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 THE ROLE OF COLLAGEN-DISCOIDIN DOMAIN RECEPTOR 1 IN HPV-

POSITIVE AND –NEGATIVE HEAD AND NECK CANCER 

ABSTRACT 

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer 

worldwide with oropharyngeal (OPSCC) and oral cavity (OSCC) tumours being the two 

major subtypes. The five year survival rate of patients with HNSCC has remained around 

50% for the past four decades. The global incidence rate of HPV positive OPSCC is on 

the rise and, for reasons that are currently unclear, patients with HPV-related disease have 

a better prognosis. Molecular targeted therapies are not in routine use for the treatment of 

HNSCC and the identification of new therapeutic targets is highly desirable, but this will 

only be possible with a fuller understanding of the molecular events that drive the disease 

process. We now know that cancers are comprised of tumour cells and non-malignant 

cells within the tumour microenvironment (TME). Cancer-associated fibroblasts (CAFs) 

are predominant within the TME and are known to promote epithelial tumour progression 

in part via paracrine communication with cancer cells. This study examined the role of 

the collagen receptor, discoidin domain receptor 1 (DDR1), in the pathogenesis of 

HNSCC.  The results demonstrated that two collagen subtypes, COL8a1 and COL11a1, 

were expressed by CAFs in vitro and that DDR1 was overexpressed in OPSCC and OSCC 

tissues. The expression of these proteins was further investigated in OPSCC and OSCC 

tissues and correlated to socio-demographic and clinico-pathological parameters, 

including HPV status and patient survival. Multiplex immunohistochemistry was used in 

conjunction with an automated pathology system to digitally quantify expression, with 

staining intensities, co-expression of proteins and single cell co-localisation analysed 

with digital imaging software. In OPSCCs from the United Kingdom, high expression of 

DDR1 was found to be significantly associated with non-smokers, patients within the 

moderate and high risk of death groups and lower survival rates. Low expression of 
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COL8a1 in tumours and CAFs was significantly associated with the low risk of death 

group and regional lymph node metastasis N2, whilst high expression was significantly 

associated with smoker. In OSCCs from Malaysia, COL8a1 in tumours was significantly 

associated with small primary tumour depth (1-10mm), bone invasion and deceased 

outcome. A significant association was found between high expression of COL11a1 in 

CAFs with traditional risk factors of OSCC, included female gender, Indian ethnicity and 

betel quid chewing. Collectively, these data show that DDR1 and its ligands are expressed 

in OPSCCs and OSCCs and high expression levels might negatively influence patient 

prognosis. Next, the functional role of collagen-DDR1 signalling was examined in vitro 

using HPV-negative and –positive HNSCC cell lines. Treatment of all cell lines with 

collagen enhanced cell proliferation, migration and invasion, and made the cells less 

sensitive to apoptosis induced by Cisplatin. Knockdown of DDR1 with shRNAs 

confirmed these effects were specific to DDR1. In conclusion, this study demonstrated 

for the first time that activation of DDR1 on HNSCC cells promotes the malignant 

phenotype and negatively impacts upon patient prognosis. DDR1 represents a novel 

therapeutic target for HPV-negative and –positive HNSCC. 

 

Keywords: head and neck squamous cell carcinoma; human papillomavirus; discoidin 

domain receptor 1; Collagen 8a1; Collagen 11a1 
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PERANAN RESEPTOR 1 DOMAIN KOLAGEN-DISKOIDIN DALAM KANSER 

KEPALA DAN LEHER YANG HPV-POSITIF DAN –NEGATIF  

ABSTRAK 

Karsinoma sel skuamus kepala dan leher (HNSCC) adalah kanser yang ke-enam 

paling umum di dunia, yang mana tumor orofarinks (OPSCC) dan kaviti mulut (OSCC) 

merupakan dua subtip yang utama. Kadar kelangsungan hidup lima tahun bagi pesakit 

dengan HNSCC kini kekal pada 50% dalam tempoh empat dekad. Kadar insiden OPSCC 

yang HPV-positif didapati meningkat pada tahap global, tetapi dengan alasan yang pada 

ketika ini masih samar, pengidap penyakit yang berkait-HPV didapati mempunyai 

prognosis yang lebih baik. Terapi yang menyasarkan molekul bukanlah sesuatu yang 

rutin dalam rawatan HNSCC, oleh itu pengenalan kepada target terapi yang baru adalah 

diharapkan. Walaubagaimanapun ini hanya dapat berlaku setelah pelbagai interaksi 

molekul yang mendorong kepada penyakit tersebut difahami dengan jelas. Buat masa ini 

diketahui bahawa kanser merangkumi sel tumor dan sel bukan maglinan yang terdapat di 

persekitaran mikro tumor (TME). Fibroblas yang di kait-kanser (CAFs) adalah 

predominan dalam TME dan diketahui meransang perkembangan tumor epitelium yang 

mana sebahagiannya adalah melalui komunikasi parakrin bersama sel-sel kanser. Kajian 

ini meneliti peranan reseptor kolagen iaitu discoidin reseptor 1 (DDR1) dalam 

patogenesis HNSCC. Hasil kajian menunjukkan dua subtip kolagen iaitu COL8a1 dan 

COL11a1, di ekspres oleh CAFs secara in vitro manakala DDR1 pula di ekspres dengan 

melampau dalam kedua-dua tisu OPSCC dan OSCC. Ekspresi protein-protein ini 

diselidiki lebih lanjut dalam kedua-dua tisu dan dikaitkan kepada parameter sosio-

demografi dan klinik-patologi, iaitu termasuk status HPV dan kelangsungan hidup 

pesakit. Kaedah multiplex immunohistochemistry telah digunakan disamping sistem 

patologi yang automatik untuk menentukan kadar ekspresi secara digital, berpandukan 

keamatan warna, ko-ekspresi protein serta analisis co-localisation sel tunggal dengan 
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menggunakan perisian pengimejan digital. Ekspresi DDR1 yang tinggi dalam kalangan 

OPSCC dari United Kingdom didapati berkorelasi secara signifikan dengan bukan-

perokok dan para pesakit dalam kumpulan yang berisiko kematian sederhana dan tinggi,  

dengan kadar kelangsungan hidup yang rendah. Ekspresi COL8a1 yang rendah dalam 

tumor dan CAF pula didapati berkait secara signifikan dengan kumpulan berisiko 

kematian yang rendah dan metastasis N2 nod limfa serantau, manakala ekspresi 

melampau yang signifikan dikaitkan dengan perokok. Dalam kalangan OSCC dari 

Malaysia, COL8a1 dalam tumor berkait secara signifikan dengan kedalaman tumor 

primer yang kecil (1-10mm), invasi ke tulang dan penghasilan kematian. Perkaitan yang 

signifikan juga ujud di antara ekspresi COL11a1 yang tinggi dalam CAF dengan faktor-

faktor risiko tradisi OSCC, termasuk gender wanita, etnik India dan pengunyahan sireh-

pinang. Secara kolektif, data menunjukkan bahawa DDR1 dan ligannya diekspres dalam 

