NTF322 serum-free conditioned media 

following SCC2 CM stimulation (M2). (A) Representative image of the developed cytokine 

membrane for NTF322 serum-free media following SCC2 CM treatment. (B) The array map. The 

blue and yellow boxes in the array map denote the positive and negative array controls, 

respectively. The red box denotes factors present in NTF322-SCC2-M2 conditioned media. Less 

factors expressed compared by M1. 
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(C) 

Figure 5.20 C: Cytokine Array analysis of NTF322 serum-free conditioned media following SCC2 CM stimulation (M2). (C) Densitometry 

analysis of NTF322-SCC2-M2 conditioned media. Bars represent the mean of densitometry values of each array’s duplicate repeat spot. (Ref) 

denotes a positive control value that is used as a reference for values normalisation. (NC) denotes array negative control spots. MMP2 is the 

prominent cytokine following SCC2 media stimulation.  
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5.4.2 A summary of cytokine array analysis 

Data presented in the previous cytokine arrays analysis is summarised in the following 

tables. Tables 5.1- 5.3 summarise cytokines production in response to M1 in all tested 

OPSCC fibroblasts. Tables 5.4-5.6 summarise cytokines production in OPSCC 

fibroblasts response to M2. 

Table 5.1: Summary of cytokines produced in M1: CAF1 incubated with SCC89 or 

SCC2 conditioned media. 

 

 

Table 5.2: Summary of cytokines upregulated in CAF2 during incubation with 

SCC89 or SCC2 conditioned media (M1). 
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Table 5.3: Summary of cytokines produced during the incubation of NTF322 with 

SCC89 or SCC2 conditioned media (M1). 

 

 

Table 5.4: Summary of cytokines produced in CAF1 serum-free media following a 

period of SCC89 or SCC2 conditioned media stimulation (M2).  

 

 

 

Table 5.5: Summary of cytokines produced in CAF2 serum-free media following a 

period of SCC89 or SCC2 conditioned media stimulation (M2).  
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Table 5.6: Summary of cytokines produced in NTF322 serum-free media following 

a period of  SCC89 or SCC2 conditioned media stimulation (M2).  

 

 

From the above previous tables, we can conclude that M1 contained more cytokines 

compared to M2. The former consists of a mixture of cancer cell line conditioned media 

plus fibroblast media under the activation condition, while the latter represents fibroblasts 

media only after short incubation with OPSCC cell lines media. Moreover, all stimulated 

OPSCC fibroblasts stimulated secretion of a wide range of cytokines produced in 

response to SCC89, but much less so in response to SCC2. This remarkable difference 

was also evident when comparing the relevant  M1 and M2 analyses. 

OPN, KLK6 and GM-CSF were detected exclusively in SCC89 M1, and they were not 

observed in SCC2 M1. Furthermore, IL-6 and IL-8 were secreted exclusively from 

fibroblasts upon SCC89 conditioned media incubation (M2), and they were not 

expressed in response to SCC2 CM.  Other factors, including CCL2 and MMP3, were 

secreted in response to both OPSCC cell lines incubation. 

 

MMP2 was the detectable factor in CAF1 and CAF2 basal secretome that was 

upregulated during activation with cell line CM. However, stimulated CAF1 showed a 

wider range of cytokines produced in response to both cell lines stimulation compared to 

CAF2. Notably, NTF322 produces a wider range of cytokines at M2 than CAFs and 

showed relatively high cytokine production in reaction to SCC89 only. 
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5.4.3 OPN basal level in OPSCC 

OPN expression was assessed in additional OPSCC cell lines, SCC90 (HPV-positive 

cell line) and SCC72 (HPV-negative cell line). Firstly, we investigated OPN basal 

expression in all OPSCCs used in this study. qRT-PCR analysis showed differences in 

OPN expression between the four cell lines. SCC89 and SCC72 (HPV-negative) 

displayed higher values of OPN mRNA expression (relative to β2m). This difference was 

statistically significant compared to the HPV-positive cell lines SCC90 and SCC2 

(p<0.05) (Figure 5.21). 

 

Figure 5.21: High basal level of OPN mRNA in HPV-negative cell lines compared HPV-

positive cell lines. The cells pellets were collected, and RNA extraction was performed. cDNA 

was constructed at volume 20μl using 400ng of the RNA. OPN mRNA expression was analysed 

using the qRT-PCR technique. OPN fold change compared to ꞵ2m. Data represent the mean of 

(N=3,n=3). Error bars= SD. Statistical analysis was determined using two-tailed Student t-test 

with *p < 0.05. 

  

 

 

 

 



209 

 

5.4.4 Interactive co-culture validation for arrays findings  

The interactive approach was selected to validate the cytokine array findings and explore 

the molecular changes in the co-cultured cells. NTF10 were added to the interactive co-

culture experiment for further results validation.  

 

Transwell inserts (pore size 0.4 μm) were utilised in the co-culture model bringing the 

advantages of fluid movement and secretion transportation between two cultures 

through the pores in the membrane without direct physical contact. Cultivation in a 

separate compartment provides the feasibility of analysing the two cell types used in the 

experiment without adding additional steps for sorting the cells. To do so, 3x105 cancer 

cells were grown in growth media on cell culture inserts then co-cultured for 48h with 

50,000 cells of NTF3, NTF10, CAF1 or CAF2 plated in a 6-well plate. (NTF10 was added 

for further result validation). ELISA analysis was performed to detect and quantify the 

secreted cytokines in the co-culture media. Since the numbers of two cell populations 

were approximate in all models, target concentration was not subjected to cell number 

optimisation. qRT-PCR analysis was performed to identify the source of secretion in the 

co-culture model, also to provide an accurate comparison in target expression levels in 

monoculture and co-culture models.  

 

In the cytokine array analysis, OPN was produced in all M1s related to SCC89 only, not 

SCC2. Corresponding to this observation, IL-6 also was secreted particularly from 

SCC89-induced fibroblasts only. OPN and IL6 have been described in a few studies as 

candidates in a reciprocal communication loop between the tumour cells and CAFs in 

OSCC (Qin et al., 2018). Expression of OPN and IL6 in tumours have been associated 

with tumour cell migration, poor therapeutic response, and poorer clinical outcomes 

(Chen et al., 2013). CAF-derived IL6 enhances cancer cell metastasis and growth via 

induction of cancer-derived OPN transcription. Both candidates were suggested as 

prognostic biomarkers in a number of human tumours including OSCC, however, their 

expression patterns have not been investigated in OPSCC as yet.  Thus, OPN and IL6 

were selected for further molecular investigations in this research. 

 

 

 

 

 

 



210 

 

5.4.4.1 Osteopontin   

ELISA analysis 

To confirm the association between OPN and OPSCC subtypes, OPN ELISA analysis 

was used for media collected from OPSCC co-cultures. SCC89-fibroblast co-cultures 

demonstrated a higher level of OPN production while the majority of SCC2-fibroblast co-

cultures failed to produce a detectable amount of OPN using DuoSet ELISA set 

(sensitivity range 4000-62.5 pg/ml). The differences between co-cultured SCC89s were 

not statistically significant using One-way ANOVA (p>0.05). Figure 5.22 and Table 5.7 

illustrate OPN expression values in the co-culture models. 

 

 

Figure 5.22: Higher levels of OPN protein secretion in SCC89-fibroblast co-cultures than 

in SCC2-fibroblast co-cultures. SCC89 or SCC2 (3x105 cells) were co-cultured with OPSCC 

fibroblasts (CAF1, CAF2, NTF322, NTF10) (50,000 cells) using transwell insert (0.45 μm) for 48h. 

The collected media was subjected to OPN ELISA analysis. Samples number (n=8), Y-axis 

denotes standardised OPN concentration in Pg per ml. Blue bars denote SCC89 co-cultures. Red 

bars denote SCC2 co-cultures. Only SCC89 co-cultures showed apparent OPN expression. Error 

bars= SD. Data represent the mean of (N=3, n=3) in the attached table. Statistical analysis was 

determined using two-tailed Student t-test with *p < 0.05, **p < 0.01, ***p < 0.001. 
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Table 5.7: Summary of OPN ELISA findings in SCC89 & SCC2 co-culture models 

Co-culture model = (OPN mean ± SD) 

(Pg/ml) 

Co-culture model = (OPN mean ± SD) 

(Pg/ml) 

p value 

SCC89-CAF1 = (352.6 ± 83) SCC2-CAF1 = (0.0 ± 0.0) < 0.01 

SCC89-CAF2 = (690 ± 312.6) SCC2-CAF2 = (0.0 ± 0.0) < 0.05 

SCC89-NTF322 = (741.6 ± 272.5) SCC2-NTF322 = (8.2 ± 14.2) < 0.01 

SCC89-NTF10 = (874.5 ± 52.3) SCC2-NTF10 = (0.0 ± 0.0) < 0.001 

 

 

mRNA analysis (qRT-PCR) 

To identify the source of OPN secretion, qRT-PCR analysis was performed on RNA 

extracted from the co-cultured cells. ꞵ2m was selected as an internal reference gene to 

compare target expression in both populations as it showed a similar level of expression: 

mean of ꞵ2m ct value in fibroblasts was 16.69 ± 0.39, while in the cancer cell lines this 

was 16.8 ± 0.99. OPN qRT-PCR findings were as follows (Figure 5.23): SCC89 cells in 

different co-culture models were the main source of OPN production. Moreover, Among 

the co-cultured SCC89s, SCC89-CAF1 displayed the highest production of OPN while 

SCC89-NTF10 showed the lowest value. The differences between co-cultured SCC89s 

were statistically significant using one-way ANOVA test (p<0.05). Comparing OPN 

expression between SCC89 and SCC2 in co-culture models revealed statistically 

significant differences. (Table 5.8).  
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Table 5.8: Summary of OPN mRNA expression in SCC89s & SCC2s upon 

interactive co-culturing for 48h. 

(OPN mean ± SD) 

Fold change in relation to β2m 

(OPN mean ± SD) 

Fold change in relation to β2m 

p-value 

SCC89 (CAF1) = (0.025 ± 0.004) SCC2 (CAF1) = (0.0002 ± 0.0001) < 0.01 

SCC89 (CAF2) = (0.015 ± 0.004) SCC2 (CAF2) = (0.0001 ± 0.000) < 0.05 

SCC89 (NTF322) = (0.017 ± 0.001) SCC2 (NTF322) = (0.0001± 0.000) < 0.01 

SCC89 (NTF10) = (0.007 ± 0.001) SCC2 (NTF10) = (0.000 ± 0.000) < 0.01 
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Figure 5.23: Higher OPN mRNA upregulation in SCC89 than SCC2 from different fibroblasts co-culture models. SCC89 or SCC2 (3x105 cells) were co-

cultured with OPSCC fibroblasts (CAF1, CAF2, NTF322, NTF10) (50,000 cells) using transwell insert (0.45 μm) for 48h. The cells pellets were collected, and RNA 

extraction was performed. cDNA was constructed at volume 20μl using 500ng of the RNA. OPN mRNA expression was analysed using the qRT-PCR technique. 

Untreated cells were included for comparison. Blue bars denote HPV-negative co-cultures (SCC89). Red bars denote HPV-positive co-cultures (SCC2). Co-cultured 

SCC89s showed higher OPN mRNA expression compared to Co-cultured SCC2s. OPN fold change compared to ꞵ2m. Data represent the mean of (N=3, n=3) 

except co-cultured cancer cells (N=2.n=3). Error bars= SD. Statistical analysis was determined using two-tailed Student t-test with *p < 0.05 and **p < 0.01. 
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5.4.4.2 Interleukin -6 

ELISA analysis 

IL6 ELISA analysis provided further validation to arrays’ findings and demonstrated a 

difference between the co-culture models. SCC89 co-cultures showed higher IL6 

expression than SCC2 co-cultures and these differences presented statistically 

significant values (Table 5.9). Assessing the differences between SCC89 co-cultures, 

one-way ANOVA test revealed a significant difference (p<0.01) that also was observed 

between SCC2s co-cultures (p<0.001) (Figure 5.24). 

 

Table 5.9: summary of OPN ELISA findings in SCC89 & SCC2 co-culture models 

Co-culture model = (IL-6 mean ± SD) 

(Pg/ml) 

Co-culture model = (IL-6 mean ± SD) 

(Pg/ml) 

p value 

SCC89-CAF1 = (824.3 ± 75.2) SCC2-CAF1 = (357.4 ± 35.9) <0.001 

SCC89-CAF2 = (752.3 ± 425.7) SCC2-CAF2 = (270.4 ± 16.5) ns 

SCC89-NTF322 = (1276.8 ± 383) SCC2-NTF322 = (178.8 ± 20.3) < 0.01 

SCC89-NTF10 = (2277.7 ± 1166) SCC2-NTF10 = (439 ± 77.5) <0.05 
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Figure 5.24: Higher levels of IL-6 protein with SCC89-fibroblast co-cultures than SCC2-

fibroblast cocultures. SCC89 or SCC2 (3x105 cells) were co-cultured with OPSCC fibroblasts 

(CAF1, CAF2, NTF322, NTF10) (50,000 cells) using transwell inserts (0.45 μm) for 48h. The 

collected media was subjected to IL-6 ELISA analysis. Samples number (n=8), Y-axis denotes 

standardised IL-6 concentration in pg per ml. Blue bars denote SCC89 co-cultures. Red bars 

denote SCC2 co-cultures. SCC89 co-cultures showed higher IL-6 expression. Data represent the 

mean of (N=3, n=3). Error bars = SD. Statistical analysis was determined using two-tailed Student 

t-test with *p<0.05,   **p < 0.01 and ***p< 0.0001. 

 

mRNA analysis (qRT-PCR) 

IL-6 qRT-PCR analysis demonstrated that fibroblasts were the main source for IL-6 

production in the co-culture models. A specific association between IL6 mRNA 

expression and SCC89-fibroblast cultures was evident that showed significant 

differences statistically when compared with SCC2-fibroblast cultures. (Table 5.10) & 

(Figure 5.25). 
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Table 5.10: Summary of IL-6 mRNA expression in SCC89s & SCC2s upon 

interactive co-culturing for 48h. 

 

 

 

 

 

 

 

 

 

 

(IL-6 mean ± SD)  Fold change in 

relation to β2m 

(IL-6 mean ± SD)  Fold change in 

relation to β2m 

p-value 

CAF1 (SCC89) = (0.25 ± 0.07) CAF1 (SCC2) = (0.013 ± 0.013) < 0.05 

CAF2 (SCC89) = (0.08 ± 0.01) CAF2 (SCC2) = (0.005 ± 0.004) < 0.01 

NTF322 (SCC89) = (0.22 ± 0.03) NTF322 (SCC2) = (0.005 ± 0.005) < 0.001 

NTF10 (SCC89) = (0.12 ± 0.00) NTF10 (SCC2) = (0.011 ± 0.000) < 0.001 
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Figure 5.25: Higher IL-6 mRNA upregulation in SCC89 than SCC2 from different fibroblasts co-culture models. SCC89 or SCC2 (3x105 cells) were co-

cultured with OPSCC fibroblasts (CAF1, CAF2, NTF322, NTF10; 50,000 cells) using transwell insert (0.45 μm) for 48h. The cell pellets were collected, and RNA 

extraction was performed. cDNA was constructed using 500ng RNA and IL-6 mRNA expression was analysed using qRT-PCR. Untreated cells were included for 

comparison. Blue bars denote HPV-negative’s co-cultures (SCC89). Red bars denote HPV-positive’s co-cultures (SCC2). Co-cultured SCC89s showed higher IL-

6 mRNA expression compared to Co-cultured SCC2s. IL-6 fold change compared to ꞵ2m. Data represent the mean of (N=3,n=3), except co-cultured cancer cells 

(N=2,n=3). Error bars= SD. Statistical analysis was determined using two-tailed Student t-test with *p < 0.05 and **p < 0.01. 
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5.5 Discussion  

The purpose of this chapter is to identify novel candidates in the crosstalk between 

tumour cells and fibroblasts in the OPSCC subtypes. Our aim was based on the 

accumulating evidence on the pivotal role of CAFs in tumour development and 

progression and how that might relate to the distinct clinical courses of both OPSCC 

entities.   

 

Previous work from our research group demonstrated, for the first time, that HPV-

negative OPSCC cell lines, not HPV-positive, have a greater capacity to promote the 

secretion of pro-invasive secretome that includes HGF and IL-6 from normal oral 

fibroblasts. The effect of these factors was studied thoroughly using a 3D-model and 

further validated by using Foretinib, the clinically available c-MET inhibitor (Bolt et al., 

2018). Here, in this chapter, we identified further potential mediators of the initial 

crosstalk between fibroblasts and HPV-negative cell lines using cytokine expression 

profiling. We detected GM-CSF, OPN, and KLK6 as factors expressed exclusively with 

HPV-negative cell line co-cultures. Moreover, cytokine analysis of stimulated fibroblasts 

media demonstrated an alteration in their secretory profile to a more pro-inflammatory 

secretome that was characterised by IL6 and IL8 production. ELISA analysis on media 

from interactive co-culture provided validation for the previous findings, while further 

gene analysis of co-cultured cells revealed their sources of production.  

 

5.5.1 Cytokines expressed exclusively in HPV-negative cell line 

(M1)  

Many in vitro investigations demonstrated different approaches in normal fibroblasts 

activation, including co-culturing models with the cancer cells (Li, Zhou and Gao, 2018; 

Kim et al., 2019), incubation with tumour-derived microvesicles (Peacock et al., 2018; 

Jiang et al., 2019), and using activation and senescence inducers (Kabir et al., 2016; 

Kim et al., 2018; Melling et al., 2018; Wei et al., 2019). Upon co-culturing, activated 

fibroblasts demonstrated a group of changes including cell morphology (Kim et al., 2019), 

ECM proteins (Kaukonen et al., 2016), and miRNAs expression (Shen et al., 2017). In 

this study, the initial events in fibroblasts activation were observed through the passively 

co-cultured model by incubating the fibroblasts with cell line conditioned media for 24hr. 

We observed significant differences in cytokine production between HPV-positive and 
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HPV-negative OPSCC co-cultures as an early response. Densitometry analysis, the 

array analysis of HPV-negative cell line media with the included fibroblasts (SCC89-M1), 

exhibited expression of a plethora of cytokines, many of which are known for their 

association with the cellular senescence and ageing, namely, OPN, GM-CSF and KLK6 

which were detected exclusively in all HPV-negative co-culture media.  