OPSCC dan OSCC, dan tahap ekspresinya yang tinggi mungkin memberi kesan negatif 

kepada prognosis pesakit. Seterusnya, peranan kolagen-DDR1 turut diselidik secara in 

vitro menggunakan sel-sel HNSCC yang HPV-negatif dan -positif. Rawatan semua sel 

dengan kolagen didapati menggalakkan proliferasi, migrasi dan invasi sel tumor, serta 

menjadikan sel-sel tersebut  kurang sensitif terhadap apoptosis yang diransang oleh 

Cisplatin. DDR1 yang di knockdown dengan shRNA dapat mengesahkan bahawa kesan 

ini adalah khusus kepada DDR1. Kesimpulannya, kajian ini menunjukkan untuk pertama 

kalinya bahawa pengaktifan DDR1 pada sel HNSCC menggalakkan fenotip yang 

malignan, dan memberi impak yang negatif kepada prognosis pesakit. DDR1 adalah 

sasaran terapeutik yang novel untuk HNSCC yang negatif- dan positif-jangkitan HPV. 

Kata kunci: karsinoma sel skuamus kepala dan leher; papillomavirus manusia; reseptor 

1 domain diskoidin; Kolagen 8a1; Kolagen 11a1 
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 CHAPTER 1: INTRODUCTION 

1.1. General Introduction 

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer 

worldwide and the most common cancer in developing countries (P. Joshi et al., 2014). 

It comprises a highly heterogeneous group of tumours that include oropharyngeal 

squamous cell carcinoma (OPSCC) and oral squamous cell carcinoma (OSCC). OPSCC 

is a tumour that arises in the posterior one-third of the tongue or known as base of tongue, 

soft palate and tonsils, as well as side and back wall of the throat (LeHew et al., 2017; 

Rivera et al., 2014) (Figure 1.1 A). OSCC arises in the anterior two-thirds of the tongue, 

floor of mouth, buccal mucosa, retromolar trigone, hard palate and gingivae (Kerawala et 

al., 2016) (Figure 1.1 B).  

OPSCC is common in the Western world, whilst the OSCC is the predominant HNSCC 

subtype in South and Southeast Asian countries (P. Joshi et al., 2014; Vigneswaran & 

Williams, 2014). There are approximately 633,000 new cases of HNSCC diagnosed 

annually and 355,000 reported deaths worldwide every year (Chai et al., 2015). The 

global incidence and mortality of HNSCC has remained high over the past 20 years, in 

part due to a lack of validated diagnostic and prognostic biomarkers (Patel et al., 2017), 

as well as treatment failure due to resistance to primary or adjuvant chemotherapy (Puram 

& Rocco, 2015).  

In recent years, there has been a decrease in the incidence of OSCC in developed 

countries that coincides with the reduced prevalence of smoking. In contrast, the 

incidence of OPSCC is on the rise and this has been attributed to infection with the human 

papillomavirus (HPV) (H Mehanna et al., 2016; Vigneswaran & Williams, 2014). 

Interestingly, OPSCC is more than five times more likely to be HPV-related than OSCC 

Univ
ers

ity
 of

 M
ala

ya



 

2 

(Chai et al., 2015). Latest statistics suggest that 70-90% of the OPSCC in Western 

countries are HPV-positive with 90% being associated primarily with high risk HPV 

serotype 16 (Puram & Rocco, 2015). One of the most significant breakthroughs in head 

and neck cancer research is the recent discovery and recognition that HPV-positive and 

HPV-negative HNSCC represent two completely distinct malignancies due to their 

differences in aetiology, genetic profiles, molecular pathogenesis and therapeutic 

response (Ravenda et al., 2015; Vigneswaran & Williams, 2014). For example, in the 

case of OPSCC, patients with HPV-positive disease have a better prognosis and treatment 

response compared to their counterparts with HPV-negative tumours, but stand a higher 

rate of late distant metastasis (Vigneswaran & Williams, 2014). However, a complete 

understanding of the HPV-driven oncogenic signalling events that promote HNSCC 

pathogenesis remains to be determined. 

Solid tumours are complicated structures comprising the malignant tumour cells 

surrounded by its tumour microenvironment that is made up of various cell types and a 

complex extracellular matrix (ECM). One of the cell types, fibroblasts, undergo unique 

phenotypic changes within the tumour microenvironment that make them distinguishable 

from normal fibroblasts and they are termed cancer-associated fibroblasts (CAFs). CAFs 

are the most prominent cells in the tumour microenvironment of HNSCCs and they have 

been intensively studies in recent years (M. Li et al., 2016). Accumulating evidence has 

shown that the tumour microenvironment influences carcinogenesis by direct 

communication with the tumour cells via cell-cell contact (Ye et al., 2014) or indirectly 

through paracrine (Chen et al., 2014) and exocrine signalling (Ziaee et al., 2015) and 

modulation of ECM (Giussani et al., 2016). The ECM is a non-cellular dynamic network 

of proteins made up of fibronectins, laminins, elastins, proteoglycans and collagen, which 

are the major and most abundant component. The deregulation of ECM composition and 
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structure has been implicated in several pathologic diseases, including cancer (Theocharis 

et al., 2016).   

Discoidin Domain Receptor 1 (DDR1) is a specific receptor that interacts solely with 

collagen and plays an important role in cancer progression (Dong et al., 2016). However, 

the role of collagen-mediated activation of DDR1 and the possible role of CAFs in this 

process has not been studied in HNSCC. Therefore, aims of the present study were to 

investigate collagen and DDR1 expression in HNSCC and to examine the role of 

collagen-mediated DDR1 signalling in disease pathogenesis. 

 

1.2. General aims 

Head and neck squamous cell carcinoma (HNSCC) is ranked the sixth most common 

cancer worldwide and OPSCC and OSCC are the most common subtypes (Prabhu & 

Pillai, 2017). The overall 5-year survival rate for patients with HNSCC has remained poor 

for the past two decades (Blatt et al., 2016). Therefore, there is a compelling need to 

identify novel therapeutic targets that can improve the therapeutic management and 

survival outcome of patients. The starting point of this study was to identify proteins 

secreted by CAFs that could potentially regulate the HNSCC phenotype. COL8a1 and 

COL11a1 were identified as being more highly expressed in CAFs than normal 

fibroblasts, suggesting that DDR1 signalling in HNSCC cells might influence the 

pathogenesis of the disease. COL8a1 which is elevated in diseases of angiogenesis and 

vascular remodelling (N. U. B. Hansen et al., 2016) has never been studied in head and 

neck cancers. COL11a1 was reported to be up-regulated in HNSCC (Meucci et al., 2016), 

but its contribution particularly in the OPSCC or OSCC remains largely unknown. 

Although the contribution of DDR1 signalling has been reported in various types of 

cancers, its role in OPSCC and OSCC remains to be elucidated. Hence, the present study 

investigated the expression of DDR1, COL8a1 and COL11a1 in OPSCC and OSCC and 
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determined if their expression was associated with socio-demographic and clinico-

pathological characteristics.  

 

Having confirmed that DDR1, COL8a1 and COL11a1 were highly expressed in both 

OPSCC and OSCC tissues, it was hypothesised collagen-induced DDR1 signalling 

promoted the malignant phenotype of HNSCC cells. Hence, the last part of this study 

examined whether exogenous collagen would affect the proliferation, migration, invasion 

and chemo-sensitivity of HPV-positive and HPV-negative HNSCC cell lines in vitro.  

Subsequent experiments to knock down DDR1 expression were then performed to 

confirm its role in mediating the effects of collagen. 

 

1.3. Specific objectives 

The objectives of the present study were: 

1. To identify extracellular proteins and receptors potentially involved in paracrine 

cross-talk between CAFs and HNSCCs. 

2. To investigate the expression of DDR1, COL8a1 and COL11a1 in OPSCCs and 

OSCCs in United Kingdom and Malaysia cohorts. 

3. To correlate the expression of DDR1, COL8a1 and COL11a1 with various socio-

demographic and clinico-pathological characteristics of the OPSCC and OSCC 

patients. 

4. To evaluate the biological significance of exogenous collagen and knockdown of 

DDR1 on the behaviour of HPV-positive and HPV-negative HNSCC cells in 

vitro. 
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A.  

 

 

 

 

 

B.  

 

 

 

 

 

 

 

 

Figure 1.1: Anatomical sites of Oropharynx and Oral Cavity.  

The location where (A) OPSCC (blue region) and (B) OSCC cancers arose is shown. 

Figures from https://www.cancer.gov/types/head-and-neck/patient/oropharyngeal-

treatment-pdq and https://www.cancer.gov/types/head-and-neck/patient/lip-mouth-

treatment-pdq 
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 CHAPTER 2: LITERATURE REVIEW 

2.1. Head and neck squamous cell carcinoma 

 Head and neck cancer is a heterogeneous group of malignancies, which 

technically refers to tumours that occur in the nasal cavity, paranasal sinuses, oral cavity, 

oropharynx, salivary glands, pharynx, and larynx (Bose et al., 2013). More than 90% of 

head and neck malignancies are squamous cell carcinomas (SCC) that arise on the 

mucosal surfaces which is ranked the sixth most common cancer by incidence worldwide, 

with approximately 500,000 cases per year being diagnosed globally (Knopf et al., 2017).   

Tobacco, alcohol and betel quid chewing are the major traditional risk factors for head 

and neck cancer. During the past two decades, the overall global incidence of the majority 

of head and neck squamous cell carcinoma (HNSCC) subtypes has declined and this is 

thought to be associated with the cessation of these habits (Vigneswaran & Williams, 

2014). However, there has been a marked increase in the incidence of oropharyngeal 

squamous cell carcinoma (OPSCC), which is believed to be attributable to human 

papillomavirus (HPV) infection (Garnaes et al., 2015; Gillison et al., 2015; Stein et al., 

2015). The infection by specific HPV subtypes has been suspected as a possible 

etiological factor for the development of HNSCC since the 19th century where 5% to 20% 

of HNSCCs were thought to be associated with HPV. However, in recent years it has 

been recognised that the majority of HPV-associated HNSCCs arise in the oropharynx 

and between 40% to 90% of OPSCCs are HPV-positive, whilst only a small proportion 

of tumours from other subsites are caused by HPV  (Zaravinos, 2014).  

2.2 Oropharyngeal Squamous Cell Carcinoma  

2.2.1 Epidemiology of OPSCC 

OPSCC has become a focus of attention worldwide as it has emerged as one of the 

most common malignancies of the head and neck (Williams et al., 2014). Between 1988 
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and 2004, there was a 225% population-level increase in HPV-positive OPSCC, whilst a 

50% decrease in HPV-negative cases were observed (K. B. Pytynia et al., 2014). It has 

been estimated that by 2020, the incidence of HPV-positive OPSCC will be even higher 

than that of the other HPV-driven cancers, such as cervical cancer, and OPSCC is 

predicted to be the most common cancer caused by HPV and the most common cancer of 

the upper aero-digestive tract (Zevallos et al., 2016).  

According to the most recently available international population-based study by de 

Camargo Cancela et al. (2012), the highest rate of OPSCC in high income countries was 

in France for men and Switzerland for women. Among low-income countries, the highest 

rate was observed in India for men and Pakistan for women. In Malaysia, there were a 

total of 77 new cases of OPSCC recorded in 2012 and of these, 51 were male and 26 were 

female. This male: female ratio is similar to other developed and developing countries. 

The incidence rate is the highest in the age group between 60 and 64 years old in men (de 

Camargo Cancela et al., 2012).        

2.2.2 Histopathology of OPSCC 

The anatomical sub-sites of the oropharynx include the boundary within the lateral and 

posterior pharyngeal wall, soft palate, uvula, pharyngoepiglottic folds, faucial tonsils, 

tonsillar pillars and base of tongue (R. Li et al., 2015). A global database revealed that 

the cancers occur most frequently in the tonsils followed by the base of tongue, whilst the 

least frequent site was the soft palate (de Camargo Cancela et al., 2012).  

In current clinical settings, the key basis of diagnosis and prognosis of OPSCC is 

mainly on histopathological evaluation. Amongst the histopathological subtypes of 

OPSCC, basaloid squamous cell carcinoma has the worse prognosis. It has basaloid cells 

characteristics and palisading at the edge with high nuclei to cytoplasm ratio 

(Vigneswaran & Williams, 2014). There are keratinizing and non-keratinizing 
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morphologic variants of OPSCC. The formation of keratin pearls composed of cellular 

masses in several layers is called the keratinisation. What typically happens is that the 

cells die off and form small groups out-skirted by distinguishable non-keratinising 

basement membrane that are actively dividing (Woolgar & Triantafyllou, 2009).  

World Health Organisation (WHO), Union for International Cancer Control (UICC) 

and Broder’s grading systems classified OPSCCs into well differentiated (Grade 1), 

moderately differentiated (Grade 2) or poorly differentiated (Grade 3) according to the 

degree of nuclear abnormality, cellular variability in size and shape as well as 

keratinisation. This grading system is also used in conjunction with features such as 

tumour diameter and thickness, lymph node involvement, distant metastasis and 

invasiveness to give a more accurate Tumour-Node-Metastasis (TNM) staging in clinical 

settings (Shabestari et al., 2017). This TNM staging system has been used for decades in 

clinical practice to predict clinical behaviour and help in therapy strategy for OPSCC 

patients. Interestingly, the latest edition of TNM system (Table 2.1) has been newly 

developed for HPV-related OPSCC by the International Collaboration on Oropharyngeal 

Cancer Network for staging (ICON-S) in 2017 based on adjusted hazard ratios for the 

patients’ death risk (Taberna et al., 2017). 
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Table 2.1: New 8th edition TNM staging system classification for HPV-related OPSCC patients developed by The International 
Collaboration on Oropharyngeal Cancer Network for Staging (ICON-S) (Taberna et al., 2017)  