 

OPN: is a pleiotropic phosphorylated glycoprotein that possesses numerous functions 

that have been involved in bone remodelling, inflammation and wound healing. In human 

cancers, OPN is considered a critical mediator of stromal-epithelial interactions both in 

vitro and in vivo (Pazolli et al., 2009). Overexpression of OPN has been reported for 34 

different types of human cancer implicated in invasion, angiogenesis and metastasis 

processes. Whole-genome transcriptional profiling for senescent fibroblasts identified 

OPN as one of the most highly elevated transcripts compared to the normal fibroblasts 

(Pazolli et al., 2009). OPN will be discussed in detail in Chapters 6 and 7. 

 

GM-CSF: The granulocyte-macrophage colony-stimulating factor (GM-CSF) is an 

essential regulator of granulopoiesis and neutrophil functions. It is produced by 

macrophages, fibroblasts and epithelial cells, playing an important role in inflammatory 

responses in autoimmune disease (Tlsty, 2001; Lotfi et al., 2019). In human tumours, 

GM-CSF is considered one of the core features of the SASP besides IL-6, IL-8, GRO-α, 

MCP-1 (Coppé et al., 2008). In HNSCC, high expression of GM-CSF significantly 

correlated with invasion and poor prognosis (Ninck et al., 2003).   

KLK6: Kallikrein is a subgroup of serine proteases. Kallikrein 6 (KLK6) is known to be 

an age-related protease expressed at high levels in the central nervous system and its 

level in the body fluids increases with age (Bayani and Diamandis, 2011). Dysregulation 

in KLK6 expression is a common feature in human tumours. It shows proteolytic 

properties in the degradation of ECM proteins in vitro (Ghosh et al., 2004). KLK6 also is 

implicated in tissue remodelling and promotes tumour progression via facilitating 

migration and invasion processes (Borgoño and Diamandis, 2004). Although KLK6 

overexpression was linked with worse clinical outcomes in ovarian and colorectal 

cancers (Shan et al., 2007; Inoue et al., 2010), in other carcinomas it has been found to 

be downregulated, such as in renal cell carcinoma and salivary gland tumours (Petraki 

et al., 2005; Darling et al., 2006).  
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5.5.2 Effects of OPSCC cells basal secretion in the results of M1 

analyses 

Understanding of the molecular and genetic changes associated with OPSCC subtypes 

might explain differences in M1 contents between SCC89 and SCC2. Over the last few 

decades, the genetic profile of OSCC has been well established (Kim and Califano, 2004; 

Hunter, Parkinson and Harrison, 2005). Master genetic changes in OSCC include 

changes at chromosomes 3p (telomerase repressor) (Cuthbert et al., 1999), 9p (INK4A 

locus) (Sharpless and Depinho, 1999) and 17p (p53) (Baker et al., 1989). These 

locations are essential checkpoints in cellular senescence and the cell cycle. In HPV 

positive HNSCC, the only occasional chromosomal loss has been detected, with these 

features outlined above impaired or bypassed by HPV oncogene expression. However, 

in HPV-negative HNSCC, gross deletions of whole or large parts of chromosomal arms 

are an early essential process for tumour formation (Braakhuis et al., 2004). Based on 

this understanding, oral dysplastic lesions and OSCC have been categorised according 

to their genome stability, related to the number of copy gene alterations, including loss 

of heterozygosity TP53 and CDKN2A. The genetically unstable subtype of OSCC (GU-

OSCC) is characterised by several genetic mutations and senescent status (Loughran 

et al., 1997; Weber et al., 1998; Pickering et al., 2014), while genetically stable OSCC 

(GS-OSCC) has fewer genetic alterations/mutations and retains wild type p53 (Agrawal 

et al., 2011; Stransky et al., 2011; Pickering et al., 2014). HR-HPV-associated SCC is 

considered a genetically stable tumour, harbouring less genetic mutation and loss of 

heterozygosity on chromosome 3p and retaining active p53 and pRb pathways 

(Braakhuis et al., 2004; Parkinson, James and Prime, 2016).  

It is believed that the genetic stability status exerts remarkable impacts on the evolving 

microenvironment. Signalling pathways via Ras, p53, p21, and p16 generates a high 

level of Reactive Oxygen Species (ROS), which are considered potentially critical factors 

for the induction and maintenance of cellular senescence (Lawless et al., 2012). CAF 

senescence is a characteristic early event in GU-OSCC which is thought to be a 

consequence of the exposure to tumour-derived ROS, besides the effects of chemicals 

toxins in tobacco cigarettes (Coppé et al., 2008; Salem, Sotgia and Lisanti, 2013; 

Hassona et al., 2014).  

In distinction, GS-OSCC demonstrates an intact senescence programme owing to 

relatively low levels of ROS production (Parkinson, James and Prime, 2016), additionally, 

to the low production of the inflammatory-mediator (IL-1β) within tumour-derived 
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secretome. IL-1 is a master regulator in senescence, allowing spread from cell to cell in 

TME via a paracrine pathway (Costea et al., 2013). It is considered the key to 

establishing an inflammatory TME (Wu et al., 2016). In published work from our 

lab, HPV-negative OPSCC cell lines (SCC89 and SCC72) expressed a remarkable level 

of IL-1β production which, in turn, promoted significant upregulation of a broad spectrum 

of CXC, CX3CL and CCL chemokines from NTF6, while that was not evident in HPV-

positive OPC cells (SCC90 and SCC2) (Al-Sahaf et al., 2019). This work was in 

agreement with our array findings to some extent. It provided a further explanation of the 

M1 differences between OPSCC subtypes. 

The senescent status of CAFs in CAFs-derived from GU-OSCC and GS-OSCC was 

evaluated by a limited number of studies (Lim et al., 2011; Hassona et al., 2013, 2014). 

They reported a higher percentage of SA-b-gal positivity, besides an upregulation in pro-

inflammatory proteins by fibroblasts from GU-OSCC compared to GS-OSCC CAFs. 

Functional analysis of the secretome derived from GU-OSCC-CAFs revealed pro-

tumorigenic roles promoting keratinocyte invasion in vitro (Krtolica et al., 2001; Pazolli et 

al., 2009; Hassona et al., 2013). In our lab, the concept of genetic stability in OSCC has 

been evaluated in OPSCC based on OPSCC subtypes aetiology. Normal fibroblasts 

were incubated for 13 days fed by HPV-negative cell lines media (SCC89 and SCC72) 

or HPV-positive cell lines media (SCC90 and SCC2). Fibroblasts showed senescence 

features by significantly upregulating SA-β-gal percentage with HPV-negative cell lines, 

while only a few scant traces of SA-β-gal were observed with HPV-positive cell lines.  

To sum up, OPSCC demonstrated two distinct genetic profiles based on HPV-status. 

These differences are also reflected in the underlying TME activation that was evident in 

the transitory early response seen in the difference in M1 cytokines production when 

comparing SCC89 and SCC2.  

 

5.5.3 Pro-inflammatory signature of activated OPSCC 

fibroblasts (M2) 

After 24h of cell line media incubation, fibroblasts were incubated for a further 24h with 

serum-free media to observe the acquired (late) alternation in fibroblast phenotype and 

secretome. Omitting serum from the growth media provides consistent reproducible 

results and avoids contamination by other interfering factors which may be present within 
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the exogenous serum. M2 contained fewer cytokines compared to M1. It represents the 

fibroblast's initial response to OPSCC cell lines stimulation and that might explain the 

differences in M2 between SCC89 and SCC2 stimulated fibroblasts. Fibroblasts that had 

been incubated with SCC89 cell line media released a relatively larger number of 

cytokines including IL-6 and IL-8 which were completely absent in SCC2-related 

fibroblast M2. IL-6 and IL-8 are closely collaborating pro-inflammatory chemokines. Both 

factors participate in the control of essential hallmarks of tumour development and 

progression, including migration, proliferation, survival, senescence, and differentiation 

(Jayatilaka et al., 2017; Njainday et al., 2018). Although we observed their upregulation 

in response to SCC89 specifically, other reports consider IL6 overexpression is a non-

specific cellular mechanism that occurs as a part of the adaption process into altered or 

new environmental conditions (Son et al., 2015; Kim et al., 2018). 

The heterogeneity in fibroblasts was evident in culture reaction with OPSCC cell line 

media. Although both CAF1 and CAF2 are derived from the same OPSCC subtype and 

exhibited a comparable basal secretome, stimulated CAF1 showed higher numbers of 

cytokines in response to SCC89 and SCC2 cell lines. This observation might be ascribed 

to the senescent status of CAF1 culture and its high producible capability in SASP 

release. According to our finding in chapter 4, CAF1 showed a non-myofibroblastic CAF 

like feature which is more known for the highly productive inflammatory profile than the 

myofibroblastic counterpart. 

We did not detect an established active secretome in CAFs at a basal level.  Similar 

observations were also reported in the Erez et al. (2009) study, where CAFs derived 

from mouse cervical tumours (HPV16 transgenic mouse model) did not express the 

inflammatory gene signature compared to CAFs from mammary adenocarcinomas in a 

similar model. This observation might be attributed to the origin of the included CAFs, 

since both CAF1 and CAF2 were extracted from HPV-positive OPSCC, which, it is 

surmised, carries fewer genetic mutations background and less ability to stimulate 

normal fibroblasts as we discussed above. Moreover, the anatomical position also was 

proposed as a reason behind genome-wide heterogeneity in 47 normal fibroblasts strains 

across the human body. Tissue-specific expressions exhibited consistent and distinct 

gene expression profiles depending on their anatomical positional (Rinn et al., 2006). 

Furthermore, an evident desmoplastic stroma response was identified in specific types 

of tumours including mammary and pancreatic ductal adenocarcinoma (Erez et al., 

2009). However, further investigations are required, associated with the presence of 
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CAFs derived from HPV-negative OPSCC, for molecular comparisons and better 

understanding. 

NTF322 demonstrated an active reaction in response to SCC89 cell lines media that was 

comparable to the CAF1 and CAF2, however, NTF322 did not show cytokines 

upregulation upon SCC2 cell line incubation (M2). This observation is in keeping with the 

finding by Bolt et al. (2018) using NOFs. The upregulated NTF322 secretory profile 

following SCC89 incubation indicated acquisition of CAF phenotype to some extent. 

CXCL1 was reported by Kim et al. (2018) as a key regulator in NOF activation via an 

autocrine pathway. In their study, 3 NOFs cultures were co-cultured with the OSCC cell 

line (YD-10B) at different time points. NOFs showed transformation into a senescent 

CAFs-like phenotype by demonstrating a significant SA-β-gal positivity at 48h (p<0.05). 

This alternation in NOF phenotype was associated with significant upregulation of 

CXCL1 in co-cultured NOFs, rather than in NOFs in monoculture. Incubation of NOFs 

with a CXCL1-neutralising antibody revealed a significant decrease in SA-β-gal 

percentage (p<0.05). In our lab, CXCL1 was overexpressed in activated NTF6 following 

HPV-negative cell lines media incubation (SCC89 and SCC72) compared to NTF6 in 

monoculture. Interestingly, HPV-positive cell lines (SCC90 and SCC2) failed to induce 

CXCL1 expression in co-cultured NTF6 (Al-Sahaf et al., 2019). From the above, NTF322 

demonstrated a CAF-like secretome in reaction to SCC89 cell line media, but not to 

SCC2. Further investigations are required to understand the underlying signalling 

pathways in NTFs activation.  

 

5.5.4 Candidates in interactive co-culture models 

The indirect interactive model was established to validate the cytokines array findings in 

M1 and M2. Although the co-culturing conditions were different from conditioned media 

co-culture models in terms of incubation time and the active nature of communication 

between cells, it provided consistent validated results and additional insight into the cell 

origin of the particular cytokines. ELISA analysis showed a significant upregulation in 

OPN and IL-6 in the SCC89 interactive models exclusively, these findings consistent with 

M1 and M2 observations. Direct comparisons between OPN and IL6 levels in mono-

cultures and co-cultures were not valid due to the difference in cell population number 

that was implicated in cytokines production. OPN has been reported to be produced from 

different sources in the TME including senescent CAFs and tumour cells. Alternatively, 
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we utilised the extracted mRNA from the co-cultured cells to explore the source of 

production. OPN qRT-PCR analysis revealed that co-cultured SCC89 was the main 

source of OPN in SCC89 co-culture models. On the other hand, IL6 mRNA qRT-PCR 

analysis revealed that activated fibroblasts were the main source of IL-6 production in 

SCC89 co-culture models and its overexpression was driven by SCC89 incubation. 

Mono-culture fibroblasts showed a significantly low level of IL-6. These results were 

consistent with the Qin et al. (2018) observations. Qin and team showed that CAF-

derived IL-6-mediated expression of OPN. They studied the effect of αvβ3 blockade (an 

integrin, and an OPN receptor) on IL-6 production. Functional analysis of IL-6 and OPN 

in OPSCC will be discussed in detail in Chapter 7.  

Quantifications of the transcriptome and secretome response of OPSCC fibroblasts upon 

the interactive model also revealed heterogeneity between co-cultured fibroblasts 

(CAF1, CAF2, NTF322 and NTF10). NTF322 and CAF2 responses to the co-culture 

models demonstrated a comparable pattern, which was different from CAF1. CAF1 

showed unrelated patterns in protein and mRNA expressions in the interactive model, 

where OPN and IL-6 ELISA analysis demonstrated the highest expression with SCC89-

CAF1 co-culture; conversely, qRT-PCR analysis presented the lowest values. This 

discrepancy between protein/gene expression might be related to the phenotypic status 

of CAF1. According to the characterisation work in chapter 4, CAF1 exhibited a 

senescent phenotype feature by displaying a high percentage of SA-𝛽-gal positivity. The 

senescent condition was reported with an influence on a post-transcriptional modification 

which might lead to inconsistency in protein/gene levels of expression (Lai et al., 2019).  

 

5.6 Limitations 

It is worth mentioning that the indirect co-culture models used (passive co-culture and 

interactive coculture) are still rather simple and are likely not completely representative 

of cell interactions. True physical contact between the two populations in presence of 

signals from other cell types in the tumour microenvironment may reveal different or 

additional findings.  

 

The multiplex cytokines array was conducted for only one repeat, due to the kit’s high 

expense, nevertheless, analysis of a single repeat mandated the use of 

another technique to validate the results, as we have done. Cytokine array demonstrated 
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high-quality results. All the membranes’ backgrounds were clear from contamination and 

produced a consistent densitometry reading throughout the whole membrane. It 

exhibited reproducible results, as became obvious through monitoring the expression 

and intensity of basal secretory profile for each culture, also by comparing the 

densitometry reading for the duplicate repeat spots within a single array membrane.  As 

a technical limitation, a multiplex array presents a semi-quantitative result that is 

recommended to be followed by ELISA for target quantification as we have done. We 

further acknowledge the fact that our observations are built on a limited number of 

OPSCC cell lines. Moreover, CAF cultures were both HPV positive tumour derived. Use 

of the CAFs from an HPV-negative tumour will be essential for better understanding and 

comparison.  

 

5.7 Summary of the main findings and clinical implications  

In this chapter, we reported for the first time a number of cytokines secreted particularly 

with HPV-negative OPSCC cell line, namely OPN, KLK6 and GM-CSF, in addition to 

other cytokines produced under all conditions.  

 

Molecular analysis of interactive co-culture models identified the source of OPN and IL6 

production. At the basal level, more OPN was produced by HPV-negative cell lines than 

HPV-positive cell lines. Upon 48h of interactive co-culturing, only HPV-negative cell lines 

demonstrated significantly higher levels IL-6 overexpression indicated active crosstalk 

between cancer cells and fibroblasts  

These findings underpin the need for a better understanding of the role of TME in 

OPSCC development and progression. Further investigations of OPN and IL6 crosstalk 

might introduce promising prognostic and diagnostic indicators as well as potential 

cancer therapeutic targets in OPSCC. 
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Chapter 6: Functional analysis of candidates identified by 

cytokine arrays: OPN and IL-6 
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6.1. Introduction  

In the study cohort, we observed that CAFs are a common feature of the stroma in 

OPSCC, regardless of HPV status, however, it provided a potential clinical significance 

in the HPV-positive group. Despite the compelling evidence for a tumour-supportive role 

of CAFs, the detailed molecular mechanisms behind CAFs transition in OPSCC are 

largely unclear. Cytokine array profiling identified OPN as a factor expressed in one of 

the OPSCC cell lines which corresponded to an elevation of IL-6 production in fibroblasts 

in co-cultured models. These findings suggest crosstalk between OPSCC cancer cells 

and fibroblasts may be mediated by OPN and IL-6. OPN is highly expressed in healing 

wounds and fibrotic lesions in addition to its involvement in myofibroblast differentiation 

(Lenga et al., 2008). However, few reports have evaluated its role in CAF functionality.  

The involvement of tumour-derived OPN in CAF phenotype development was described 

in breast tumour, where OPN has been shown as a sufficient factor in fibroblasts 

activation (Sharon et al., 2015, Prasanna et al., 2021). In HNSCC, CAF-derived IL-6 was 

identified as the major upstream molecule that triggers the induction of tumour-derived 

OPN which enhances tumour cell growth, migration, and invasion (Qin et al., 2018). In 

addition to its secretion by tumour cells, OPN was expressed by the senescent CAFs, 

that mediated signalling events impacting neoplastic progression in preneoplastic 

immortalized keratinocytes (HaCaT) (Pazolli et al., 2009) (Figure 6.1).  
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Figure 6.1: Conceptual model of cancer cell and fibroblast crosstalk mediated by OPN and 

IL-6. As it has been described in different human tumours, OPN and IL-6 showed functional 

effects on cancer cells and fibroblast. (A), CAF-derived IL-6 has been shown as major inducers 

for tumour-derived OPN that enhance tumour cell proliferation and invasion in vitro. (B), 

senescent dermal fibroblasts have been described as a promoter for pre-neoplastic cells 

transformation using immortalized keratinocytes cell line (HaCaT). (C), In breast tumour, tumour-

derived OPN was introduced as a crucial factor for normal fibroblasts reprogramming into 

myofibroblastic CAFs phenotype. 