Characteristics 7th edition TNM 8th edition TNM ICON-S 

Stage 
classifications 

Stage I (T1N0)  
Stage II (T2N0)  
Stage III (T3N0 or T1-T3N1) 
Stage IVa (T4aN0-1 or T1-T4aN2)  
Stage IVb (T4b or T1-T4bN3) 
Stage IVc (M1) 

Stage I (T1-T2N0-N1) 
Stage II (T1-T2N2 or T3N0-N2) 
Stage III (T4 or N3) 
Stage IV (M1) 

5 years OS by stage 
NA I: 88% 

II: 81% 
III: 65% 

Main N (lymph 
node) differences 

N1: metastasis in a single ipsilateral lymph nodes, <3 cm  
N2a: metastasis in a single ipsilateral lymph node >3 cm but <6 cm. 
N2b: metastasis in multiple ipsilateral lymph nodes,<6 cm 
N2c: metastasis in bilateral or contralateral lymph nodes, <6 cm 

N1: ipsilateral metastasis in lymph node(s), <6 cm 
 
N2: bilateral or contralateral metastasis in lymph 
node(s), <6 cma 

Main T (tumor) 
differences 

T4a: tumor invades the larynx, extrinsic muscle of tongue, medial 
pterygoid, hard palate or mandible 
T4b: tumor invades lateral pterygoid muscle, pterygoid plates, lateral 
nasopharynx, skull base or encases 
carotid artery 

T4: tumor invades any of the following: larynx, deep/ 
extrinsic muscle of tongue, medial pterygoid, hard 
palate, mandible, lateral pterygoid muscle, pterygoid 
plates, lateral nasopharynx, skull base or encases 
carotid arteryb 

HPV, human papillomavirus; ICON-S: The International Collaboration on Oropharyngeal cancer Network for Staging; M: metastasis; N: lymph node; 
NA: Not applicable; OPSCC, oropharyngeal squamous cell carcinoma; OS, overall survival T, tumor. 
a Because 5-years OS was similar among N1, N2a and N2b, they re-termed the N categories. 
b Because 5-years OS was similar among T4a and T4b, they were no longer subdivided and it was re-termed as T4. Univ
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2.2.3 Aetiology of OPSCC 

The exposure to tobacco and alcohol have been recognised as the traditional risk 

factors for OPSCC (Maasland et al., 2014; Mathur et al., 2015; Sarmento et al., 2016; 

Sivasithamparam et al., 2013). There is 35% higher risk for a smoker who smokes more 

than two packets of cigarettes and consumes more than four alcoholic beverages daily to 

develop OPSCC (Screening & Board, 2017). Studies have shown that there is 35% 

reduced risk in patients who quit smoking for 1 to 4 years and 40% reduced risk in patients 

who quit drinking for 20 years to develop OPSCC. The risk for an ex-smoker who has 

stopped smoking more than 20 years is similar to a non-smoker (Maasland et al., 2014). 

In recent years, the incidence of OPSCC has been increasing, especially in younger 

patients. This increment has been shown to be associated with an increase incidence in 

HPV related SCC, which is thought to be caused by changes in oral sexual behaviour and 

poor oral hygiene (Virdee & Kalavrezos, 2016). The association with HPV is particularly 

high in tumours originating from the tonsil and base of tongue (Wenig, 2015). 

Furthermore, the non-keratinizing OPSCC variant has been demonstrated to be strongly 

associated with HPV (Timothy Cooper et al., 2015) and has better survival outcome (T 

Cooper et al., 2014). In contrast, the keratinizing variant is more frequently associated 

with traditional risk factors such as smoking and alcohol.  

There is a trend for patients with HPV-positive OPSCC to be non-drinkers or light 

drinkers, females, and the median age is lower than in HPV-negative cases. So, HPV-

positive OPSCC is now thought to represent a new entity of HNSCC with distinct 

epidemiological, clinical, and molecular characteristics that differ from those of HPV-

negative cancers (Kristen B Pytynia et al., 2014). 
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2.2.4 Clinical presentation, treatment and prognosis of OPSCC 

OPSCC patients often display the signs and symptom of persistent sore throat, 

hoarseness, weight loss, pain and difficulty in swallowing, inflammation of the ear and 

spasms of jaw muscles, change of voice, neck lump and blood-tinged sputum. It is not 

easily observed until the tumour presents as firm solid mass of larger than 2cm or ulcer 

with red and white shades.  

Biopsy and histological assessment is always necessary for accurate diagnosis of 

OPSCC (Huber & Tantiwongkosi, 2014; McIlwain et al., 2014). Clinical staging and 

evaluation of OPSCC are carried out by the use of nasopharyngoscopy, CT scan, MRI, 

panendoscopy and FDG-PET imaging approaches. Patients often present with advanced 

stage (Stage III-IV) at diagnosis and nodal involvement is common. Surgery and 

radiotherapy are the main treatment modalities for patients with early stage OSPCC 

(Stage I and II), whilst concurrent chemo-radiotherapy is used for locally advanced cases 

(Stage III and IV) (McIlwain et al., 2014). The five-year survival rate of OPSCC patients 

has been shown to be higher than that of the oral cavity and larynx cancers, in which 

highlights the favourable outcome of HPV associated disease (Dahlstrom et al., 2013; 

Posner et al., 2011; Ritchie et al., 2003; Stats, 2011). OPSCC patients are commonly 

categorised into low, moderate and high risk of death groups according to the prognostic 

factors of HPV status, smoking (pack years), nodal stage and tumour stage (A. Hay & 

Ganly, 2015) (Figure 2.1). The 3-year overall survival were reported to be 88.1% for low-

risk group, 59.1% for moderate group and 33.5% for high risk group (Rietbergen et al., 

2013).  

Moreover,  regulators of immune activation (immune checkpoints) have been 

suggested as the prognostic factor in OPSCC where CD3+ and CD8+ T cells stromal 

infiltration was showed to be increased in HPV-positive OPSCC and significantly 
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improved the clinical outcome of patients (K Oguejiofor et al., 2015). Similarly, better 

survival outcome was showed with CD8+ T cells infiltration in HPV-positive OPSCC 

and CD68 macrophages infiltration in HPV-negative OPSCC (Kenneth Oguejiofor et al., 

2017). Type I HPV 16-specific T cells were showed to be presence in more than two third 

of HPV16-positive tumours and strongly associated with better overall survival, less 

lymph node metastases and increased activated immune cells such as CD161+ T cells, 

CD103+ tissue resident T cells, dendritic cells and dendritic cells-like macrophages. 

Therefore, enhancement of HPV-16 specific reactivity was thought to be able to boost the 

favourable immune response to conventional therapy (Welters et al., 2017).
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Figure 2.1: Classification of OPSCC according to risk of death groups.  