 

In this chapter, we aimed to identify the role of OPN and IL6 as novel mediators of 

interactions between CAFs and OPSCC tumour cells. We sought to explore the 

functional effect of OPN on fibroblast differentiation based on our observation in 

fibroblast phenotypic characterisation in chapter 4. Moreover, we aimed to identify if OPN 

induces IL-6 production in fibroblasts.  We also aimed to test if IL-6 is sufficient for 

tumour-derived OPN production.  

In addition to its impact on TME components, OPN also has a well-established role in 

tumour behaviour in terms of promoting migration and invasion of the tumour cells. Here, 

we planned to explore the downstream pathways of OPN interaction with OPSCC cell 

lines, to establish a molecular understanding of OPN mechanism in OPSCC modulation.  

However, due to time restrictions affected by pandemic national lockdown, parts of this 

work have not been conducted completely and further validation will be required at some 

points.  
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6.2. Aims 

● To investigate the effects of OPN on OPSCC fibroblast phenotype. 

 

● To assess if OPN directly stimulates IL-6 production in OPN-induced fibroblasts 

by targeting CD44v6, one of OPN receptors.  

 

● To investigate CD44-dependent MAPK activation in OPSCC cancer cells 

mediated by OPN. 

 

● To identify if tumour-derived OPN production in OPSCC cells is driven by IL-6. 

 

6.3. Experimental approach and statistical analysis  

● OPSCC fibroblasts were treated with recombinant OPN (rOPN), followed by the 

assessment of resultant phenotype; the contraction ability of OPN-induced 

fibroblasts was assessed using collagen contraction gel. Senescent status was 

assessed using the SA-β-gal assay. 

 

● The effect of OPN on IL-6 production was assessed in rOPN-induced fibroblasts 

using IL-6 qRT-PCR and ELISA analysis. The effect of CD44V6 blocking antibody 

was evaluated by monitoring IL-6 production upon rOPN-induction. Next, to test 

if OPN was responsible for IL-6 production, OPSCC fibroblasts were incubated 

with OPSCC conditioned media after 1 hr of CD44v6 blocking. However, due to 

time restrictions, only NTF322 was assessed in this experiment.  

 

● OPSCC cancer cells were treated with rOPN, and CD44 expression was 

assessed using immunofluorescence staining and western blot. Alterations in 

p38 MAPK phosphorylation were assessed using western blot.  

 

● The effect of IL6 on tumour-derived OPN production was tested by incubating 

OPSCC cell lines with recombinant IL6 (rIL-6). OPN qRT-PCR and ELISA 

analysis were used to evaluate OPN expression.  
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● Statistically, detection of non-normality is less likely among the data due to small 

sample numbers, however, Shapiro-Wilk test was used to check the normality 

due to its high sensitivity. For the comparison between two normally distributed 

samples’ mean, two-tailed unpaired t-test was used. In multiple data sets, one-

way analysis of variance (ANOVA) was used. 

 

● Data were presented graphically illustrating the mean with error bars 

demonstrating the standard deviation (SD). The probability of similar random 

result detection (p-value) was considered significant if (p<0.05). “N” followed by 

a number denotes the biological repeats, while “n” denotes the technical repeats. 

Data were analysed using Graph-pad prism versions 7-9. 
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6.4. Results  

6.4.1 OPN induces alteration in NTFs morphology 

Under the light microscope, NTF322 and NTF10 displayed alterations in cell morphology 

following 48h incubation with a single dose of 180 ng/ml of rOPN. This dose was 

determined thoroughly in an optimising study reported by Weber et al., (2015). Moreover, 

the 180ng/ml dose has worked well in other studies (Driver et al., 2015; Che et al., 2018). 

NTF322 showed darker cytoplasm and a larger cell body. NTF10 appeared more 

flattened with long anastomosing processes (Figure 6.2). 

 

 

 

Figure 6.2: Alterations in NTFs morphology following rOPN induction. NTF322 and NTF10 

were incubated with 180ng/ml of rOPN for 48h. Under the light microscope, both cultures 

displayed morphological changes. Images were taken with an Olympus BX51 optical microscope 

at 10X magnifications. 
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6.4.2 OPN potentially enhances the contraction in OPSCC 

fibroblasts. 

The collagen gel contraction assay was performed to assess the contractility of OPSCC 

fibroblasts. According to our observations in chapter 4, an active myofibroblastic like CAF 

showed a significant contractile ability compared to the control. An in vitro three-

dimensional contraction model of NTF322, NTF10 and CAF2 were constructed as 

described in section 2.1.10. Cells were incubated under mechanical tension conditions 

by leaving the lattices attached to the culture well. After 48h, the collagen lattice was 

completely detached with a sterile spatula and incubated for a further 48h with the 

addition (or absence) of 180 ng/ml OPN. At the end of the experiment, NTFs contractility 

was recorded by measuring the distance between the lattice disc and the well using Fiji-

ImageJ (Figure 6.3).  

Untreated cells showed different capacity in gel contraction. The CAF2 lattice disc was 

the smallest, followed by NTF10 then NTF322 (p<0.001). OPN enhanced the contraction 

ability of OPSCC fibroblasts to some extent compared to their untreated. CAF2 showed 

a significant decrease in lattice disc size (4.6 ± 0.1mm) compared by the control (3.2 ± 

0.2mm) (p<0.001). NTF10 demonstrated a degree of gel contraction of 1.8 ± 0.6mm 

(p<0.05). However, NTF322 showed a negligible amount of contraction (0.13 + 0.1) 

(mean + SD) compared to the control that showed 0 contraction (p=0.05). However, 

compared to the myofibroblastic model in chapter 4, this is considered a slight increase 

in the acquired mechanical properties in NTFs following OPN induction (please refer to 

figure 4.3 for the comparison).  

Notably, untreated CAF2 showed high capability for collagen disc contraction, which 

suggested an active myofibroblastic phenotype. This observation is in agreement with 

our findings in chapter 4 regarding CAF2 phenotypic characterisation.  
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(A) 

 

 

 

 

 

 

(B)  

Figure 6.3: Matrix contraction ability of stimulated NTFs varies between different cultures. 

(A) Image of detached lattices for NTF322, NTF10 and CAF2 floating in the growth media. (B) 

Image of the gel disc for NTF322, NTF10 and CAF2.  NTF322, NTF10, and CAF2 (2 x 104 cells) 

were seeded in 0.5 ml of collagen lattice solution in a 24-well plate and left in the incubator for an 

hour at 37ºC. 1.0 ml of growth media was added on the top of the collagen gel lattice and the 

plate was incubated for 24h. The next day, the cells were serum-starved for a further 24h, then 

were treated with 180 ng/ml OPN before releasing the stressed gel matrix from the plate using a 

sterile spatula.  The gels were then incubated for 48h in the OPN stimulation experiment. OPN 

provoked a slight degree of mechanical stress across the collagen matrix. 

 

NTF322 
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Figure 6.3 C: Matrix contraction ability of stimulated NTFs varies between different 

cultures. Quantification of gel disc contraction used ImageJ.  Relative lattice contraction (mm) 

was obtained by measuring the distance between the gel and the well border. Statistical analysis 

was performed using Student’s t-test to compare between the treated culture and its counterparts. 

One-way ANOVA was used to compare the difference between the untreated cultures or treated 

cultures. Statistical significance is shown on the figure by *p<0.05, ***p<0.001. Data represent 

the mean of (N=3, n=3). Error bars= SD. 
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6.4.3 Senescence assessment in rOPN-treated fibroblasts 

In a characterisation process for the evolving OPN-induced fibroblast phenotype, SA-β-

gal assay was performed to evaluate the senescence status of OPSCC fibroblasts 

following OPN induction. Senescence analysis was performed for NTFs 322 and NTF10 

only (Figure 6.4). No evident increase in SA-β-gal positivity percentage was detected in 

the induced cells (p>0.05). 

(A) 
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(B) 

Figure 6.4: Senescence status in OPN-induced NTFs. (A) Images representing SA-β-gal stain 

at basal level and after OPN treatment in NTF322 and NTF10. Images were taken with an 

Olympus BX51 optical microscope at 10X magnifications. (B) Quantification of SA-β-gal stain. 

The proportion of stained cells (blue precipitate) in 3 random fields at magnification 20x. Statistical 

analysis was performed using Student’s t-test. Error bars = SD for (N=3, n=3). 
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6.4.4 OPN induces a slight increase in IL-6 production in OPSCC 

fibroblasts  

Next, we assessed the level of IL-6 production to identify mediators of the phenotypic 

change, but also to test the hypothesis of a reciprocal tumour-stroma loop in OPSCC 

mediated by OPN and IL-6 (Qin et al., 2018). Alteration in IL-6 production was assessed 

at the transcript and secretory levels. NTF10 and CAF2 showed a slight increase in IL-6 

transcript following rOPN treatment, however, statistically, it revealed a significant 

difference (p<0.05 and p<0.01). NTF322 showed a minimum upregulation in IL-6 mRNA 

expression with no statistically significant value. The fold change compared to β2m was 

(0.08 ± 0.00) (mean ± SD) (Figure 6.5). This marginal increase in IL-6 production upon 

rOPN induction may indicate an alteration in OPSCC fibroblast phenotypes, however, 

further validation includes the assessment of ɑ-SMA and FAP expressions is required to 

confirm the evolving phenotype.  

 

 

 

 

 

 

 

 

Figure 6.5: IL-6 upregulation following rOPN treatment. OPSCC Fibroblasts were cultured in 

T75 cm2 flasks in growth media up to 70% confluency then treated with 180ng/ml rOPN for 48h. 

The cell pellet was collected, and cDNA was constructed using 120 ng/ml of total RNA. qRT-PCR 

was used to analyse IL-6 expression, normalised to β2m. NTF10 and CAF2 expressed slightly 

increased IL-6 transcript levels compared to the untreated counterparts (p<0.01). Statistical 

analysis was performed using Student’s t-test, and statistical significance is shown on the figure 

by *p<0.05. Error bars = SD for (N=3, n=3).  
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IL-6 ELISA analysis revealed an increase in IL-6 concentration in OPSCC fibroblasts 

media following rOPN treatment. NTF10 showed relatively high increases compared to 

the control and other included fibroblasts cultures (137 ± 3.72 pg/ml; p<0.001). NTF322 

showed a slight increase in IL-6 production that was statistically significant (12.5 ± 2.1 

pg/ml; p<0.05). CAF2 showed a marginal increase that was comparable to the untreated 

counterpart (p>0.05) (Figure 6.6). 

 

 

Figure 6.6: Increase in IL6 production in NTFs following OPN treatment. NTF322, NTF10 

and CAF2 were treated with a single dose of 180ng/ml OPN for 48h. The media was collected 

and subjected to IL6 ELISA analysis. Untreated cells were included for the comparison. All treated 

NTFs showed an increase in IL6 production. Samples number (n=6), Y-axis denotes standardised 

IL-6 concentration in pg/ml. IL-6 concentrations were optimised according to fibroblasts density 

at 10,000 cells. Statistical analysis was performed using Student’s t-test, and statistical 

significance is shown on the figure by **p<0.01, ***p<0.001. Data represent the mean of (N=3, 

n=3). Error bars= SD. 
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6.4.5 Targeting of CD44v6 potentially reduces IL-6 production in 

rOPN stimulated fibroblasts  

At the cellular level, OPN has two cell surface binding sites; the N-terminal region of OPN 

binds to integrins, whereas C-terminal region interacts with CD44 (Weber et al., 1996; 

Rangaswami, Bulbule and Kundu, 2006). CD44 is a family of plasma membrane 

glycoproteins encoded by a single gene on chromosome 11. It is composed of at least 

20 exons, 10 of them are expressed simultaneously giving the standard form CD44s, 

while the rest are variant exons that are subjected to alternative splicing, generating 

many isoforms (Screaton et al., 1992). CD44 variants have been found to be associated 

with advanced H&N cancer: CD44v6 is an oncogenic variant that is strongly expressed 

by more than 95% of HNSCC (Heider et al., 2004). Its expression is largely restricted to 

advanced-stage of tumours and is more associated with metastatic cancers (Rail and 

Rustgi, 1995). In the Sharon et al., (2015) study, the ability of secreted OPN to activate 

mammary fibroblasts relied upon the receptors CD44 and αVβ3 integrin, moreover, 

targeting OPN binding sites using blocking antibodies inhibited fibroblast activation in 

vitro and remarkably attenuated tumour growth and fibroblast activation in vivo. 

In OPSCC, we tested the effect of blocking CD44v6 on IL-6 production, cells were 

incubated with 5µg/ml of CD44var (v6) monoclonal antibody (VFF-18) (eBioscience™, 

UK). It has a blocking property (inhibiting antibody) by prohibiting further molecular 

binding without reacting with the ligand-binding site. It has been used in Phase I clinical 

trial targeting immunoconjugate bivatuzumab mertansine in HNSCC (Riechelmann et al., 

2008). Also, has been shown to work effectively in vitro in many reports at the same 

concentration (5µg/ml). (Afify, Purnell and Nguyen, 2009; Gutjahr et al., 2018; Khan et 

al., 2021). 

Incubation of NTF10 with CD44v6 blocking antibody for 1 h before rOPN induction 

revealed a significant reduction in the IL-6 mRNA fold change (p<0.05). This effect was 

less evident with NTF322. However, the latter has low baseline IL-6 transcripts and 

showed a slight, but insignificant, elevation in IL-6 following rOPN induction. Blocking 

with CD44v6 antibody resulted in a marginal decrease in IL-6 in rOPN-induced NTF322 

(p>0.05) (Figure 6.7). Quantification of secreted IL-6 demonstrated a clearer difference 

between the NTFs’ cultures. rOPN-treated NTF10 showed a significant reduction in IL-6 

release following CD44v6 blocking (137.0 ± 3.7 to 60.8 ± 15.3; p<0.05), while rOPN-

treated NTF322 showed minimal IL-6 reduction upon CD44v6 blocking (p>0.05) (Figure 

6.8). 
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Figure 6.7: Variable reduction in IL-6 expression following CD44v6 blocking in rOPN 

treated fibroblasts. NTF322 and NTF10 were grown up to 70% confluence in T75 flasks. Cells 

were cultured with 5µl/ml of anti-CD44v6 AB for 1 h, followed by incubation with 180 ng/ml of 

rOPN for 24 h. Untreated counterparts were incubated with serum-free media only without 

blocking antibody. Cells were collected, and RNA extracted. cDNA was constructed using 400ng 

of total RNA. qRT-PCR was used to assess IL-6 transcript expression normalised to β2m. Only 

NTF10 showed a response to rOPN induction and CD44v6 antibody blocking (p<0.05) and 

(p<0.01) using Student’s t-test. Data represent the mean of (N=3, n=3). Error bars= SD. 
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Figure 6.8: Variation in IL-6 protein secretion following CD44v6 blocking in rOPN treated 

NTFs.  NTF 322 and NTF 10 were cultured up to 70% confluence in T75 flask. Cells were 

incubated with 5 µl/ml of anti-CD44v6 AB for 1 h, followed by incubation with 180 ng/ml of rOPN 

for 24 h. Untreated counterparts were incubated with serum-free media only without blocking 

antibody. The media was collected and subjected to IL6 ELISA analysis. Untreated cells were 

included as a negative control.  Y-axis denotes standardised IL-6 concentration in pg/ml. IL-6 

concentrations were optimised according to a fibroblast density of 10,000 cells. Statistical analysis 

was performed using Student’s t-test, and statistical significance is shown on the figure by 

*p<0.05. **p<0.01 and p<0.001. Error bars = SD for (N=3, n=3). 
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6.4.6 Targeting CD44v6 potentially reduces IL-6 production in 

NTF322 following OPSCC CM stimulation 

Following evaluating CD44v6 antibody efficiency on IL-6 reduction in NTFs. We tested 

our hypothesis that OPN is necessary for inducing IL-6 in NTFs. However, due to the 

time and lab restriction upon the epidemic, only NTF322 was tested in the CD44v6 

blocking experiment. Although NTF10 was more responsive than NTF322 on rOPN 

treatment, we assumed that might reflect clearly on the CD44v6 blocking step. 

NTF322 culture was incubated with anti-CD44v6 antibody for 1h before incubation with 

OPSCC cell line conditioned media (CM) for 24 h. SCC2, SCC89 and SCC72 CM were 

prepared as described in section 2.1.1. Untreated cells were incubated with serum-free 

media before cell line media stimulation. At the end of the experiment, cells and media 

were collected for IL-6 analysis. 

OPSCC cell lines conditioned media induced high variable concentrations of IL-6 from 

NTF322 at the transcript and secretory levels. SCC89 and SCC72 CM promoted NTF322 

to overexpress IL-6 transcript at a higher fold change than in SCC2 (p<0.01 one-way 

ANOVA) (Figure 6.9). ELISA analysis also showed the same pattern in NTF322 

response to different OPSCC cell line CM stimulation (p<0.01). NTF322 responded to 

cell lines CM incubation by a high upregulation in IL-6 production levels (Figure 6.10).   

CD44v6 blocking also revealed different effects on IL-6 reduction in NTF322 culture-

stimulated with OPSCC cell lines CM. NTF322 induced with SCC2 CM showed a 

reduction in IL-6 transcript fold from (0.009 ± 0.01 to 0.003 ± 0.004 fold) compared to 

β2m. This reduction was accompanied by a decrease in IL-6 release on ELISA analysis 

(155.8 ±118 to 93.6 ± 71.8 pg/ml). However, that was not a statistically significant 

difference (p>0.05).  

The CD44v6 antibody blocking effect was evident the most with SCC89-CM-induced 

NTF322 cells. It was able to significantly reduce the IL-6 upregulation at the gene and 

protein level (p<0.05).  On contrary, CD44v6 antibody failed to show a blocking effect in 

SCC72-induced NTF322 that showed a comparable IL-6 level to the control (p>0.05).  
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Figure 6.9: Variable reduction in IL-6 expression following CD44v6 blocking in cell lines 

treated fibroblasts. NTF322 and NTF10 were grown up to 70% confluence in T75 flasks. Cells 

were cultured with 5 µl/ml of anti-CD44v6 AB for 1h, followed by incubation with SCC2, SCC89 

or SCC72 CM for 24h. Untreated counterparts were incubated with serum-free media only without 

blocking antibody. Cells were collected, and RNA extracted. cDNA was constructed using 120 ng 

of total RNA. qRT-PCR was used to assess IL-6 transcript expression normalised to β2m. Anti-

CD44v6 AB showed a blocking effect in NTFSCC89-CM-treated NTF322 (p<0.05) using 

Student’s t-test. Data represent the mean of (N=3, n=3). Error bars= SD. 
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Figure 6.10: Variation in IL-6 protein secretion following CD44v6 blocking in cell line 

treated NTFs.  NTF 322 and NTF 10 were cultured up to 70% confluence in T75 flasks. Cells 

were incubated with 5 µl/ml of anti-CD44v6 AB for 1h, followed by incubation with SCC2, SCC89 

or SCC72 CM for 24h. Untreated counterparts were incubated with serum-free media only without 

blocking antibody. The media was collected and subjected to IL6 ELISA analysis.  Y-axis denotes 

standardised IL-6 concentration in pg/ml. IL-6 concentrations were optimised according to a 

fibroblast density of 10,000 cells. Statistical analysis was performed using Student’s t-test, and 

statistical significance is shown on the figure by *p<0.05. Error bars = SD for (N=3, n=3). 
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6.4.7 OPN effects on OPSCCs 

In the previous sections, we investigated the functional effects of OPN on OPSCC 

fibroblasts and observed that OPN was sufficient to establish a myofibroblastic CAF-like 

phenotype in a subset of NTFs. Here, we aimed to identify the effects of OPN production 

on OPSCC cancer cells by exploring the activated downstream pathways mediated by 

OPN binding. We assessed the activation of CD44 and p38 MAPK pathway upon rOPN 

induction. Mitogen-activated protein kinase (MAPKs) are known to be involved in the 

regulation of OPN mediated signalling via CD44 and integrins, in different tumour types. 

p38 is a member of the MAPK family reported to be involved in the regulation of many 

cellular functions, including cell stress response, proliferation, differentiation and cell 

migration, among other molecules (Shinohara et al., 2008; Chen et al., 2009). It 

contributes to the epithelial-mesenchymal transition of the tumour cells which in turn 

facilitates the acquisition of invasion and migration capabilities (Bhowmick et al., 

2001). Activation of the p38 MAPK signalling cascade is triggered by many 

environmental stresses and inflammatory cytokines including OPN (New and Han, 

1998). . In OPSCC, the relevance of the p38 MAPK pathway in the context of tumour 

formation has yet to be investigated.  

Cytokine profiling of OPSCC cell lines revealed an exclusive expression of OPN in the 

HPV-negative OPSCC cell line (SCC89). In this experiment, SCC72 was included for 

further validation, whereas SCC2 (HPV-positive) was included for comparison as a 

negative control. MCF7 (Breast cancer cell line) was included as a positive control 

(Hiscox et al., 2012). The MCF7 cell line was provided kindly by Dr Simon Whawell. Cells 

were incubated with 180ng/ml rOPN for 48h, then CD44 expression was assessed using 

immunofluorescent staining using unconjugated CD44 antibody (Proteintech. UK) and 

by detection of protein abundance using western blot.  

At the basal level, immunofluorescent staining showed a remarkable difference in CD44 

expression. SCC89 and SCC72 cells showed a faint expression of cell surface CD44 

expression, while that was completely lacking in SCC2 (Figure 6.11). Upon rOPN 

induction, all the tested cancer cells, including SCC2, showed a characteristic glowing 

aura representing the surface CD44 expression.  
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This pattern of expression was not observed exactly in the CD44 antibody-blotted 

membrane. At the basal level, only MCF7, the positive control, showed a faint band of 

CD44 protein expression, while there were no detectable bands in HPV-negative 

OPSCC lanes. Optimising the technical protocol with a longer exposure time might reveal 

a consistent result. However, rOPN-induced SCC72 and SCC89 displayed evident 

variable CD44 protein abundance, while SCC2 showed a relatively weak band. However, 

the result of this blot is required validation by normalising with the internal control 

expression (Figure 6.12). 

 

(A) 
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(B) 

Figure 6.11: CD44 expression in OPSCC upon rOPN induction. (A) Representative 

photomicrographs demonstrating CD44 basal and induced expression in SCC72, SCC89 and 

SCC2 cells. MCF7 was included as a positive control. Cells were stimulated with 180ng/ml OPN 

for 48h then stained with anti CD44 antibody (1:200, 1567-1-AP, Proteintech, UK)). The slide was 

then mounted on a microscope coverslip using a DAPI-containing mounting medium. CD44 faint 

expression was observed in HPV-negative cell lines, but not in SCC2. Following OPN induction, 

an increase in CD44 expression was observed in all OPSCC cell lines. Fluorescent images were 

taken using a Zeiss 880 Airy-Scan confocal microscope (Carl Zeiss) at 40x magnification. (B) 

Quantification for detected CD44 by image quantification was performed using Fiji-ImageJ. The 

negative control for each cell line was processed and denoted by the black bar. Statistical analysis 

was performed using Student’s t-test, and statistical significance is shown on the figure by 

*p<0.05, **p<0.01. Error bars = SD for (N=2). 

 

Figure 6.12: Western blot analysis of CD44 in OPSCC following rOPN induction. SCC72, 

SCC89 and SCC2 were incubated with 180ng/ml rOPN for 48h. The experiment controls were 

incubated with serum-free media only. MCF7 was included as a positive control. Lysate protein 

(30 µg) of whole cell were subject CD44 antibody (Proteintech, UK).  
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6.4.8 IL-6 effect on tumour-derived OPN production in OPSCC 

To test the ability of IL-6 to induce OPN production in OPSCC cells, the OPSCC cell lines 

were incubated with rIL-6 (Peprotech, UK). A dose of 15ng/ml rIL-6 was chosen, as this 

has been shown to be sufficient for induction in previously reported optimising work on 

the tumour cells (Chen et al., 2018). Thp-1 monocytes were included as a positive control 

(Uchibori et al., 2017). Thp1 was provided kindly by Dr Emilia Barker. Alterations in OPN 

expression were assessed using OPN qRT-PCR and ELISA analysis. No significant 

changes in OPN level were detected following IL-6 treatment at the transcript or 

secretory levels, even in the positive control. (Figure 6.13 and 6.14). The experiment 

requires further optimisation including a dose response, as a change would have been 

expected in Thp-1. A higher dose of 50 ng/ml has been reported in HNSCC (Sun et al., 

2014), which would be worth a further trial.  

 

Figure 6.13: No detectable changes in tumour-derived OPN transcript in OPSCC 

following rIL-6 induction. OPSCC cell lines were cultured in a T75 cm2 flask in growth 

media up to 70% confluency then treated with 15ng/ml rIL-6 for 48h. Cell pellets were 

collected, and cDNA was constructed using 500 ng/ml of total RNA. qRT-PCR was used 

to analyse OPN expression, normalised to β2m. Thp-1 was included as a positive control. 

No significant changes in OPN were observed.  Error bars = SD for (N=3, n=3).  
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Figure 6.14: No detectable changes in tumour-derived OPN secretory level in OPSCC 

following rIL-6 induction. SCC89, SCC72 and SCC2 were treated with a single dose of 15ng/ml 

OPN for 48h. The media was collected and subjected to OPN ELISA analysis. Untreated cells 

were included for the comparison. Thp-1 was included as a positive control. No evident changes 

were observed at OPN level. Samples number (n=8), Y-axis denotes standardised OPN 

concentration in Pg per ml. OPN concentrations were optimised according to fibroblasts density 

at 10,000 cells. Data represent the mean of (N=3, n=3). Error bars= SD. 
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6.5 Discussion  

In this chapter, we have investigated the effects of OPN on OPSCC fibroblasts. As it has 

been described, OPN has the ability to reprogram normal fibroblasts into a myofioblastic 

CAF phenotype (Sharon et al.,2015, Prasanna et al., 2021), however, our limited 

investigation in this chapter showed alteration in NTFs phenotype that warrant further 

investigation and validation. OPN-induced NTFs showed morphological changes 

besides enhancement in fibroblasts contractility to some extent, however, these were 

less marked TGF-ꞵ1- induced NTFs described in chapter 4, figure 4.3. We observed a 

marginal increase in IL-6 production following OPN treatment, but it is neglectable 

compared to the cell line CM effect on NTF322. However, in Sharon et al. (2015) work, 

IL-6 upregulation was not a feature in evolving CAFs phenotype among other 

proinflammatory factors. Targeting CD44v6 attenuated the production of IL-6 in rOPN-

induced NTF10. However, blocking of CD44v6 on NTF322 before OPSCC CM 

incubation revealed a variable degree of IL-6 reduction. Preliminary data based on 

immunofluorescence assay; OPSCC cancer cell lines demonstrated activation of CD44 

in response to OPN treatment that was more evident in HPV-negative cell lines.  

6.5.1 Osteopontin effects on NTFs  

Despite the compelling evidence supporting CAFs’ central role in facilitating tumour 

progression, very little is known regarding the mechanisms of normal resident fibroblast 

activation. Tumour and immune cell derived molecules have been proposed as factors 

in fibroblasts activation (Erez et al., 2009; Elkabets et al., 2011; Sahai et al., 2020). 

Nevertheless, the characterisation of signalling network mediating fibroblast activation is 

still largely unresolved. TGF-β1 has been identified as one of the most predominant 

regulators in fibroblast activation. It regulates several pro-fibrotic activities including 

fibroblast proliferation, and the fibroblast-to-myofibroblast differentiation (Lewis et al., 

2004; Hinz et al., 2012; Meng, Nikolic-Paterson and Lan, 2016, Melling et al., 2015). 

Tumour-derived inflammatory modulators including SDF1, IL-1 α and IL-1β were shown 

as a promoter in CAF activation. Other factors derived from different cell types also were 

proposed as candidates that could be involved in fibroblasts activation including PDGF, 

IL-4, and insulin-like growth factor II (Powell et al., 1999). 

The functional role of OPN in stroma activation was described firstly in cardiac and 

dermal fibroblasts as an essential component in the autocrine activation pathway 

mediated by TGF-β1. In cardiac and dermal OPN-null fibroblasts, cells showed a 

significant reduction in response to TGF-β1 stimulation; there was no overexpression of 



251 

 

the activation protein signature including α-SMA and fibronectin. Additionally, they 

exhibited 50% less proliferation and resistance to detachment by shear force, also they 

showed a 3-fold reduction in collagen gel contraction compared by wild-type fibroblasts. 

Furthermore, knockdown of OPN wide-type fibroblasts using small interfering RNA 

reduced α-SMA expression response to TGF-β1 to levels comparable with OPN-null 

cells (Lenga et al., 2008). The OPN pro-fibrotic effect has been studied intensively in 

wound healing and fibrosis-related diseases. OPN-null mice have altered wound healing 

processes with healing wounds containing smaller collagen fibrils and disorganised ECM 

(Liaw et al., 1998). Moreover, knockdown of the OPN gene revealed altered healing 

patterns and significantly reduced scarring (Mori, Shaw and Martin, 2008; Hunter et al., 

2012). In lung fibrosis, OPN has shown a critical role in airway remodelling. The 

functional role of OPN is largely based on pro-fibrogenic myofibroblast stimulation. It 

initiates the fibroblasts activation, migration, adhesion, and proliferation through a 

cytokine signalling pathway (Oh et al., 2015). 

The impact of OPN in CAF activation was reported by two breast cancer research studies 

(Sharon et al., 2015, Prasanna et al., 2021).  These studies demonstrated that OPN is 

required, and sufficient, to reprogram normal fibroblasts to myofibroblasts functionally 

and molecularly. Furthermore, CAF-driven OPN enhanced EMT and angiogenesis via 

SDF-1 expression. In this study, stimulation of NTFs using rOPN alone induced some 

phenotypic alterations, including the cell morphology, gene transcription and secretory 

profile. Under the light microscope, rOPN-induced NTFs displayed changes in cell 

morphology compared to the untreated cells which retain the spindle-shaped quiescent 

appearance. As has been discussed in chapter 4, alteration in fibroblast shape is a non-

specific feature in fibroblast phenotypic change. To specify the evolving induced 

phenotype, we performed collagen gel contraction assay and SA-β-gal assay. According 

to the characterisation work in chapter 4, the active myofibroblastic like phenotype 

displayed high capability in gel contraction, while premature induced senescent 

phenotype showed an elevated percentage of SA-β-gal-stained cells. In this chapter, 

rOPN-induced CAF2 and NTF10 showed a degree in the collagen disc contraction 

compared with the untreated fibroblasts, while NTF322 showed a neglectable amount of 

contraction. Assessment of SA-β-gal assay has shown no evident increase in SA-β-gal 

positive percentage in this chapter. 

This ability to shrink a free collagen lattice indicated the increase in fibroblast contractility 

and phenotype differentiation into myofibroblastic CAFs as we have observed in chapter 

4, however, we did observe that much increase in NTFs contractility moreover, we were 
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not able to assess and compare ɑ-SMA formation in this chapter to confirm the active 

transition in NTFs phenotype. In a similar experiment on dermal fibroblasts, Hunter et 

al., (2012) showed a significant increase in contractility, migration, and proliferation of 4 

different dermal fibroblasts cultures in response to rOPN induction (50nM). While 

knockdown of the OPN gene using an OPEN-directed RNA aptamer (OPN-R3) showed 

significant inhibition of OPN-induced effects on fibroblast cultures (Hunter et al., 2012). 

The exact mechanism behind fibroblasts activation is still unknown, but it implies an 

increase in α-SMA or other microfilaments that may be involved in cell contractility 

(Hunter et al., 2012).  

Prasanna et al., (2021) study assessed the molecular alteration in CAFs driven by 

tumour-derived OPN, the evolving CAFs phenotypes showed an overexpression in ɑ-

SMA and FAP at gene and protein levels. Their study reported the crosstalk between 

tumour cells and stromal fibroblasts that leads to tumour progression mediated by 

tumour-derived OPN and fibroblasts-derived CXCL12. Sharon et al., (2015) work in 

mammary fibroblasts demonstrated that tumour-derived OPN has the capability to 

induce normal mammary fibroblasts differentiation into a myofibroblastic CAF active 

phenotype. The evolving active phenotype showed a high capacity for gel contraction 

and upregulation in the pro-inflammatory secretory profile, but not including IL-6. Breast 

cancer is one of the desmoplastic tumour types in the human body. It is characterised 

by profound myofibroblast infiltration that correlates with tumour progression, invasion 

and poor survival (Yamashita et al., 2012).  

Next, we tested IL-6 upregulation in rOPN-induced fibroblasts to assess the phenotypic 

changes in OPSCC fibroblasts and investigate the hypothesis of the epithelial-stromal 

stimulatory loop in OPSCC mediated by OPN and IL-6 expression. We observed a slight 

increase in IL-6 upregulation at the transcript and secretory profiles, however, the 

heterogeneity of fibroblast responses was evident. NTF10 showed the highest increase 

in IL-6 expression, while NTF322 showed the lowest values of IL6 at the basal and 

induced level. In Qin et al., (2018) study, blocking one of the OPN receptors showed a 

partial decrease in the effects of OPN, while the combination of more than receptor 

blocker resulted in a significant effect. We observed a significant reduction in IL-6 

production in NTF10, while there was a slight decrease in NTF322 that was statistically 

insignificant.  
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6.5.2 Targeting CD44v6 potentially reduces IL-6 production in 

NTF322 following OPSCC CM stimulation 

Incubation of NTF322 with HPV-negative cell line media (from SCC89 and SCC72) 

resulted in greater upregulation of IL-6 production in NTF322 cultures than in the HPV 

positive cell line (SCC2) counterparts. This in keeping with our findings in chapter 5 using 

co-culturing models. The HPV-negative co-cultured model showed a significant 

upregulation in IL-6 compared to the HPV-positive model. Here, in this chapter, we aimed 

to test whether the tumour derived OPN in cell line CM will induce an activated fibroblast 

phenotype. The appropriate methodology to answer this question required targeting of 

both OPN binding sites (CD44 and integrins), however, our work was limited to CD44v6 

blockade.  

Blocking of CD44v6 in NTF322 showed a variable degree of IL-6 reduction. In SCC89-

induced NTF322, there was a significant decrease in IL6 production with the presence 

of CD44v6 blocking antibody. SCC2-induced NTF322 cells showed a lower production 

in IL-6 at a transcript and secretory levels, but that did not reach the statistically 

significant limit (p<0.05). The partial reduction in IL-6 production was expected as we 

targeted only one ligand-binding site of OPN. The discrepancy in IL-6 reduction in 

CD44v6-targeted NTF322s suggested the variable capacity of OPSCC cell lines in 

fibroblasts activation. OPSCC cell line media contain a plethora of factors that might be 

involved in IL-6 upregulation besides OPN such as HGF (Bolt et al., 2018). Interestingly, 

SCC72-induced NTF322 showed no evident reduction in IL-6 production in response to 

CD44v6 antibody. This result reminded us of Bolt, (2016) findings on OPSCC cell lines 

using ORISTM Assay Cell Migration. In this experiment, the HPV-negative cell lines 

(SCC89 and SCC72), but not the HPV-positive cell lines, showed a significant migration 

in response to M2 (induced fibroblast media). However, only SCC72 showed a 

comparable significant migration when it was incubated M1 media (SCC72 CM and 

fibroblast media). The result suggested that HPV-negative cell lines were able to induce 

a fibroblast response capable of promoting additional void closure in the migration 

assays, nevertheless, the significance of the additional migration in SCC72 M1 may be 

linked to an inductive pathway unique to SCC72-fibroblast interactions (Bolt, 2016). 

6.5.3 Effects of OPN on OPSCC 

CD44 expression is regulated through specific signalling networks including epigenetic 

mechanisms, miRNAs and transcriptional factors (reviewed in Chen et al., 2018). 

Proinflammatory cytokines such as IL-1β, IL-6, IL-1, IL-4, IL-13, and TGF-β1 were also 
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reported as inducers that drive CD44 activity (Foster et al., 1998; Ibrahim et al., 2006). 

OPN/CD44 expression was shown to be correlated positively with cancer progression in 

different tumour types (Sun et al., 2013; Qiu et al., 2014). The OPN/CD44 interaction 

was reported to mediate signalling pathways that induce stem cell-like properties, tumour 

migration and radiation resistance (Desai, Rogers and Chellaiah, 2007; Pietras et al., 

2014).  

We have seen that the HPV-negative cell line (SCC89) showed a higher basal OPN 

secretion compared with the HPV-positive cell line (SCC2). Moreover, fibroblast co-

cultured SCC89s demonstrated significant upregulation in OPN when compared with 

SCC2s counterparts (Figure 5.20). Here, in our preliminary findings, we observed that 

OPN/CD44 association is more evident with HPV-negative cell lines compared to SCC2. 