HPV status, pack years, nodal stage and tumour stage segregate patients into low, 

moderate and high risk of death. HPV-negative, more than 10 pack-years or tumour Stage 

4 amongst the patients less than 10 pack-years are important prognostic factors for high 

risk of death. In contrast, HPV-positive, more than 10 pack-years and nodal Stage N0-

N2a are prognostic factors for low risk of death (A. Hay & Ganly, 2015). 
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2.3 Oral Squamous Cell Carcinoma (OSCC) 

2.3.1 Epidemiology of OSCC 

Oral squamous cell carcinoma (OSCC) comprises 95% of all head and neck cancers. 

According to the statistics based on the International Agency for Research on Cancer 

(IARC) in 2012, an estimated 300,400 new cases of oral cancer were diagnosed, resulting 

in 145,400 deaths worldwide. The highest incidence rate was found in Melanesia, South-

Central Asia, and Europe, whilst the lowest was in the Western Africa and Eastern Asia 

(Johnson & Amarasinghe, 2016).  

In Malaysia, as documented by the latest National Cancer Registry (NCR) data, oral 

cancer is the 21st most common cancer in the general population and ranked the 17th 

most common cancer in males and 16th in females of this country. The incidence of oral 

cancer is predominant among the Indian ethnic group where mouth and tongue cancers 

are among the 10 most common cancers among both genders. 

2.3.2 Histopathology of OSCC 

Cancers on the mucosal surfaces of the hard palate, tongue anterior to the circumvallate 

papillae, floor of mouth, gingival, buccal mucosa and the lips are categorised as OSCC 

(Tandon et al., 2017). Among these, the buccal mucosa and gingiva are the most common 

sites for malignancy. Precancerous lesions such as leukoplakia and erythroplakia in the 

oral cavity transform into invasive carcinoma through a complex multi-step carcinogenic 

process. Histologically, lesions originate as epithelial hyperkeratosis, hyperplasia and 

dysplasia, which then transform into in situ or invasive carcinoma (Dost et al., 2014; Lian 

et al., 2013; Rivera, 2015).  

According to the World Health Organisation, OSCCs are scored and graded based on 

their extent of differentiation, mitotic activity, site (S), tumour size (T), regional lymph 

node compromise (N), metastasis (M) and histopathology (P). This STNMP staging 
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system together with the patients’ health status are useful to determine the prognosis and 

therapeutic strategy for patients (Rivera & Venegas, 2014; D. M. Walker et al., 2003). 

2.3.3 Aetiology of OSCC 

Tobacco and alcohol are independent risk factors for the development of OSCC and 

also act synergistically to increase risk. They account for the majority of the deaths of 

OSCC in high-income countries. Approximately 75% of oral cancer cases are associated 

with tobacco, whilst alcohol drinkers have a six-fold higher of developing this 

malignancy. The synergistic effect of these two risk factors causes a fifteen-fold higher 

chance to develop the disease (Markopoulos, 2012). Over the past several decades, 

incidence rates for oral cancer have decreased significantly among both males and 

females in Asia (such as Philippines and Sri Lanka), Northern America, and Australia, 

and among males in Southern and Western Europe where the tobacco epidemic is 

gradually declining (Torre et al., 2015).  

In Asia, smokeless tobacco products and betel quid with or without tobacco are the 

major risk factors for OSCC, especially in India, Pakistan, Bangladesh, Taiwan and 

Thailand (Amtha et al., 2014; Niaz et al., 2017). Furthermore, patients with a positive 

history of betel quid chewing before surgery showed higher local recurrence rate than 

non-chewers (Liao et al., 2014).  

A meta-analysis comprising fourteen studies recently conducted in South-East Asia 

reported that 6.7% of the OSCC risk was accounted by smoking, 3.1% by drinking, 17.7% 

by chewing and 72.6% by the interaction effect of smoking-drinking-chewing (Petti et 

al., 2013). Furthermore, the International Head and Neck Cancer Epidemiology 

(INHANCE) pooled seventeen European and American case control studies and reported 

that 64% of oral cavity cancer was due to combined effects of tobacco and alcohol 

(Hashibe et al., 2009). This is consistent with the analysis from the Alcohol-Related 
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Cancers and Genetic susceptibility in Europe (ARCAGE) which stated that 61% of the 

oral cancer across the Europe is due to joint effect of tobacco and alcohol (Anantharaman 

et al., 2011).   

Apart from these well known risk factors, low socioeconomic status of patients and 

poor diets are also associated with OSCC. In particular, majority of the patients are 

unemployed or low monthly income (Anantharaman et al., 2011), lower educational level 

(Anantharaman et al., 2011) and belonged to lower and lower-middle class (Rao et al., 

2013). Dietary factors and vitamin deficiencies are also associated with increased risk of 

OSCC. For examples, iron, carotenoids, folate, Vitamin C and D and flavonoid (Chi et 

al., 2015; Mostafa et al., 2016).   

2.3.4 Clinical presentation, prognosis and treatment of OSCC 

The mean age of occurrence of OSCC is usually between 51-55 years in most 

countries. The overall five-year survival has remained unchanged at 53% for several 

decades (Rivera & Venegas, 2014).   

The majority of OSCC lesions average between 2cm to 4cm at diagnosis. Those lesions 

less than 2cm are often asymptomatic (Bhattacharyya et al., 2017). Patients often seek 

medical help only after the lesions have developed into significant mass which can cause 

discomfort and mild to severe pain. The general signs and symptoms of the OSCC are 

ulceration, swelling, difficulty in speech, swallowing and moving jaws, inner ear pain, 

bleeding and voice changes (Idahosa & Kerr, 2017). Erythroplakia is often present at 

diagnosis and the soft tissue is hard during palpation. As the lesion progresses into 

advance malignancy, it associated with certain typical features such as ulceration with 

irregular floor and margins, poorly defined boundaries lump, abnormal supplying blood 

vessels, weight loss and numbness of chin. Neck metastasis are frequently associated with 

the advance stages of OSCC (Hiraki et al., 2016; Regezi et al., 2016; Rivera, 2015).     
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As with all solid tumours, early detection is associated with a better prognosis and the 

detection of molecular and genetic changes linked to early carcinogenesis has potential 

in this regard for OSCC. For example, Toluidine blue (TB) staining which stains the 

nucleus of malignant lesions and lesions with loss of heterozygosity (LOH) (Petruzzi et 

al., 2014); biomarkers such as Ki-67 indicative of proliferation and Bax/ Bcl-2 indicative 

of apoptosis (Schiegnitz et al., 2017); DNA ploidy using automated image cytometry to 

measure gross genetic mutation (P. S. Joshi et al., 2015); scanning and analysis of 

cytology samples collected by brush biopsy (Adami et al., 2017); detection of histological 

and biochemical abnormalities that invisible to naked eyes by using optical spectroscopy 

system (Carvalho et al., 2015) and computed tomography or magnetic resonance imaging 

(Wolff et al., 2012); as well as saliva-based diagnostics for signature miRNAs that are 

up-regulated in OSCC patients (Momen-Heravi et al., 2014). 