This observation could be linked to the p53 degree of integrity in OPSCC subtypes. As 

HPV-negative tumour carries p53 mutations and HPV-positive counterpart displayed 

inactivation of p53 due to the expression of HPV E6 oncoprotein. Under normal condition, 

p53 inhibits the expression of CD44 via the interaction with a non-canonical p53-binding 

sequence in the CD44 promoter. This binding enables the non-malignant cells to respond 

to stress-induced p53-dependent cytostatic and pro-apoptotic signals. A lack of p53 

function has a de-repressing effect on CD44 expression which appears as an essential 

factor for tumour cell growth (Godar et al., 2008).  

Besides the involvement of CD44 signalling in tumour cells invasion and metastasis, 

typically, CD44 positive cells demonstrated stem-like properties with increased 

resistance to chemotherapy and radiotherapy in HNSCC (Chen et al., 2010; Wang and 

Bourguignon, 2011). These features suggest that CD44 may be useful as a prognostic 

biomarker (Lin and Ding, 2017; Wang et al., 2019). Indeed, higher CD44 expression in 

tissue was correlated with advanced stages and poor clinical outcome in HNSCC (Chen 

et al., 2014). In OPSCC, CD44 IHC expression showed a strong CD44 membrane 

staining in p16 negative OPSCC while p16 positive OPSCC showed none or light 

staining in membrane and cytoplasm (Cohen et al., 2017). Assessment of the prognostic 

value of CD44 IHC expression in HPV-DNA positive OPSCC revealed a superior 

advantage associated with disease-specific survival compared with p16 IHC expression 

that showed a correlation with overall survival only (Näsman et al., 2013).  

In this chapter, we also planned to investigate the change in p38 MAPK phosphorylation 

ratio in OPSCC in response to OPN incubation. The specificity of OPN activation 

cascade also requires further validation targeting OPN and CD44. The clinical 
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significance of p38 MAPK involvement in OPSCC tumours has yet to be investigated 

thoroughly. Activation of p38 MAPKs has been shown as a key factor in the production 

of many cytokines, such as IL-1, TNF-α, and IL-6, which have pro-inflammatory, and 

angiogenic effects (Kumar, Boehm and Lee, 2003). p38 MAPK was reported to support 

crucial functions facilitating tumour cell invasion. It induced the expression of the matrix 

metalloproteinases MMP1, MMP3, and MMP13, which in turn regulate matrix 

remodelling and degradation (Pourgholami and Morris, 2008), besides its active 

contribution in epithelial-mesenchymal transition that enhances invasion and migrating 

capabilities (Bhowmick et al., 2001; Neil A. Bhowmick et al., 2001; Huang et al., 2017). 

In cervical cancer cells, activation of p38 MAPK has been shown to be driven by 

OPN/CD44 expression, mediating NF-kB activation. The downstream activation 

subsequently resulted in NF-kB–dependent expression of furin, which enhanced the 

tumour growth in vivo (Kumar et al., 2010).  

6.6 Limitations  

We are aware that this chapter has not covered its stated aims. Our assessment on 

OPN-induced phenotype still requires further confirmation by doing ɑ-SMA and FAP 

expression assessment. Moreover, including a larger number of NTFs' cultures is crucial 

before drawing the conclusion.  

Targeting of OPN in this chapter was limited to CD44v6 receptor only. A combination of 

CD44 and integrins blocking is essential to assess thoroughly the effects of OPN on 

OPSCC fibroblasts. Furthermore, in this chapter, we were not able to analyse OPN 

signaling pathway mediated by CD44 and p38 MAPK.  

6.7 Summary of main findings and clinical implications 

To some extent, some findings in this chapter require further validation by future work, 

as they highlighted new areas for the research in OPSCC: 

We investigated for the first time the functional role of OPN on OPSCC fibroblasts and 

cancer cells. We observed alteration in a subtype of NTF. Moreover, targeting CD44v6 

showed a reduction in IL-6 derived on rOPN stimulation NTF10. Although our 

assessment underpins further investigations, it may provide new molecular insight into 

the understanding of CAFs development induced by OPN. Targeting the dynamic 

interaction between tumour cells and CAFs is a much-needed approach to cancer 

therapy. We have seen that targeting CD44v6 in NTF induced by OPSCC cell line CM 
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resulted in varying degrees of IL-6 reduction. Targeting integrins in addition to CD44v6 

might reveal a potential cancer therapeutic target in OPSCC.  

The immunofluorescence assay showed overexpression in CD44 in response to OPN 

treatment. Further analysis on involvement of CD44 and p38 MAPK pathway activation 

in OPSCC cell lines is required. Understanding of OPN downstream signaling in OPSCC 

may suggest further novel therapeutic strategies in OPSCC. 

. 
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Chapter 7: OPN IHC expression in OPSCC 
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7.1. Introduction 

Many researchers are extensively studying novel tumour biomarkers owing to important 

potential applications in early diagnosis, and therapy modulation. In the clinical setting, 

the diagnosis and evaluation of cancer are mainly based on the clinical and histo-

morphologic assessment. However, molecular biomarkers are more quantifiable and 

may be more reflective of underlying disease mechanisms. In the in vitro sections of this 

thesis, tumour-derived OPN has shown an exclusive association with one subtype of 

OPSCC only (HPV-negative). Moreover, it has demonstrated the ability to modulate 

normal fibroblasts into the more active secretory phenotype. However, our observations 

were based on an in vitro model with the absence of the majority of TME components 

and associated essential signalling pathways.  OPN, as a multifunctional protein, has 

been known for its functions in promoting tumour cell migration, metastasis and tumour 

survival. It has been suggested by many authors as a prognostic biomarker (Crawford, 

Matrisian and Liaw, 1998; Danzaki et al., 2016), however, the prognostic value of OPN 

expression in OPSCC tissue has not been assessed. Here, in the last chapter, we aimed 

to examine OPN and IL-6 expression in OPSCC tissue in a validation step of our in vitro 

findings. Moreover, we aimed to determine their prognostic performance in OPSCC 

using IHC and RNAScope assays.  

Unfortunately, our research has been affected by the national lockdown measures 

against COVID 19 pandemic. Only OPN IHC assay was performed for the whole OPSCC 

cohort, and we were not able to do OPN ISH. Moreover, IL-6 RNAScope was performed 

only for cohort 2 TMAs’ sections.  
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7.2. Aims 

● Validate the cytokine array findings regarding OPN and IL-6 expression in 

OPSCC tissue. 

 

● Determine OPN IHC threshold in OPSCC and evaluate its prognostic 

performance. 

 

7.3. Experimental approach and statistical analysis  

● OPN biomarker expression was assessed by performing IHC staining for the 

study cohort. OPN threshold of expression was assessed using ROC curves. 

Demographic comparison between OPN groups was performed using Chi-

square test. 

 

• The prognostic value of OPN as a biomarker was evaluated and compared in 

OPSCC subtypes using Kaplan-Meier method, Log-Rank test and Unadjusted 

Cox regression model (Univariate). 

 

• IL-6 RNAScope was performed only for cohort 2. IL-6 prognostic value was 

evaluated using Kaplan-Meier method and Log-Rank tests. 

 

● The prognostic strength of the study biomarkers, collectively, was evaluated 

using multivariate Cox regression model. 

 

● All analysis performed using SPSS (versions 23-26). p-value<0.05 was 

considered significant. HR>1 indicated a positive correlation with the hazard 

(Mortality). 
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7.4. Results 

7.4.1. OPN IHC Antibody Titration  

To evaluate OPN IHC expression in OPSCC, the study cohort was subjected to OPN 

IHC staining using OPN antibody (22952, Proteintech, UK). We started by antibody 

titration following the manufacturer's instructions to select the most appropriate antibody 

concentration. TMA slides were subjected to both the highest and lowest suggested 

antibody concentration: 1:50 and 1:200. Under the light microscope, stained slides with 

(1:50) antibody concentration “OPN1” showed a non-specific high-intensity pattern that 

covers the majority of cores, without displaying a degree of specificity between tumour 

and stroma expressions. The demarcation between the tumour islands and stroma was 

obscured by the deep overlapped staining (Figures 7.1). On other hand, 1:200 antibody 

concentration “OPN2” showed a clearer background between the stained tumour 

islands. Also, there was an evident difference in staining intensity within the same core.  

This dynamic range in OPN stain suggested 1:200 antibody dilution is the most 

appropriate concentration in OPSCC tissue for this study. 
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Figure 7.1: Dynamic range in OPN IHC stain using different antibody dilutions. 

Matched slides were subjected to 1:50 (right panels) and 1:200 (left panels) using OPN 

antibody (Proteintech, UK). 
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7.4.2. OPN IHC stain patterns in OPSCC tumour cells 

7.4.2.1 OPN IHC assay controls 

7.4.2.1.1. Positive control. 

A placenta tissue section was provided kindly by Prof. Craig Murdoch to serve as OPN 

IHC positive control. OPN has been detected in the human uterus during peri-

implantation, suggesting a role in implantation and placentation. Also, its function was 

linked to cell-cell and cell-ECM communication within the uterus and placenta (Johnson 

et al., 2003). In this study, placenta tissue showed a strong brown immuno-staining of 

the chorionic villi, which indicated the optimum staining protocol (Figure 7.2).  

 

 

Figure 7.2: IHC staining of OPN expression in the placenta. Example of positive 

immunostaining for OPN in human tissue (OPN antibody positive control). 

 

7.4.2.1.2. Non-malignant OP tissue. 

To assess OPN IHC expression in OPSCC, we had a look at OPN expression in non-

malignant OP structures (Figure 7.3).  OPN was expressed by the immune cells and 

lymphoid tissue at different intensities. Macrophages’ foci appeared in large deeply 

stained spots within the stained inflammatory background. 
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Figure 7.3: OPN expression in normal OP tissue. Sections were subjected to OPN antibody at 

1:200 dilution (Proteintech, UK). Arrows pointed to macrophage foci spots. 

 

7.4.2.2 Complete OPN-negative or positive stain pattern in OPSCC. 

A complete absence of OPN expression was noticed in a limited number of the tissue 

cores which further indicated OPN antibody specificity (Figure 7.4). On the contrary, full-

thickness OPN positivity with a homogenous intensity was detected in a larger number 

of tissue cores (Figure 7.5). Notably, the surrounding stroma showed a degree of OPN 

stain intensity that in some cases was higher than the tumour islands. 
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Figure 7.4: Complete OPN-negative OPSCC tissue. The section was subjected to OPN 

antibody at 1:200 dilution (Proteintech, UK). 

 

 

Figure 7.5 A: Full-thickness OPN expression in OPSCC. The section was subjected to OPN 

antibody at 1:200 dilution (Proteintech, UK). Notice the strong OPN staining in tumour islands 

while stroma appeared less stained. 
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Figure 7.5 B: Full-thickness OPN expression in OPSCC. The section was subjected to OPN 

antibody at 1:200 dilution (Proteintech, UK). Notice the strong OPN staining in both the tumour 

islands and the stroma. 

 

 

Figure 7.5 C: Full-thickness OPN expression in OPSCC. The section was subjected to OPN 

antibody at 1:200 dilution (Proteintech, UK). Notice the strong OPN staining in stroma while 

tumour cells showed less OPN stain intensity. 
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7.4.2.3 OPN partially stained OPSCC.  

Due to the nature of the IHC assay, the immunostaining has a wide dynamic range 

between two ends of strong immunopositivity and completely negative immuno-stain. 

The OPN IHC assay in OPSCC showed a wide variety of staining patterns that range 

between a score of  4 - 8 (Figure 7.6).  OPN positive cells showed strong brown staining 

for part of the epithelium thickness, however, in some tissue sections, OPN positive 

portion was most prominent toward the top (superficial) part of the epithelium or in the 

edges of the tumour islands. By the comparison with H&E-stained slides, some OPSCC 

tissue sections showed a degree of terminal differentiation in the higher epithelium layers 

which correlated with OPN expression. This observation suggests that OPN 

overexpression may relate to cell differentiation. However, in other cases, this pattern 

might be a demonstration of the functional crosstalk between stromal cells and adjacent 

cancer cells in OPN overexpression. Cancer cells that were located in direct interaction 

with stroma cells, mainly CAFs, might be induced intensively via CAF paracrine signalling 

mediated by OPN overexpression. 

In some sections, with large tumour islands, OPN expression was toward the centre, 

which suggested the functional expression of OPN in hypoxic tissue. OPN was identified 

as a hypoxia regulator among other factors in HNSCC (Byers et al., 2011). High OPN 

levels were correlated with tumour hypoxia and worse outcomes in HNSCC (Courter et 

al., 2010).  We also noticed that the stroma was heavily infiltrated by deeply stained 

stroma cells that were merged and overlapped the tumour islands. These are most likely 

immune cells, which were not included in the in vitro model. It was unclear if the OPN 

immunopositivity was tumour-derived or stroma-derived.  
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           (A) 

 

      (B) 

Figure 7.6 A: OPN partially stained OPSCC. (A) OPN IHC assay using 1:200 antibody 

dilution (Proteintech, UK). (B) Corresponding H/E slide. Notice OPN expression in tumour 

cells that are in close direct contact with the underlying stroma. 
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(A) 

 

 

 

 

 

 

 

(B) 

Figure 7.6 B: Partial OPN staining in OPSCC. (A) OPN IHC assay using 1:200 antibody dilution 

(Proteintech, UK). (B) Corresponding H/E slide. Notice OPN expression in tumour cells which in 

close direct contact with underlying stroma. 
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(A) 

 

(B) 

Figure 7.6 C: OPN partially stained OPSCC. (A) OPN IHC assay using 1:200 antibody dilution 

(Proteintech, UK). (B) Corresponding H/E slide. Notice the outer-layer expression of OPN in 

tumour island which may relate to tumour cell differentiation. Also noticed the heavily infiltrated 

stroma with deeply stained cells. 
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(A) 

 

(B) 

Figure 7.6 D: OPN partially stained OPSCC. (A) OPN IHC assay using 1:200 antibody dilution 

(Proteintech, UK). (B) Corresponding H/E slide. Notice the outer-layer expression of OPN in 

tumour island which most likely linked to tumour cells differentiation, however, expression of OPN 

the centre of tumour islands is most likely related to the hypoxia. A and B imges represent the 

same tissue core. 
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(A) 

 

(B) 

Figure 7.6 E: OPN partially stained OPSCC. (A) OPN IHC assay using 1:200 antibody dilution 

(Proteintech, UK). (B) Corresponding H/E slide. Notice the heavily stained stroma which 

overlapped poorly differentiated cancer islands. A and B imges represent the same tissue core. 
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7.4.3 OPN expression distribution in OPSCC subtypes 

OPN IHC score was based on the assessment of OPN stain intensity in the tumour cells 

(0=absent, 1=weak, 2=moderate, 3=strong) multiply by the score of stained percentage 

of epithelium thickness (0=<5%, 1=<25%, 2=<50%, 3=<75, 4=75-100%). The scoring 

scale ranged from 0-12. During the stain scoring, we observed different values of OPN 

score in TMAs’ cores (2,4,6,8,9,12). However, for each case, we selected the highest 

score among the relative tissue cores. The final OPN score for the cases ranges between 

(4, 8, and 12). We started the data analysis by assessing OPN expression in OPSCC 

subtypes and testing if there is a relationship between OPN expression and HPV status 

(Figure 7.7). Interestingly, OPN scores were distributed in a comparable pattern in both 

OPSCC groups. In addition to HPV-negative OPSCC, many HPV-positive OPSCC cases 

also expressed a high amount of OPN. Moreover, a low OPN expression score was 

observed in some cases of both OPSCC subtypes. Chi-square test (p=0.71). 

Figure 7.7: OPN IHC expression distribution based on HPV status in OPSCC cohort. Total 

case number: HPV-positive group (n=86) and HPV-negative group (n=50). IHC was undertaken 

at 1:200 OPN antibody dilution (Proteintech, UK). No evident difference between the two HPV 

groups in terms of OPN expression using Chi-square test (p>0.05). 
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7.4.4 Prognostic threshold determination for OPN IHC 

Following OPN IHC scoring, we had to establish the positive cut-off point for OPN IHC 

in OPSCC, as that has not been done rigorously in the literature. We followed a 

mathematical approach to determine OPN IHC threshold robustly using ROC curves. 

Our calculation is based on the clinical correlation between OPN expression and patient 

prognosis. OPN overexpression was correlated by the majority of authors with diseases 

severity and poorer clinical outcomes (Coppola et al., 2004; Kita et al., 2006; Chien et 

al., 2009). ROC curve was plotted in relation to OPN sensitivity and 1-specificity in cohort 

survival prediction (Figure 7.8).  

However, ROC curve analysis indicated a weak correlation between OPN IHC 

expression and prognosis. The curve was located under the reference number with area 

under the curve less than 0.5 (AUC= 0.4). Moreover, the test suggested two thresholds 

of “6” and “10” which displayed poor performance in mortality detection. The threshold 

of 6 showed relatively high sensitivity (84%) accompanied by low specificity (14%), while 

threshold 10 showed low sensitivity and specificity (31% and 48%, respectively). 

 

 

 

 

 

 

 

 

 

Figure 7.8: Prognostic OPN IHC threshold determination in OPSCC using ROC curve. The 

curve plotted OPN IHC sensitivity against 1-specificity in survival prediction of the OPSCC cohort. 

The curve showed a weak association with poor survival (AUC<0.9) and suggested different 

thresholds depend on varied sensitivity and specificity values.  

 

AUC=0.4 
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Based on OPN immunostaining, the study cohort was distributed around 3 groups of 

OPN IHC score (score 4, score 8, and score12). By utilising this difference in expression, 

we classified the study cohort into “Low”, “Moderate” and “High” OPN IHC expression, 

respectively. 

 

7.4.5 OPSCC cohort characterisation based on OPN IHC 

expression 

The study cohort has been categorised into three groups based on the OPN IHC score 

(Table 7.1). The percentage of HPV positive cases in the low OPN group was 83% 

(n=18) while it was 61.5% and 60% in the Moderate and High OPN groups, respectively. 

The distributions of age and gender showed no statistically significant differences 

between OPN groups (p>0.05), however, M:F ratio was relatively higher in the Low OPN 

group (5:1). Smoking habits also showed comparable data distribution (p=0.56). 

Interestingly, the current smoker percentage among OPN groups was almost the same 

(around 38%). Moderate and Low OPN groups showed a comparable pattern of T grade 

status, no evident difference was detected in T1/T2 and T3/T4 distribution (40.3% and 

55.5% and 59.6% and 44.4% in Moderate and Low groups, respectively).  The high OPN 

group showed a larger percentage of T1/T2 than T3/T4 (66.1% and 33.8%, respectively). 

The differences in T stage distribution between OPN groups was statistically significant 

(p=0.02). However, no evident difference was detected in N status nor overall TNM stage 

(p>0.05), although the Low OPN group showed a higher percentage of stage IV (76.4%, 

n=13/18). On the contrary, the High OPN group showed the largest percentage of non-

recurrent disease (93.7%, n=60/64). Moreover, the largest surviving proportion was 

observed in the High OPN group (84.1%) followed by the Low group (72.2%) (Log-rank 

p=0.07).     
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Table 7.1: Summary of demographic comparison in OPSCC cohort based on 

OPN expression.  Total number of cases (n= 136). 

 

 

 

26 (39.4) 20 (38.5) 3 (17) 

(7th) 
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7.4.6 OPN IHC prognostic value in OPSCC 

The ROC curve failed to produce an acceptable diagnostic threshold for OPN IHC 

concerning the cohort's worst prognosis. The result might indicate that OPN has no 

correlation with OPSCC survival or could provide a protective feature. However, to 

evaluate this association accurately, we performed the survival analysis comparing the 

OPN IHC subgroups (High, Moderate and Low). The test was performed for the whole 

cohort, HPV-negative OPSCC group only and HPV-positive OPSCC group only.  

 

7.4.6.1. Kaplan-Meier method 

Kaplan-Meier method demonstrated interesting results by demonstrating that the High 

OPN group had superior overall survival compared to the Moderate and Low OPN 

groups. This feature is more evident in HPV-positive group (p=0.06), and the whole 

cohort in total (p=0.07) than in HPV-negative group (p=0.19). However, p-value did not 

reach the significance limit (p<0.05) (Figures 7. 9-11). Moderate and Low OPN showed 

a relationship with low survival to some extent. The low OPN group showed lower 

survival in HPV-positive group with an estimated mean of 4.1 years (95% CI; 2.7- 5.4), 

while, in HPV-negative, the moderate group displayed a lower survival estimate of 2.9 

years (95% CI; 1.9- 3.8) (Table 7.2). 

 

Table 7.2: Summary of Kaplan-Meier method in OPSCC based on OPN expression 
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Figure 7.9: Overall survival rates in the whole study cohort based on OPN expression. The 

survival curve at 5-years follow-up showing overall survival using Kaplan-Meier method. The 

green curve represents the High OPN group (n=66), the blue curve represents the Moderate OPN 

group (n=52), and the red curve represents the Low OPN group (n=18). Each drop-step in the 

curve illustrates a case of death. Each vertical line (Hash lines) on the curve indicates censored 

data. The High OPN curve demonstrated the best survival fraction. Log-rank p= 0.07. 
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Figure 7.10: Overall survival rates in HPV-positive group based on OPN 

expression. The survival curve at 5-years follow-up concerning overall survival using 

Kaplan-Meier method. The green curve represents the High OPN group (n=44), the blue 

curve represents the Moderate OPN group (n=31), and the red curve represents the Low 

OPN group (n=11). Each drop-step in the curve illustrates a case of death. Each vertical 

line (Hash lines) on the curve indicates censored data. The High OPN curve demonstrated 

the best survival fraction. Log-rank p= 0.06. 
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Figure 7.11: Overall survival rates in HPV-negative group based on OPN 

expression. The survival curve at 5-years follow-up concerning overall survival using 

Kaplan-Meier method. The green curve represents the High OPN group (n=22), the blue 

curve represents the Moderate OPN group (n=21), and the red curve represents the Low 

OPN group (n=7). Each drop-step in the curve illustrates a case of death. Each vertical 

line (Hash lines) on the curve indicates censored data. Low OPN curve demonstrated 

the worst survival fraction. Log-rank p= 0.19. 

 

7.4.6.2. Univariate Cox regression Model (Unadjusted)  

Based on the Kaplan Meier method, the high OPN group demonstrated the longest 

survival in all tested cohorts. This observation led to further investigation to assess HR 

in this group compared to Moderate and Low OPN groups (M/L).  Using a univariate 

regression model, High OPN expression was confirmed as a significant independent 

prognostic factor in the whole study cohort, regardless of HPV status (p=0.03). High OPN 

OPSCC group showed a lower hazard ratio compared to the M/L OPN group that 

demonstrated a higher risk with 2.26-fold (95% CI: 1.07-4.75). However, by evaluating 

OPN prognostic performance in OPSCC based on HPV positivity, High OPN was 

identified as a “protective” feature in the HPV-positive group (p=0.05), but not in the HPV-

negative (p=0.26) (Table 7.3, Figure 7.12).  
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Table 7.3: Univariate Cox regression model based on OPN expression 

 

 

 

 

 

 

 

 

 

 

Figure 7.12: Forest plot illustrates OPN hazard ratios according to Univariate regression 

model. Univariate model was established to obtain the OPN hazard ratio in the whole group, 

HPV-positive group only and HPV-negative group only. HR (Red dot) presented with 95% CI 

upper and lower values. The dotted line represents the strength cut-off of HR (1). HR before the 

line indicates a weak correlation with the hazard (mortality) and vice versa. High OPN showed a 

protective feature in HPV-positive, while it has no impact on HPV-negative group. 
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7.4.6.3. IL-6 RNAScope analysis in OPSCC  

IL-6 mRNA expression assessment in OPSCC was performed on freshly baked slides to 

ensure RNA integrity using RNAScope RNA ISH. Cohort 1 was provided as already 

baked tissue sections, and it was not possible to access fresh sections in a timely manner 

due to the lockdown. In cohort 2, IL-6 transcript signals were observed to a variable 

extent in cohort 2 sections, however, the normal tonsils cores also showed a high 

abundance of IL-6 expression (Figure 7.13). Notably, in some OPSCC sections, IL-6 was 

preferentially located in tumour invasive front sites of the stroma (Figure 7.14).  

 

 

 

 

 

 

 

Figure 7.13: IL-6 RNAScope expression in normal tonsillar tissue. Arrows pointed to IL-6 

mRNA expression clusters within the lymphoid tissue (magnification 20x). 

 

 

 

 

 

 

(A) 
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(B) 

Figure 7.14: IL-6 RNAScope expression in the stroma in relation to invasive front sites. A 

and B magnifications 20x and 40x, respectively.  Arrows pointed to IL-6 mRNA expression.  

 

7.4.6.4. Distribution of IL-6 RNAScope expression in OPSCC cohort 

The expression of IL-6 signals has been evaluated and scored for OPSCC stroma 

according to a modified scoring scheme from Yu et al., (2015).  In their scoring scheme, 

IL-6 expression was classified into 4 levels according to the number of positive cells: 0, 

no cells. 1, areas with 5-10 positive cells per 20x field. 2, areas with 11-25 positive cells 

per 20x field. 3, areas with 26-50 positive cells per 20x. 4, areas of more than 50 positive 

cells per 20x field. 

We grouped those 4 levels into 2 groups: group 1 “Low IL-6” (≥26 positive cells) and 

group 2 “High IL-6” (≤25 positive cells). By looking at IL-6 RNAScope distribution in 

OPSCC based on HPV status, there was no significant difference between HPV-positive 

and negative groups (p=0.77). Both groups showed a high expression of IL-6 transcripts 

with comparable values. 37.5% in HPV-positive group n=14/39, and 40% in HPV-

negative group n=6/15. (Table 7.4). 
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Table 7.4: Distribution of IL-6 RNAScope expression in OPSCC

 

 

7.4.6.5. Prognostic value of IL-6 in OPSCC 

Assessment of the prognostic value of IL-6 mRNA expression in cohort 2 (n=54) based 

on IL-6 mRNA revealed no statistical significance between HPV-positive and negative 

OPSCCs (Log-rank p= 0.84) High IL-6 group (n=20) and Low IL-6 group (n=34) showed 

a similar mean survival time (4.4 years, 95% CI: 3.8-5) and (4.3 years, 95% CI: 3.8-4.7) 

(Table 7.5, figure 7.15).  

 

Table 7.5: Summary of Kaplan-Meier method for cohort 2 based on IL-6 RNAScope 

expression. 
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Figure 7.15: Overall survival rate in OPSCC based on IL-6 RNAScope.  The overall survival 

curve at 5-years follow-up using Kaplan-Meier method. The red curve represents the High IL-6 

OPSCC group (n=20) and the blue curve represents the Low IL-6 OPSCC group (n=34). Each 

drop-step in the curve illustrates a case of death. Each vertical line on the curve illustrates the 

last time seen for a live case. There was no difference in overall survival between the two tested 

groups. Log-rank p= 0.84.    
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7.4.7. Multivariate Cox model for the study biomarkers  

Multivariate models provide a risk stratification of all of the tested predictors at the same 

time. HR, here, is adjusted to the other factors in the analysis, not to the control group of 

the same predictor. p-value here is testing the difference between the HR of positive 

predictor and negative predictor based on the adjusted model result. 

The well-established HPV-related biomarker p16 demonstrated strong independent 

performance even in the adjusted model. Negative p16 status was strongly associated 

with mortality with relatively high HR=5.52 (95% CI: 2.6-11.4), while p16 expression was 

associated with survival (HR= 0.18; 95% CI: 0.08-0.37). The difference between the two 

HRs is statistically significant (p<0.001). 

ɑ-SMA biomarker expression in the whole study cohort displayed better performance in 

multivariate assessment than the univariate. ɑ-SMA HR revealed a significant 

association with the hazard considering the other covariates. By the comparison with 

tested positive predictors, High ɑ-SMA expression was associated significantly with the 

hazard (Mortality) (HR=2.2; 95% CI: 1.06-4.7) (p=0.011). On the other side, Low ɑ-SMA 

expression provides a favourable indication for the survival compared with other 

predictors adjusted in the test (HR=0.45; 95% CI: 0.21-0.95). This alteration in the 

predictive significance in multivariate compared with univariate is a result of including 

variable (or set of variables) in the regression equation that increases the predictive validity 

of another, known as “Suppressor effect” (Tzelgov and Henik, 1991). This type of results 

should be interpreted cautiously considering the clinical implications.  

The comparison of OPN biomarker strength in OPSCC with p16 and ɑ-SMA biomarkers 

revealed a significant independent predictive value of OPN biomarker in OPSCC. High 

OPN OPSCC population demonstrated low HR (0.37; 95% CI: 0.17-0.79) compared to 

the Low OPN OPSCC population (HR=2.7; 95% CI: 1.26- 5.7; p=0.01). (Table 7.6 and 

figure 7.14). 
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Table 7.6: Multivariate Cox regression model on the whole study cohort based on 

the study’s biomarkers expressions. 

 

 

 

 

 

 

 

 

 

 

Figure 7.14: Forest plot illustrates the strength of the study’s biomarkers expression 

according to the multivariate regression model. Adjusted model (multivariate) was established 

to obtain biomarkers hazard ratios in the whole study group. HR (Red dot) presented with 95% 

CI upper and lower values. The dotted line represents the strength cut-off of HR (1). HR before 

the line indicates a weak correlation with the hazard (mortality) and vice versa. 
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7.5. Discussion 

This is the first study evaluating OPN IHC expression in an established OPSCC cohort. 

Due to time restrictions, our assessment was limited to IHC assay only that revealed 

interesting novel findings. Our study reported High OPN IHC expression as an 

independent predictive biomarker in OPSCC associated positively with overall survival 

using univariate and multivariate regression models (p-value = 0.03 and 0.01, 

respectively). We attempted to analyse the available data rigorously and correlate the 

findings with the available knowledge and our understanding in the field, however, a 

number of questions have been raised during the results’ discussion that requires further 

investigation. Validation of our novel finding in OPSCC might provide a further feature 

for OPSCC patient selection for de-intensifying therapy protocols. 

7.5.1. OPN expression in OPSCC 

OPN expression in normal human tissue has been investigated using a multifaceted 

approach including in situ hybridisation, immunohistochemistry, and northern blot for 

frozen tissue.  OPN protein deposition in FFPE tissue was identified prominently at the 

luminal surfaces of the salivary glands, gastrointestinal tract, urinary and reproductive 

tracts, lung, and breast tissue (Brown et al., 1992). Moreover, OPN IHC expression was 

observed clearly in the central and peripheral nervous system (Kunii et al., 2009), sweat 

gland duct (Ogbureke and Fisher, 2007), hair follicles and sebaceous glands (Chang et 

al., 2008). According to the human protein atlas, normal tonsillar tissue is devoid of OPN 

protein expression. In normal lymphoid tissue, OPN protein expression is confined to the 

non-germinal centre cells only (Tissue expression of SPP1 - Summary - The Human 

Protein Atlas, 2021). However, in this study, we included a number of non-malignant 

tonsil and lymph node sections that showed a varying degree of OPN staining intensity 

ranging between weak and moderate. The degree of OPN expression in these sections 

has raised a concern regarding the OPN immunopositivity threshold in OPSCC. The 

expression of OPN in non-malignant tonsils might be attributed to an inflammatory 

mechanism in response to other pathogens that trigger pro-inflammatory cytokines 

expression including OPN. High OPN expression was reported in non-malignant lymph 

nodes, and it has been included as an OPN-positive control in some studies (Li et al., 

2012). Here, the first question has been raised: should we follow the available suggested 

thresholds in the literature with OP tissues despite the inflammatory nature of the 

anatomical site?  
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OPN expression showed a strong correlation with specific tumours from different body 

sites. In a study of 350 tissue sections from different body tumours, High OPN expression 

was observed in all of the tissue from the gastric carcinoma sections (100%). Colorectal 

carcinomas, transitional cell carcinomas of the renal pelvis, and pancreatic carcinomas 

all showed a high percentage of OPN overexpression compared to normal counterparts 

(85%, 82% and 81%, respectively). Renal cell carcinomas, lung and oesophageal 

carcinomas also demonstrated a relatively high percentage of OPN positivity ranging 

from 72-70%. Moreover, OPN high expression was detected in 58% of HNSCC sections 

(n=60, including 5 cases of OPSCC) (Coppola et al., 2004). Notably, the published 

images in Coppola’s paper represented strong OPN stain in OSCC cells within a clear 

background. The adjacent stroma showed a scant expression of OPN. In contrast, in our 

OPSCC cohort, we detected High OPN expression in 48.5% (n=66/136) with comparable 

distribution in both OPSCC subtypes, however, in the majority of OPSCC sections, the 

associated stroma was extensively stained.   

In our study, the cohort showed a wide variation of OPN expression, regardless of HPV 

status. In both HPV-positive and negative groups, we observed High, Moderate and Low 

OPN expressions. Interestingly, 83% of the Low OPN group (n=15/18) were HPV-

positive. Despite the small number of cases in the Low OPN group, this observation is 

consistent with our in vitro finding in OPSCC cell lines. In an early response to short-term 

co-culturing with OPSCC fibroblasts, only the HPV-negative cell line (SCC89) 

demonstrated a significant upregulation in OPN, not the HPV-positive cell line (SCC2), 

which might suggest a tendency of OPN association with HPV-negative OPSCC. 

However, High OPN expression was detected also in HPV-positive OPSCC tissue to a 

great extent in this study.  

The challenging dilemma in this chapter was the determination of the OPN IHC staining 

threshold. Due to the subjective nature of IHC scoring, there is always a possibility of 

interobserver variability in threshold definition and risk of bias. Since ours was the first 

study that has investigated OPN IHC in an OPSCC cohort, we tried to establish the OPN 

cut-off based on a robust mathematical approach using ROC curves. However, the curve 

analysis revealed an expected result by demonstrating a weak correlation between OPN 

expression and poor survival.  Kita et al. (2006) suggested a definition of positive OPN 

carcinoma tissue based on their observation in oesophageal squamous cell carcinoma. 

They considered the expression of OPN in more than 10% as the OPN positive cut off. 

By reviewing Kita’s paper images, OPN immune-localisation was confined to carcinoma 

with intensity ranges between moderate and high, however, there was no detectable 



289 

 

OPN expression in the surrounding stroma. This threshold has been adopted by a large 

number of studies in OSCC which linked OPN expression with worse outcome 

parameters including advance T grade and N status. Notably, the OSCC stroma did not 

show evident OPN expression as we have seen in OPSCC (Chien et al., 2008, 2009; 

Luo et al., 2015). Again, our previous first question has been highlighted here:  is the 

extensively stained stroma in OPSCC linked to the histological nature of OP tonsil tissue 

or is it attributable to technical issues related to the antibody concentration and the 

antigen retrieval method? Can we adopt Kita’s threshold in OPSCC? However, we have 

seen some sections with complete immune-negativity; also, in some High OPN sections, 

the stroma displayed a weak pattern of staining which suggests that the immune-reactive 

specificity of the antibody is reasonable. We have seen OPN in the cytoplasm and nuclei 

of the cancer cells and that was reported before (Junaid et al., 2007; Shinohara et al., 

2008). As ours is the first study that detected OPN IHC expression in OPSCC, we 

preferred to adhere to the manufacturer’s instructions in the selection of antibody 

dilutions to be within the recommended limit. 

From our point of view, adoption of the cut off proposed by Kita et al. (2006) in OPSCC 

is dependent, to an extent, on accurate recognition of the cellular source of OPN 

production in tissue using OPN ISH, especially in partially stained cases. The TME 

comprises several inflammatory cells and a network of signalling pathways. OPN has 

been shown to be produced and released by peritumoral inflammatory cells, mainly 

macrophages, dendritic cells and T cells (Shinohara et al., 2005). There is an assumption 

by many authors that not all detected OPN protein in cancer cells is tumour-derived. 

They postulate that secreted stromal-derived OPN could be integrated into cancer cells 

through cell surface receptors (Brown et al., 1994; Erkvliet et al., 1998). This assumption 

has been supported by Brown and co-workers. In various types of solid tumours, OPN 

ISH expression showed an intimate association with macrophages adjacent to cancer 

cells, while there was no detectable OPN mRNA in related cancer cells (Brown et al., 

1994).  

However, that does not imply that all the partially stained epithelium is OPN-negative. 