Treatment options for OSCC patients depend on their clinical pathology staging and 

factors such as age and prognostic indicators. Multimodal treatments include 

oromaxillofacial surgery,  chemotherapy, radiotherapy or combined radiochemotherapy 

(Kirita & Omura, 2015). Radiotherapy is often used with or without chemotherapy after 

surgery for advanced cases but in general, almost one fifth of the patients suffered from 

recurrence after two years from the first treatment and the five-year survival rate remained 

at 50% (Wang et al., 2013). Patients have to undergo long term follow-up intervals of 

every three months in the first two years, every six months in the next two years and 

routinely undergo CT and MRI examination of the oral cavity and neck to screen for any 

recurrence or development second primary tumours after the five years follow-up (Wolff 

et al., 2012). In recent years, targeted therapies are under the evaluation in the clinical 

settings to treat oral cancer patients. In particular, the addition of monoclonal antibody 

EGFR inhibitor to radiotherapy is carried out in clinical trials (S. H. Huang, 2013; 

RIBEIRO et al., 2014). Furthermore, reactivation of T cells by using monoclonal 
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antibodies has been recently suggested as a promising immune checkpoint blockade 

therapy to treat the OSCC. For instance, B7-H4, which is a negative immune checkpoint 

of B7 gene family that regulated adaptive cellular immunity by T cells, was showed to 

overexpress in OSCC compared to normal oral mucosa and had poor overall survival thus 

has been suggested as one of the potential therapeutic target of OSCC (L. Wu et al., 2016). 

B7-CD28 pathways immune checkpoint inhibition has been suggested as new version of 

anti-cancer strategies (Y. Zhu et al., 2017).  

2.4. Human Papillomaviruses (HPV)  

The human papillomaviruses (HPV) are small, circular, non-enveloped and double-

stranded deoxyribonucleic acid (DNA) epitheliotropic viruses which have approximately 

7900 base pairs long. They infect the cutaneous and mucosal epithelium such as skin, 

mouth, anus and genitals but are absent in the lung and colon for unknown reasons 

(Bernard, 2013). More than 160 subtypes of HPV have been identified to infect squamous 

epithelia, which cause both cancers and benign lesions, including mucosal and epithelial 

warts (Fakhry & D'Souza, 2015). 

Patients with HPV-associated cancers tend to be younger. There is global prevalence 

of HPV in women younger than 25 years old and the prevalence declines at older age 

after 40s (Forman et al., 2012). Men has been shown to have significant higher prevalence 

of oral HPV than woman (Gillison et al., 2012). The known risk factors for HPV related 

squamous cell carcinomas include sexual transmission of the virus via direct skin contact 

mainly due to early intercourse, multiple sexual partners, and oral sex activity (Candotto 

et al., 2017; Walden & Aygun, 2013). The life-time transmission risk HPV in sexually 

active women, particularly cervical infection, is as high as approximately 80% 

(Zaravinos, 2014).  
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2.4.1 HPV genome and subtypes 

The HPV genome comprises six early (E) and two late genes (L) which are named due 

to their relative expression during the viral life cycle (Figure 2.2). The early genes 

function during viral replication and transcription whilst the late genes encode for the 

structural proteins. Among the early genes, E6 and E7 are the main genes that encode for 

transforming proteins. The transcription is regulated by E2, replication is regulated by 

E1, viral release is regulated by E4 and immune invasion is controlled by E5. The 

Upstream Regulatory Region (URR) is made up of the viral origin of replication, 

promoter and enhancer elements that contribute to the transcription and replication 

activities carried out by the early genes. The two late genes, L1 and L2 code for the major 

and minor capsid proteins respectively (Taberna et al., 2017).   

Over 160 types of HPV have been identified based on at least 2% to 10% of their 

difference in the nucleotide sequence of the L1 open reading frame of their genome (Burk 

et al., 2013). Not all HPV species are harmful but some cause common skin warts whilst 

certain species often cause cancer. In particular, genital warts are caused by HPV 6 and 

HPV 11 and skin warts are caused by HPV1, HPV2 and HPV4. Furthermore, the HPV 

genome is grouped into high-risk and low-risk with regard to their oncogenic potential in 

cancer. High-risk types (HPV 16, 18, 26, 31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68) 

are predominantly expressed in precancerous and cancerous lesions. The low-risk types 

(HPV 6 , 11, 40, 43, 44, 54, 69, 70, 71, 74) are expressed in benign and non-malignant 

lesions (Klingelhutz & Roman, 2012; Lingen et al., 2013; Rautava & Syrjänen, 2012). 

High-risk HPV drives the fast proliferation of infected epithelial cells but low-risk HPV 

endures in slowly dividing epithelial cells (Doorbar, 2016). 

HPV infects the basal cellular layer via microabrasion and remained outside the 

chromosome without viral reproducing activity (Klingelhutz & Roman, 2012; Tseng, 
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2016). During this initial HPV exposure, the viruses are at their non-productive state. 

They replicate together with the dividing host cells with viral copy number maintained at 

only 50 to 100 copies. The oncogenic viral genes and proteins (i.e. E6 and E7) block the 

normal regulation of host cells division but they are under strict controlled and their 

expression is still maintained at very low level at this stage. The E6 gene binds to p53 and 

the E7 gene binds to retinoblastoma proteins (pRb). They override the cell cycle 

checkpoints to allow replication of viral DNA in non-cycling cells. The infection at this 

stage is temporal and usually goes off naturally without any treatment (Rautava & 

Syrjänen, 2012; Stanley, 2012).  

The risk of HPV infection to malignancy progression is depending on the host and 

viral genetics as well as the lifestyle and environmental factors (Figure 2.3). In particular, 

HPV 16 and 18 are most accountable to cause carcinogenesis than the other HPV subtypes 

(Crow, 2012; Schiffman & Wentzensen, 2013). 
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Figure 2.2: Typical genome of HPV and its main genes functions.  

Diagram showing the position and transcription of HPV genes on the double-stranded viral DNA. There are six early genes (E1, E2, E4, E5, E6 and E7) 

and two late genes (L1 and L2). The early genes are responsible for viral replication and late genes are encoded for capsid protein (Taberna et al., 2017).Univ
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Figure 2.3: Natural history model of HPV oral infection and carcinogenesis process.  

The role of persistence HPV infection and risk factors such as smoking leading to OPSCC progression and invasion. When the HPV infection persists 

and remained not cleared, it could lead to HPV-related precancerous oral mucosa lesion. If the precancerous lesion does not regress, it progress into 

invasive cancer. Image from Schiffman and Wentzensen (2013). Abbreviation: OC, oral contraceptives. Univ
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2.4.2 HPV vaccination and protection 

Vaccines against HPV infection have been developed and introduced to induce 

persistent tumour-antigen specific immune responses that prevent the development of 

tumours (Zaravinos, 2014). There are two types of HPV vaccines available globally up-

to-date. The first is a quadrivalent vaccine known as Gardasil, which is manufactured by 

Merck to prevent the infection of the low-risk type (i.e. HPV 6 and HPV 11) and the two 

high-risk types HPV 16 and HPV 18. The second type is bivalent vaccine known as 

Cervarix manufactured by GlaxoSmithKline Biologicals to protect from only the high-

risk types HPV 16 and HPV 18 (Schiller & Lowy, 2012). However, high-risk HPV 16 

and HPV 18 infections are not absolutely eradicated using existing vaccination strategies 

in most countries. As such, the development and improvement of HPV vaccination are 

still essentially on demand (Kawana et al., 2012).   

2.5 Role and molecular basis of HPV in HNSCC  

High-risk HPV 16 is the HPV type which has been commonly proved to be involved 

in OPSCC carcinogenesis (Zaravinos, 2014), whereas low-risk HPV 6 and HPV 11 are 

responsible for benign laryngeal lesions (Nichols, Dhaliwal, et al., 2013). HPV 16 has 

also been shown to persist the longest among all high-risk subtypes, with the higher 

likelihood of infection persistency found in middle aged adult and older men (Campbell 

et al., 2015). Apart from this, a small proportion of 10% to 15% HPV-positive OPSCC 

have been found to be associated with the HPV 33, HPV 35, HPV 45 and HPV 58 but at 

lower frequencies and with less important role (Z. Deng et al., 2012; Soria-Céspedes et 

al., 2012; Zaravinos, 2014).   

The majority of OPSCCs in developed countries, for example, 60% as reported in the 

United States, are associated with HPV 16 infections (Nguyen et al., 2016). In contrast to 

the oropharynx, only minority of cancers arise in the oral cavity seem to be HPV related 
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even in young non-smoking and non-drinking patients (Mirghani, Amen, Moreau, et al., 

2015).  However, the incidence rate of HPV-related OPSCC in middle-income 

developing countries, including Malaysia, is yet to be fully investigated and remains 

unknown.  

Recent breakthrough in research has showed that HPV-positive OPSCC carries a more 

favourable prognosis than the HPV-negative OPSCC, which is characterised by 

histological poor squamous differentiation and often presenting with advanced regional 

nodal metastasis (Ng et al., 2015). The overall 2-year and 5-year survival for HPV-

positive OPSCC is significantly greater than for HPV-negative counterpart, likely caused 

by immune surveillance to viral antigens, absence of field cancerization (C. A. Fischer et 

al., 2010a) and tendency of improved treatment response in patients (Young et al., 2015). 

For instance, a meta-analysis reported by O’rorke et al. (2012) revealed significant lower 

mortality, lower progression and recurrence rates and higher survival rates in HPV-

positive HNSCC than HPV-negative HNSCC.  

The emerging epidemiologic evidence from case-series and case–control studies 

suggest that HPV-positive OPSCC risk factor profiles are distinguishable from their 

HPV-negative counterpart. HPV-positive OPSCC is characterized by a younger age at 

onset (3–5 years younger compared to HPV-negative OPSCC), male predominance (3:1 

male: female ratio), strong associations with sexual behaviours, and inconsistent or weak 

associations with tobacco and alcohol consumptions but strongly associated with 

marijuana use. In contrast, HPV-negative OPSCC is characterized by older age at onset 

(typically at the age of 70’s), male predominance (male to female ratio of 3:1), strong 

associations with tobacco and alcohol consumptions, and moderate associations with poor 

oral hygiene as well as low dietary intake of fruits and vegetables (Chaturvedi, 2012). 
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The major differences of HPV-positive and HPV-negative HNSCC are summarised in 

Table 2.2.  

HPV-induced HNSCC show distinct molecular characteristics and suggests a different 

carcinogenesis pathway compared to HPV-negative HNSCC. The two viral oncoproteins, 

E6 and E7, are identified as the main mediators of HPV-induced oncogenesis in OPSCC. 

They play a major role in cell cycle control and the inhibition of the host cell innate 

immune response to HPV. Current research provides the understanding that the 

expression of the viral E6 and E7 oncoproteins inactivate the tumour-suppressor proteins 

(i.e. p53) and the retinoblastoma protein (i.e. pRb) respectively.  

In particular, p53 is a transcription factor which plays vital role in tumour suppression. 

It is responsible to react towards DNA damage via ATM/ ATR/ CHk1/ CHk2-dependent 

homologous recombination DNA repair pathways (Serrano et al., 2013). It is also 

stabilised in AFR-dependent manner for tumour suppression in response to oncogenic 

signals (Loughery & Meek, 2013). In the case of HPV-HNSCC, the wild-type p53 is 

ubiquitined by oncoprotein E6 with the host ubiquitin ligase E6-associated protein 

(E6AP) leading to p53 degradation by the proteasome and causing it to be malfunctioned 

(Rieckmann et al., 2013). In addition to p53, another tumour suppressor protein named 

retinoblastoma, pRb, which essentially involved in cell cycle control is also being mutated 

in the HNSCC by HPV oncogene, E7. Wild-type pRb plays a role in G1-S phase 

progression by activation of Bax and mitochondrial apoptosis (Hilgendorf et al., 2013). 

However, its function is disrupted by the E7 oncogene via binding to the pocket domain 

of pRb to the cyclic-AMP response element binding protein CBP/p300, causing the 

acetylation of pRb and loss of cell cycle control (Jansma et al., 2014). The inactivation 

of pRb by E7 also causes the reciprocal release of E2F, Cyclin A and Cyclin E and 

promotes G1-S phase transition (Zaravinos, 2014).       
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As a result of these events, cyclin-dependent kinase inhibitors (p16INK4a and 

p21Cip1/WAF1) and MDM2 inhibitor (p14ARF) are up-regulated, further leading to the 

down-regulation of Cyclin D1 and inhibition of its complex formation with CDK4 

(Mooren et al., 2014). Eventually, these events deregulate host cell cycle control and 

inhibition of host cells apoptosis leading to uncontrollable high proliferation rate and 

maintain the favourable condition in host cell for viral genome replication and L1 as well 

as L2 genes expression for viral encapsidation (Zaravinos, 2014). 

Biologically relevant HPV-associated OPSCCs can be identified by various molecular 

approaches. Despite the fact that no single ‘gold standard’ detection method has been 

globally recognised and accepted up-to-date, highly sensitive polymerase chain reaction 

(PCR)-based methods and highly specific fluorescence in-situ hybridisation (FISH) are 

widely used for detection of HPV-DNA in clinical diagnosis and research globally. 