The localisation of stained cancer cells at the uppermost layers of the epithelium 

thickness might also suggest the source of OPN secretion in relation to its function in 

malignant cell transformation and tumour progression. OPN overexpression has been 

correlated with malignant cell transformation and dedifferentiation (Senger, Wirth and 

Hynes, 1979). In OSCC and other tumours, the reports have shown that OPN expression 

has increased from lower to higher histological grades (Korita, Wakai and Shirai, 2008; 
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Subramani et al., 2015; Aravind et al., 2017). Moreover, the intensity of OPN expression 

was observed to gradually increase from normal epithelium to dysplastic cells that 

showed a moderate intensity of expression, while in the invasive front, tumour islands 

demonstrated strong OPN staining intensity (Chien et al., 2009; Lakshmi et al., 2019). 

Another possible explanation of partially/low stained superficial epithelial layers and 

higher expression in the basal compartment is a close approximation with cells in the 

TME. We have shown in chapter 5 that OPN was significantly upregulated in cancer cells 

in response to crosstalk with OPSCC fibroblasts. Accumulation of OPN stain at the 

centre of tumour islands also suggested the functional role of OPN in hypoxic tissue. 

OPN expression has shown to be strongly modulated by hypoxia in vitro (Wohlleben et 

al., 2015); moreover, its protein expression in tissue has demonstrated a strong 

correlation with oxygenation parameters in advanced HNC and worse prognosis (Bache 

et al., 2006). However, this assumption requires further assessment of hypoxia 

biomarkers in OPSCC cohort. 

7.5.2. High OPN OPSCC characteristics  

 Analysis of the clinical features in the High OPN OPSCC group revealed results 

inconsistent with the available data in the literature. In the majority of studies, 

overexpression of OPN was associated with poor differentiation, advanced T and N 

stage beside the high tendency to develop a recurrent tumour (Chien et al., 2009; Weber, 

Lett and Haubein, 2010). In our cohort, T stage distribution showed a significant 

difference among OPN groups (p=0.02). The High OPN group comprised more cases 

with smaller tumour size (T1/T2 comprised 66.1%) than larger tumours. Moreover, the 

High OPN group showed the highest percentage of recurrence-free patients (93.7%).  

Despite these clinical parameters being distinct and not mutually unrelated, the clinical 

presentation of the poorly differentiated, high-grade tumour is more likely to be 

disseminated and consequently develop a high stage tumour. Although the molecular 

mechanisms behind these events are overlapping, OPN is found to be associated with 

all of them, which may explain the positive correlation between OPN overexpression and 

poor clinical outcomes. However, our observation, based on OPN IHC, showed no 

detectable differences in clinical parameters between Low, Moderate and High; on the 

contrary, the High OPN group showed smaller tumour size and less recurrence 

percentage which suggested a different function of OPN IHC expression in OPSCC. 

. 
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7.5.3. OPN IHC prognostic value in OPSCC 

The ROC curve analysis indicated a weak correlation between OPN IHC overexpression 

and poor prognosis. The test was followed by Kaplan-Meier method to investigate 

thoroughly the prognostic value of OPN staining in OPSCC according to available data. 

We preferred to assess and compare the survival curve for each OPN IHC group (High, 

Moderate and Low) to understand the nature of Moderate group expression. Surprisingly, 

the survival curves revealed expected contradictory results in the OPSCC cohort, as the 

High OPN group showed a longer survival time compared to other OPN groups. This 

difference was evident in the HPV-positive group (p=0.06) rather than in the HPV-

negative group (p=0.19). This finding is contrary to the known functions of OPN in several 

tumours where High OPN expression has been correlated with high T stage, N stage 

and high clinical-stage, suggesting that OPN may be involved in tumour metastasis and 

progression (Chien et al., 2008; Cho et al., 2008; Chiu et al., 2010; Li et al., 2012). 

The survival curve of Moderate OPN group showed better survival than Low OPN in the 

HPV-positive cohort, while in HPV-negative, it overlapped the High OPN curve, 

demonstrating a low survival fraction in both groups.  In the whole cohort, the survival 

curves were influenced by the strength of the survival features in HPV groups. High OPN 

curve demonstrated the best survival time over the other groups, however, that was not 

statistically significant (p=0.07). Based on Kaplan Meier findings, we postulated that the 

High OPN group is a distinct population in the OPSCC cohort with better survival 

features. We assessed our hypothesis by exploring the hazard ratio of High OPN 

expression against M/L groups. In the whole cohort, High OPN provides a protective 

feature demonstrated in low HR (HR=0.44; 95% CI; 0.2-0.93) compared to M/L group 

(HR=2.26; 95% CI; 1.07- 4.75; p= 0.03) at univariate model. Moreover, HPV-positive 

group showed marginally significant HR differences (p=0.05), while HPV-negative 

demonstrated no differences statistically (p=0.26). The predictive ability of OPN 

expression remained evident in the multivariate model, including p16 and α-SMA 

biomarkers (p=0.01). The evidence above indicated that High OPN IHC expression is a 

protective feature in OPSCC, regardless of HPV status, but this feature is more 

prominent in HPV-positive group. This contradictory novel finding has raised the second 

important question in this chapter: Why did High OPN expression show a distinct role in 

OPSCC?  

At the moment, there is no direct answer to this question. There are many assumptions 

that might be related to an OPN mediated tumour-suppression effect; however, further 

investigation is needed to understand this correlation. The first possible explanation is 
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related to the source of OPN production; in solid tumours, OPN is secreted by cancer 

cells and cells in the tumour microenvironment (host-derived as described by some 

authors). Both types interact in a complex process characterised by antagonistic 

functional roles as was evident in vivo using an OPN-null animals’ models (Crawford, 

Matrisian and Liaw, 1998; Hsieh et al., 2012). Absence of stromal-derived OPN 

accelerated the growth and progression of the tumour cells and developed a greater 

number of metastases compared with wild-type animals. The difference in tumour growth 

was inversely correlated with the degree of macrophage infiltration (Crawford, Matrisian 

and Liaw, 1998). This process was thought to be mediated through the ability of stromal-

derived OPN in macrophage chemoattractant via elicitation of an early innate 

inflammatory response, in addition to its ability in enhancing the survival of inflammatory 

cells (Hsieh et al., 2012). On the other side, tumour-derived OPN was demonstrated as 

a potentially destructive and inhibitor factor to the macrophages besides its ability in 

promoting metastasis growth and survival (Hsieh et al., 2012). 

The second possible explanation was related to the distinct functions of OPN form; OPN 

has two froms that can be generated from the same mRNA transcript. However, the 

alternation in transduction mechanism resulted in the formation of two different forms 

with distinct biological roles (Inoue and Shinohara, 2011). OPN was widely known as an 

extracellular secretory protein that has been described generally in cancer research, with 

its dark side in promoting and facilitating tumour cell proliferation, migration. In striking 

contrast, some, but not many, reports have demonstrated that OPN inhibits tumour 

progression and correlates with favourable survival (Collins et al., 2012; Danzaki et al., 

2016; Franklin et al., 2019). This promising side of OPN was linked mostly to the 

intracellular OPN form (iOPN) rather than the secreted OPN (sOPN) (Inoue and 

Shinohara, 2011). iOPN is a non-secretory form of OPN that was detected in different 

cell types, localised into the cytoplasm and cell nuclei. In the tumour microenvironment, 

iOPN is synthesised mainly by macrophages, T cells and dendritic cells and was linked 

to several immune mechanisms. It is identified as an adaptor molecule in signalling 

pathways downstream of innate immune receptors (Shinohara et al., 2012). The innate 

immune system is the first line of defence against HPV infection which is mediated by a 

variety of mechanisms’ involvement, including macrophages and NK cells recruitment; 

however, the innate immune response to HPV infection in OPSCC is incompletely 

understood and we do not know if it is mediated by iOPN.  

The integrity of the natural killer (NK) defences is considered a vital innate immune 

function in host defences against pathogens and cancer development. iOPN has been 
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identified as a crucial molecular component for the maintenance of functional NK cells, 

including NK expansion and differentiation. Deficiency in iOPN leads to a significant 

decrease in NK infiltration in tumour stroma (Danzaki et al., 2016). Moreover, it results 

in impaired expansion of long-lived NK cells and evolving incomplete responses to viral 

infection and the tumour cells (Leavenworth et al., 2015). In a transgenic 

adenocarcinoma of the mouse prostate, deficiency of stromal-derived OPN reduces NK 

infiltration into the tumour. For further confirmation for the in vivo finding, NK derived from 

OPN-deficient mice demonstrated a decrease in migration ability toward the cancer cells 

compared to NK cells from wild-type mice in vitro (Danzaki et al., 2016). To this point, 

some questions have been raised. Does the iOPN isoform relate to the stromal-derived 

OPN in terms of the regulatory and activation processes? Are they both referring to the 

same molecule under different nomenclatures? Thus far, these questions have not been 

answered. 

The role of OPN in T cell activation was the last possible explanation; in OPSCC, 

oncogenic HPV-infection presents viral antigens that elicit specific antibody and T cell 

responses. These reactions are thought to be due to the tight anatomical proximity of 

infected mucosa and immune tissue in OP (Kreimer et al., 2017; Welters et al., 2018). T 

cells are believed to contribute to tumour rejection and long-term immune surveillance. 

Moreover, it has been shown that T-cells are further promoted to mediate anti-tumour 

immunity upon radiation treatment (Manukian et al., 2019). CD8+ cytotoxic T 

lymphocytes are the central component of the host adaptive immune system. Extensive 

CD8+ T cell infiltration was correlated with overall survival in HNSCC, regardless of HPV 

status (Punt et al., 2016; Welters et al., 2018; Kemnade et al., 2020), which suggested 

that T cell response is promoted by HPV oncogenic infection and irradiation that might 

contribute to an enhanced T-cell response in HPV-associated tumours. In graft versus 

host disease, CD8+ action was facilitated through the host-derived OPN expression.  It 

is involved in the initiation, activation, and survival of CD8+ against the recipient organ 

(Zhao et al., 2011; Kawakami et al., 2017).  However, the role of tumour-derived OPN in 

CD8+ lymphocytes has been reported with contradictory effects. It acts as an immune 

checkpoint to suppress T cell activation and has been correlated with decreased patient 

survival in colon carcinoma (Klement et al., 2018). Molecular analysis of OPN forms in 

dendritic cells and T cells revealed that dendritic cells can express high levels of iOPN 

rather than sOPN, whereas the reverse is true of activated T cells (Shinohara et al., 

2005). The next question was raised here: Does stroma sOPN provide the same anti-

tumour immunity feature as iOPN? 
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7.5.4. IL-6 RNAScope expression in OPSCC 

IL-6 RNAScope analysis was limited to a small number of cases (cohort 2, n=54). High 

IL-6 mRNA expression was observed in both HPV-positive and negative OPSCC 

(p=0.7); however, IL-6 expression did not correlate with the survival of the tested 

population. IL-6 has been reported as an independent prognostic biomarker in several 

types of tumours including HNSCC, where high IL-6 expression in tissue has been 

related to tumour recurrence, metastasis and poor survival (Choudhary et al., 2016; 

Kobawala et al., 2016; Ahmad et al., 2018). Here, in OPSCC, IL-6 transcript expression 

was detected in non-malignant lymphoid tissues which might be a part of an inflammatory 

mechanism attributed to recurrent chronic infection (Todorović and Zvrko, 2013), 

although in some sections, IL-6 expression signals were located intimately with stroma-

adjacent cancer cells, suggesting specific reactions in stroma cells to cancer cells 

paracrine signalling pathways. The histology of the anatomical site could be a reason 

behind our findings, while the cohort’s small size may be another factor. Our separate 

observation for Cohort 2’s performance indicated it is an underpowered cohort. Further 

validation with a larger cohort is essential.  

 

7.5.5 Concluding remarks 

Cytokine profiling data showed that OPN was a factor expressed exclusively by an HPV-

negative cell line, not the HPV-positive cell line. However, our data are limited to two 

OPSCC cell lines and the cytokine assessment was based on the early short response. 

OPN IHC assessment revealed no differences in OPN expression at different score 

levels, as even in HPV-negative OPSCC, some cases showed low OPN expression. 

However, the exact source of detected OPN in IHC assay is obscure, and this reflects a 

limitation in our co-culture model that is devoid of the presence of the immune cells, the 

second important component in TME.  

Based on IHC evaluation, high OPN expression was correlated positively with the 

favourable prognosis. Nevertheless, determination of OPN source is a fundamental key 

to understand the biological function of OPN expression in OPSCC: is the protective 

function of OPN in OPSCC attributable to tumour-derived OPN or stromal-derived OPN? 

In situ hybridisation for OPN mRNA would be an optimum method to answer this question 

by providing the feasibility to score OPN expression in tumour cells and stromal cells 

independently. Using digital software such as Qupath software may aid in this process 

effectively. Moreover, assessment of the clinical significance of secreted OPN in OPSCC 



295 

 

patient serum is another important issue that has not been investigated thoroughly. This 

may expose the other face of OPN (sOPN) that was known widely for its correlation with 

poor clinical outcome.  

7.6. Limitations 

We are aware that our method of assessment still needs further investigation by 

evaluating OPN mRNA expression that might provide the feasibility to identify the amount 

of stromal-derived OPN in OPSCC and establish a separate scoring of the epithelial and 

stromal compartments using quantitative staining analysis on the digital images. 

Moreover, the IHC assay was performed using a single type of polyclonal antibody only. 

In the Kunii et al. (2009) study, OPN polyclonal antibody performance has been 

assessed against the monoclonal counterpart. Monoclonal OPN antibody was reported 

with slight advantages over the polyclonal OPN antibody. The use of a combination of 

both antibodies was recommended. 

 

7.7. Summary of main findings and clinical implications: 

This is the first study to assess OPN IHC expression in OPSCC in detail. OPN has shown 

different patterns of staining that have been seen in both OPSCC entities. Nevertheless, 

the High OPN expressing OPSCC sub-population demonstrated superior survival. 

Multivariate regression analysis confirmed High OPN expression as an independent 

prognostic factor in OPSCC. However, performing OPN ISH is essential to identify the 

cellular source of OPN in OPSCC and confirm our results. Validation of this finding might 

introduce OPN as a prognostic biomarker in OPSCC that could be utilised for patient 

selection for de-intensification protocols. 

Because of the general understanding of OPN as a factor facilitating tumour formation 

and progression, OPN is now considered a target for cancer therapy. However, as there 

is, in some circumstances an anti-tumorigenic role for OPN, as reported here (and by 

some other investigators), targeting OPN may also reduce the antitumorigenic features 

of OPN in this tumour. Thus, further investigation, including characterisation of OPN 

isoforms in OPSCC, might provide novel candidates for target therapy or avoid the loss 

of helpful features of OPN action in these tumours.  
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Chapter 8: General Discussion and Conclusion 
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8.1 General discussion 

 

Squamous cell carcinoma is the most common tumour type in HNC, a group of cancers  

characterised by aggressive behaviour and high morbidity and mortality rates within the 

first five years from diagnosis (Johnson et al., 2020). In 2018, more than 890,000 new 

cases were diagnosed with 450,000 deaths (Bray, Ferlay and Soerjomataram, 2018). 

Based on Global Cancer Observatory (GLOBOCAN) estimation, HNSCC incidence is 

projected to rise further by a third in the next decade to reach 1.08 million new cases in 

2030 (Ferlay et al., 2019). However, the risk factors attributed to the HNSCC burden vary 

worldwide. Whereas the consumption of alcohol and tobacco in different forms are the 

common risk factors in Southeast Asia, high prevalence in HNSCC in western countries 

is attributed to HPV-associated OPSCC (Hashibe et al., 2007; Mehanna et al., 2013). 

The prevalence of HPV-positive OPSCC in epidemic regions was reported to be more 

than two-thirds of all OPSCC (70%). In our cohort, the prevalence of the HPV16/18 

genotypes were 60.8% of all included cases (87/143). 

 

Clinically, HPV-associated OPSCC patients demonstrate different clinical presentation 

and clinical outcomes from the non-HPV related counterparts. HPV-patients tend to be 

non-smoker males within the middle age group and from a high socioeconomic 

background. Most importantly, they demonstrated better prognosis regardless of therapy 

strategy protocols (Ang et al., 2010). HR-HPV status in OPSCC is well documented as 

a reliable prognostic factor for tumour progression, and we observed a longer estimated 

overall survival time (p= 0.002) in the HPV-positive group compared to HPV-negative 

OPSCC indicated by a high hazard ratio in the univariate regression model (HR: 2.68; 

95%CI: 1.35-5.31, p=0.005). Comparing smoking habit data between OPSCC entities 

emphasises the etiological role of HPV in OPSCC development; HPV-positive group 

contained significantly fewer smokers than the HPV-negative counterpart (p<0.001). The 

status of smoking habit at diagnosis (Never, Former and Current) provided a further 

clinical feature for outcome prediction of HPV-negative (p<0.001).  

 

Several techniques have been utilised for HPV detection in tissue materials that 

demonstrated varying diagnostic values. However, besides the diagnostic performance, 

researchers were also considering the prognostic value of these techniques, to be 

utilised effectively in clinical trials. According to recent AJCC guidelines, identification of 

HPV status in OPSCC has become a fundamental requirement in the clinical setting and 

that based on p16 IHC positivity. In comparison with different HPV detection methods, 



298 

 

p16 has many advantages given the simplicity, feasibility and low cost, besides high 

prognostic value. However, due to the evident shortcomings in p16 IHC specificity, other 

HPV specific tests based on nucleic acid detection were recommended in step-wise 

algorithms, particularly, in non-epidemic regions. Our assessment for p16 IHC 

performance against RNAScope assay revealed acceptable sensitivity of 97.6%, and 

relatively low specificity (72%), nevertheless, it revealed better prognostic value than 

RNAscope assay. It is worth mentioning here that p16 positivity was based on H-score 

threshold 144.5 that was selected mathematically using ROC curve. 144.5 H-score 

threshold is most likely to be consistent with >50% positivity threshold. Since the low 

specificity of p16 IHC has been improved by the combination with an HPV specific test, 

further validation is warranted to assess the prognostic performance of >50% p16 

positivity threshold, which may provide a more accurate prediction of OPSCC survival 

than >70% positivity threshold. 

 

The reasons behind better HPV-positive OPSCC outcomes still are not fully clear. 

Different explanations have been proposed by many authors which include, the patient’s 

general condition: patients with HPV-positive tumours usually present younger in age, 

with good performance status, and fewer comorbidities (Ang and Sturgis, 2012). Higher 

radio-sensitivity is another factor for the improved outcome that might be the result of an 

intact apoptotic response to radiation (Fakhry et al., 2017). Moreover, the difference in 

genetic alterations is another possible factor. HR-HPV-associated SCC is considered a 

genetically stable tumour, harbouring less genetic mutations and loss of heterozygosity 

on chromosome 3p and retaining active p53 and pRb pathways (GS-OSCC) (Braakhuis 

et al., 2004; Parkinson, James and Prime, 2016), while non-HPV OSCC is characterised 

by several genetic mutations and gross deletions of whole or large parts of chromosomal 

arms including loss of heterozygosity TP53 and CDKN2A which indicates it considered 

as a genetically unstable subtype of OSCC (GU-OSCC) (Braakhuis et al., 2004). The 

genetic landscape of tumour cells has its evident reflection in the underlying TME. In 

response to tumour-derived oncogenic signals, the TME continually changes to support 

tumour cell progression (Lim et al., 2011; Quail and Joyce, 2013). In OSCC, fibroblasts 

derived from GU-OSCC showed high senescence percentage and distinct inflammatory 

profiles from GS-OSCC-derived fibroblasts (Lim et al., 2011; Hassona et al., 2013, 2014). 

Moreover, studies from our lab demonstrated differences in normal fibroblasts early 

responses to OPSCC cell lines conditioned media. HPV-negative cell lines conditioned 

media showed a larger amount of secretome (Bolt, 2016) that demonstrated a high ability 

to modulate the secretory profile of fibroblasts to a more inflammatory profile (Bolt et al., 
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2018; Peacock et al., 2018; Al-Sahaf et al., 2019). This concept promoted us to 

investigate in-depth the early crosstalk between OPSCC tumour cells and fibroblast. This 

aspect may provide additional therapeutic options to treat malignant carcinomas. 

 

CAFs are the major component of the cellular part of the ECM that plays a crucial role in 

tumour progression and chemoresistance in OSCC among other tumour types (Fiori et 

al., 2019; Sun et al., 2019; Mughees et al., 2021). Conversely, in some reports from 

pancreatic ductal adenocarcinoma and breast cancer, CAFs were reported to exert 

tumour-suppressive effects in the TME (Rhim et al., 2014; Brechbuhl et al., 2017). 

Upregulation of α-SMA has been reported in GU-OSCC-derived CAFs (Lim et al., 2011), 

and was linked with poor prognosis in OSCC tissue material (Dourado et al., 2018). In 

OPSCC, we have observed a comparable distribution of α-SMA expression in HPV-

positive OPSCC and HPV-negative OPSCC, although the latter is considered GU-

OPSCC. However, expression of α-SMA biomarker is not specific for myofibroblastic 

CAFs phenotype, it was also upregulated in senescent fibroblasts via TGF-β/Smad 

signalling provoked by reactive oxygen species (Oh, Lee and Wagers, 2014). 

 

Traditional CAFs molecular biomarker and scRNA-seq analysis demonstrated that the 

term” CAF” represent a wide heterogeneous family with subtypes of distinct biomarker 

expression and functionality phenotype which are believed to be attributed to diversity in 

CAF origin (Kidd et al., 2012; Prime et al., 2017). scRNA-seq analysis revealed also 

intra-tumour heterogeneity in CAFs subtypes within the same tumour type (Galbo, Zang 

and Zheng, 2021). We observed this heterogeneity using molecular biomarkers 

expression during CAFs cultures characterisation. Although CAF1 and CAF2 were 

extracted from the same tumour type (HPV-positive OPSCC), the latter displayed 

myofibroblastic CAF-like phenotype by overexpressing α-SMA, while the former showed 

a high percentage of SA-β-gal stain and a larger number of inflammatory profile 

upregulation following cell line media incubation (Table 5.4 & 5.5). This provided us with 

both major phenotypes in our CAF established models (myofibroblastic CAF model and 

a senescent CAF model) a better understanding of OPSCC CAFs phenotypes. 

 

In a recent scRNA-seq study that profiled CAFs from HNSCC, lung cancer and 

melanoma, six pan-CAF subtypes were detected, each with a distinct genetic profile and 

functional role (Galbo, Zang and Zheng, 2021). myCAF subtype was reported with 

activated fibroblast biomarker and upregulation in smooth muscle-related contractive 

genes. The high ability of the myCAF subtype in ECM remodelling and activation of 

underlying pathways associated with smooth muscle cell contraction is thought the main 
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factors behind the worse clinical outcomes. iCAF subtype showed upregulation of gene 

sets related to interleukin signalling pathways, moreover, the iCAF-2 subtype showed 

expression of IL-6 gene exclusively (Galbo, Zang and Zheng, 2021). These observations 

suggested that iCAF subtypes are most likely to be associated with an inflammatory 

TME, implicated in cancer cell stemness and cancer therapy resistance (Su et al., 2018). 

A better understanding of CAFs molecular heterogeneity provides a potential explanation 

of CAFs functional role in TME. In this study, evaluating the clinical significance of CAFs 

based on α-SMA expression revealed a potential prognostic value in HPV-positive group 

only (p=0.02). Low α-SMA subgroup demonstrated better overall survival than High α-

SMA counterpart in HPV-positive group. This observation may suggest a different 

functional role of CAF subtypes in OPSCC driven by the diversity in OPSCC signalling 

pathways.  

 

Cytokine profiling introduced novel candidates that were particularly expressed by the 

HPV-negative cell line (M1), but not by the HPV-positive counterpart, that includes OPN, 

KLK6 and GM-CSF. These factors were associated with senescence, ageing and tumour 

metastasis (Borgoño and Diamandis, 2004; Coppé et al., 2008; Zhao et al., 2018). We 

also observed modulation in the secretory profile of OPSCC fibroblasts with IL-6 and IL-

8 upregulation following co-culturing with HPV-negative OPSCC conditioned media 

(M2). We chose to focus on OPN and IL-6 as they were previously described as 

candidates in a dynamic communication loop between the tumour cells and CAFs in 

OSCC (Qin et al., 2018). Targeting the reciprocal interaction between tumour cells and 

CAFs is a much-needed approach to cancer therapy. Our initial investigations 

determined that the HPV-negative tumour cell was the main source of OPN in the 

interactive co-culture models, and IL-6 was upregulated in fibroblast in response to the 

HPV-negative cell line only. This novel finding indicates the presence of early reciprocal 

crosstalk between HPV-negative cell line and fibroblast mediated by OPN and IL-6.  

 

As a multifunctional molecule, OPN is known as a pro-fibrotic factor that has been 

implicated in various fibrosis-related diseases in the lung and cardiac muscle. It has been 

described as an essential factor in dermal fibroblast activation through the TGF-β1 

pathway. In breast cancer, tumour-derived OPN showed the ability to reprogram normal 

fibroblasts into myofibroblastic CAFs phenotypes with evident contractility, α-SMA 

upregulation and proinflammatory secretory profile, however, IL-6 was not a prominent 

feature in the secretome of these OPN-induced CAFs. Our preliminary investigation 

showed a degree of phenotypic modulation in one NTF culture following rOPN induction, 

with enhanced contractility and slight upregulation of IL-6. These observations warrant 
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further validation using a larger number of cultures, moreover, fibroblast activation status 

should be confirmed by assessing the expression of fibroblasts activation biomarker, 

such as α-SMA. 

 

The reciprocal relationship hypothesis between OPN and IL-6 was tested in one 

direction: we assessed the effect of OPN on IL-6 upregulation. Due to time restriction, 

only one NTF culture (NTF322) was tested and that by targeting the CD44v6 receptor 

alone. OPN has a number of binding sites, including the CD44 receptor and integrins. 

Blocking one of the OPN receptors showed a partial decrease in the effects of OPN in 

OSCC, while the combination of more than receptor blocker resulted in a significant 

reduction in OPN effects (Qin et al., 2018). We observed a degree of IL-6 reduction in 

rOPN-induced NTF, where that was variable in NTF322-induced with cell line 

conditioned media.  

 

Overexpression of OPN in tissue has been linked with disease progression in poor 

prognosis in HNSCC, however, in other a handful of reports demonstrated a favourable 

prognosis value for OPN in pancreas cancer (Collins et al., 2012; Danzaki et al., 2016; 

Franklin et al., 2019). In OPSCC, we observed a strong correlation between high OPN 

IHC expression and a better prognosis. This finding highlights the heterogeneous 

functions of OPN forms and isoforms concerning tumour development and progression. 

OPN functions reported as pro-tumorigenic or anti-tumorigenic according to cell type and 

tumour microenvironment (Lamort et al., 2019). Therefore, further investigation on OPN 

source in OPSCC is needed, which may provide new insights to depict the difference in 

the functional role of OPN variants. 
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8.2 Conclusion  

 

This study was conducted in a new complex research area concerning the role of CAFs 

in OPSCC subtypes. All the presented data here are original and novel. Although not all 

study’s aims were covered due to the time restrictions imposed due to the COVID-19 

pandemic, the available findings established a strong framework of understanding. The 

isolation and characterisation of OPSCC fibroblasts described here provide a novel 

insight into the role of CAFs in OPSCC mediated by OPSCC cancer cell and CAF 

crosstalk that was evident in HPV-negative cell line. Moreover, it is proposed that ɑ-SMA 

has the potential as a prognostic biomarker for HPV-positive OPSCC stratification. Our 

analysis of OPN in OPSCC demonstrated a positive correlation between OPN 

overexpression and survival that warrants further investigations. 

 

8.2.1 Summary of each chapters’ main findings and clinical 

implications 

Chapter 3: A p16 H-score cut off of 144.5 is a promising diagnostic and prognostic tool 

that demonstrated high sensitivity and acceptable low specificity compared to HPV 16/18 

mRNA, in addition to the predictive performance. This finding underpins the requirement 

of clinical validation of H-score performance that might be adopted as a tool addressing 

the partial stain dilemma between >70% and >50% positivity thresholds. 

 Our findings propose ɑ-SMA expression for further study and clinical validation to 

assess its predictive strength in HPV-positive OPSCC. The findings might provide a 

stratification tool within HPV-positive OPSCC cohorts for the best benefit of de-

intensifying protocols. Moreover, the proposed crucial influences of CAFs in HPV-

OPSCC tumour microenvironment suggest introducing HPV-positive OPSCC as an 

option of the emerging potential targeting strategies in cancer therapy. 

 

Chapter 4: The establishment of OPSCC-CAF co-cultures provides the opportunity for 

further investigations in vitro to aid our understanding of OPSCC tumour cells and CAF 

crosstalk. Recognition of CAF characteristics in different phenotypes provides a 
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framework for better understating of CAFs’ varied role in OPSCC. Moreover, it highlights 

the need to consider multiple parameters for the analysis of CAF activation.  

  

Chapter 5: We have reported, for the first time a number of cytokines secreted 

particularly by HPV-negative OPSCC cell line namely, OPN, KLK6 and GM-CSF, in 

addition to other cytokines produced under all conditions. Molecular analysis of 

interactive co-culture models identified the source of OPN and IL6 production. At the 

basal level, more OPN was produced by HPV-negative cell lines than HPV-positive cell 

lines. Upon 48h of interactive co-culturing, only HPV-negative cell lines demonstrated 

significantly higher levels IL-6 overexpression indicated active crosstalk between cancer 

cells and fibroblasts. These findings underpin the need for better understating the role of 

TME in OPSCC development and progression. 

  

Chapter 7: This is the first study to assess OPN expression in OPSCC in detail. OPN 

has shown different patterns of staining that have been seen in both OPSCC entities. 

Nevertheless, the High OPN expressing OPSCC sub-population demonstrated superior 

survival. Multivariate regression analysis confirmed High OPN expression as an 

independent predictive in OPSCC. However, performing OPN ISH is essential to identify 

the cellular source of OPN in OPSCC and confirm our results. Validation of this finding 

may allow for the development of OPN as a predictive biomarker in OPSCC that could 

be utilised for patient selection in de-intensification protocols. Given the general 

understanding of OPN as a factor facilitating tumour formation and progression, OPN is 

now considered a target for cancer therapy. However, as there is, in some circumstances 

an anti-tumorigenic role for OPN, as reported here (and by some other investigators), 

targeting OPN may also reduce the antitumorigenic features of OPN in this tumour. 

Further investigation, including characterisation of OPN isoforms in OPSCC, might 

provide novel candidates for targeted therapy or avoid the loss of helpful features of OPN 

action in these tumours. 
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Chapter 9: Future work 
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Chapter 3: 

• Validataion α-SMA biomarker prognostic value of in a larger OPSCC cohort. 

Determination of HPV status here should be performed using a higher number of 

RNAScope probes.  

 

Chapter 4: 

• Perform scRNA-seq analysis for CAF1 and CAF2 in addition to CAFs cultures 

extracted from HPV-negative OPSCC. Genetic characterisation of OPSCC CAFs 

may expose the heterogeneity of genetic signature for both subtypes. 

Identification of the genetic landscape CAFs may explain different functional role 

in OPSCC stroma and that by referring to The Cancer Genome Atlas (TCGA). 

This work may provide new insights into how OPSCC entities may benefit from 

CAF subtype targeted therapy. 

 

Chapter 5: 

• In the validation process to cytokines arrays findings, CCL2 refractory level was 

assessed using ELISA assay. We noticed higher upregulation in CCL2 level in 

SCC89-fibroblast co-cultured model than SCC2 counterpart. This difference was 

evident with NTFs more than CAFs (Figure 9.1). CCL2 has been reported to exert 

its effect in the recruitment of circulating monocytes in vivo  and in a 3D  ex-vivo  

model from breast cancer (Jia et al., 2015) Recruitment of macrophages into TME 

mediated by CAFs was reported with different molecular pathways such as 

stromal cell-derived factor 1 (SDF1)/CXCL12 in prostate cancer (Comito et al., 

2014). Investigation of the functional role of CCL2 in OPSCC macrophage 

recruitment may provide a therapeutic target in HPV-negative OPSCC. 
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Figure 9.1: Higher levels of CCL2 protein secretion in SCC89-fibroblast co-cultures 

than in SCC2-fibroblast co-cultures. SCC89 or SCC2 (3x105 cells) were co-cultured 

with OPSCC fibroblasts (CAF1, CAF2, NTF322, NTF10) (50,000 cells) using transwell 

insert (0.45 μm) for 48h. The collected media was subjected to CCL2 ELISA analysis. 

Samples number (n=8), Y-axis denotes standardised CCL2 concentration in Pg per ml. 

Blue bars denote SCC89 co-cultures. Red bars denote SCC2 co-cultures. Only SCC89 

co-cultures showed apparent OPN expression. Error bars= SD. Data represent the mean 

of (N=3, n=3). Statistical analysis was determined using two-tailed Student t-test with **p 

< 0.01. 

 

• Further investigation of candidates identified by cytokines profiling (KLK6, GM-

CSF) including identification of their production source, the effect on OPSCC 

tumour cells and fibroblasts. 

 

• Investigate OPSCC-CAFs crosstalk at the direct contact approach using a 3-

dimensional organoid model and analysis the sorting cells. The addition of the 

immune cells (macrophage or T-cell) to the 3D-model may reveal the significance 

of the presence of stroma derived OPN in both OPSCC subtypes. 
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Chapter 6: 

• In this chapter, the effects of OPN on NTFs activation still require further 

investigation and validation by assessing fibroblasts activation biomarkers in 

larger NTFs cultures numbers.  

 

• In addition to CD44v6 targeting, integrin blocking needs to be assessed to 

understand the correlation between OPN/IL-6 production loop.  

 

• Investigate the effect of IL-6 on OPN derived OPSCC cell lines using a higher IL-

6 dose (50 ng/ml). 

 

• Investigate OPN/CD44/p38 signalling pathway in OPSCC and assess the 

functional role ofp38 expression in OPSCC using functional assays.   

 

Chapter 7: 

• Investigate the possibility of the construction of customised in situ hybridisation 

probes for different OPN mRNA isoforms and types (sOPN and iOPN). 

Identification of OPN source of production may clarify the correlation between 

OPN forms and survival. 

 

• Conducting CD44 IHC assay for the TMA study cohort may reveal further insights 

into the functional roles of OPN in OPSCC.   
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Appendix 

A.1 HPV profiling for OPSCC cell lines 

 

Name Dilution Other G16 G18 

SCC2 1 in 4156 N P N 

SCC2 1 in 20781 N P N 

SCC2 1 in 33 N P N 

SCC2 1 in 7.5 N P N 

SCC2 1 in 166 N P N 

 

Name Dilution Other G16 G18 

SCC90 1 in 831 N P N 

SCC90 1 in 7.5 N P N 

SCC90 1 in 4156 N P N 

SCC90 1 in 33 N P N 

SCC90 1 in 20781 N P N 

SCC90 1 in 166 N P N 

 

Name Dilution Other G16 G18 

SCC72 1 in 4156 N N N 

SCC72 1 in 831 N N N 

SCC72 1 in 166 N N N 

SCC72 1 in 20781 N N N 

SCC72 1 in 7.5 N N N 
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G18 G16 Other Dilution Name 

N N N 1 in 33 SCC89 

N N N 1 in 20781 SCC89 

N N N 1 in 831 SCC89 

N N N 1 in 7.5 SCC89 

N N N 1 in 166 SCC89 

 

Table A.1: Cell lines screening using Roche 6800 instrument for HPV16 (G16) and 

HPV18 (G18). (A) SCC2 cell line. (B) OPSCC 90. (C) OPSCC 72. (D) OPSCC 89.  
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A.2 :   The cytokine arrays (Number ARY026) - Full details.  

The full name of cytokines presented in the proteome profiler Human XL Oncology Array 

kit (Catalogue number ARY026, R&D Systems, Inc., Minneapolis, US) that have been 

used in this study.  
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A.3 Raybiotech cytokine arrays map   

Maps of Cytokine arrays Raybiotech C2000 Human Cytokine Arrays (Raybio-

technology, Norcross, USA, cat number: AAH-CYT-2000) that have been used by Bolt 

et al., (2016) for profiling OPSCC cell line conditioned media. 

 

(C6) 

 

(C7) 
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(C8) 
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A.4 Tissue microarrays map 

Maps of tissue microarrays that was constructed to include cohort 2 cases. 
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A.5 List of H-score thresholds suggested by ROC curve 
analysis. 
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