However, both these methods have the drawbacks of high-risk of contamination and high 

probability of false-positive results (Moutasim et al., 2015). In addition, these methods 

are relatively expensive and technically demanding compared to alternative 

immunohistochemistry detection of p16INK4a (C. A. Fischer et al., 2010b). The detection 

of the p16INK4a protein is a consequence of its overexpression following the inhibition of 

the retinoblastoma protein by the E7 oncoprotein of HPV. The p16INK4a protein has been 

recognised worldwide to serve as a low specific (79-82%) yet highly sensitive (nearly 

100%) surrogate and prognostic marker for HPV infection in formalin fixed paraffin 

embedded specimens (M. Robinson et al., 2012). As such, the immunohistochemical 

detection of p16INK4a is considered to be a highly reliable and robust test and is now 

routinely performed in conjuction with HPV-DNA ISH detection or PCR-based methods 

in clinical-pathological settings (Ndiaye et al., 2014a; Pannone et al., 2012; Salazar et al., 

2014; Zaravinos, 2014).  
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Table 2.2: Clinico-pathological differences between HPV-negative and HPV-
positive HNSCC patients (A. Hay & Ganly, 2015; Partlová et al., 2015; Taberna et 

al., 2017) 

Characteristic HPV-negative HNSCC HPV-positive HNSCC 
Risk factor Alcohol, tobacco Number of oral sex partners 
Age Older Younger 
Incident trends Mostly decreasing Increasing 
Head and neck 
tumour location 

Any Base of the tongue, tonsil 

Stage Any 
Smaller primary tumour, low 
T stage, large N involvement 

Radiological image Any Cystic nodal involvement 
Histopathological 
features 

Keratinising Basaloid, Non-keratinising 

Tumour 
differentiation 

Any Undifferentiated 

Prognosis Poor Better 
Chemotherapy/ 
chemo-radiotherapy 
response rate 

Lower Higher 

Outcomes Worse OS and PFS Better OS and PFS 
Metastatic 
dissemination 

Yes Rarely 

Comorbidity Yes No 
Second primary 
tumours 

Yes No 

Prevention strategies Quitting smoking and 
drinking 

Vaccination (in development) 

Abbreviations: HNSCC, head and neck squamous cell carcinoma; HPV, human 

papillomavirus; OS, overall survival; PFS, progression-free survival 
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2.6 Molecular basis of HNSCC 

Genetic and epigenetic changes in HNSCC have been studied in regards to the crucial 

signalling pathways involved in all hallmarks of cancer, including self-sufficiency in 

growth signals, limitless replicative potential, insensitivity to anti-growth signals, ability 

to metastasise, invasion, angiogenesis and evading apoptosis, evading immune response, 

gene instability, abnormal metabolic pathways and inflammation (Leemans et al., 2018; 

Network, 2015a). In general, they can be discussed in terms of four major molecular 

alterations. Firstly, HNSCC possess unlimited cell cycling and replicative potential by 

inactivating p53 and pRb pathways. Tumour suppressor gene TP53 mutations occur in 

80% HNSCC through somatic mutation in HPV-negative HNSCC or HPV 16 E6 in HPV-

positive HNSCC. Significant association was found between decreased overall survival 

rate of patients and the disruptive mutation of TP53 (Leemans et al., 2011). Together with 

p53 mutation, methylation of CDKN2A (encodes p16INK4a) and amplification of CCND1 

(encodes cyclin D1) changed the p16INK4a-cyclin D1-CDK4-RB and the p16INK4a-cyclin 

D1-CDK6-RB signalling cascades (Leemans et al., 2011; C.-C. Li & Woo, 2014) and 

causes limitless cell replication. Secondly, overexpression of the EGFR was reported in 

HNSCC since the 19th century. Its EGFRvIII mutant was found in almost half of the 

HNSCC, leading to tumour growth and proliferation via the Ras-MAPK and 

phospholipase C signalling pathways (Tafe, 2017). Treatment of EGFR-targeting 

antibodies was effectively improved the radiotherapy response of patients (Blaszczak et 

al., 2017). However, the EGFR pathway alteration is rarely found in HPV-positive 

HNSCC but the HPV-negative counterpart (A. Hay & Ganly, 2015). Thirdly, another 

inhibitory growth factor pathway known to be down-regulated in HNSCC included the 

transforming growth factor-β (TGF-β) which coupling with the loss of SMAD3 and 

SMAD4 genes at the chromosome 18q (Park et al., 2015). The abrogation of the TGF-β 

pathway was associated with the nuclear factor-κβ (NF-κβ) that leads to pro-survival of 

Univ
ers

ity
 of

 M
ala

ya



 
  

29 

 

cells (Leemans et al., 2011). Fourthly, the PI3K-PTEN-AKT pathway mutation where 

activation of PI3K inactivates PTEN and activates AKT have been found in 30% HNSCC 

causing tumour cell migration and invasion (X. Zhang et al., 2016), as well as the evasion 

of apoptosis via downstream molecules, such as Myc, mTOR and MDM2 (A. Hay & 

Ganly, 2015).  

In addition to these four major pathways, HNSCC tumour cells have been shown to 

gain more mesenchymal and metastatic phenotypes through epithelial-to-mesenchymal 

transition. Examples of genes that induce EMT nclude NOTCH4-HEY1 (Fukusumi et al., 

2018), Snail (Ota et al., 2016), TWIST 1, E-cadherin, N-cadherin, FOXC2, vimentin and 

fibronectin (Johansson et al., 2016). Lastly,  angiogenesis inducers such as vascular 

endothelial growth factor (VEGF) were found to be significantly associated with HNSCC 

poor prognosis (Mathew, 2017).        

2.6.1 Molecular basis of HPV-positive HNSCC 

The genetic landscape published in the most recent The Cancer Genome Atlas (TCGA) 

repositories characterised the distinct genomic and molecular alterations profile of HPV-

negative and HPV-positive HNSCCs as summarised in Table 2.3 (Polo et al., 2016). In a 

study published 2006 which compared the gene expression profiles of HPV-negative and 

HPV-positive HNSCC, genes encoded for cell cycle regulators, such as CDC7 and p18, 

and genes encoded for transcription factors, for example, RPA2, TFDP2 and TAF7L were 

identified to be up-regulated in HPV-positive HNSCC (Slebos et al., 2006). Interestingly, 

another study reported that no significant differences in gene expression were observed 

between HPV-negative and HPV-positive OSCC but differential gene expression was 

found between HPV-negative and HPV-positive OPSCC, where 222 genes were up-

regulated and 77 genes were down-regulated (Lohavanichbutr et al., 2009). A few 

noteworthy up-regulated genes were those involved in DNA repair, included TOPBP1, 
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DDB2, XRCC1 and FANCG, and those involved in cell cycle and proliferation, such as 

Ki67, CDK2, NASP, CCNE2, CDC7, RBBP4, L1G1, RPA2, POLD1, and MCM2. Those 

genes involved in the cell cycle control, for example CCND1, HIPK2 and APC were 

found to be down-regulated. Interestingly, 21 genes were found to be up-regulated in 

HPV-positive OPSCC but down-regulated in HPV-negative normal controls. For 

example, FEZ2, EID1 and DHRS7 (Lohavanichbutr et al., 2009). Recurrent loss of 

TRAF3 and ATM1 and amplification of E2F1 were also found in HPV-positive HNSCC 

(Aung & Siu, 2016; A. Hay & Ganly, 2015).  

The mutation rate of HPV-positive HNSCC was found to be about half of that in HPV-

negative HNSCCs (Stransky et al., 2011). Recently, it has been reported that there are 

infrequent mutations of TP53 (i.e. mainly wild-type TP53) and CDKN2A in HPV-

positive HNSCC compared to their HPV-negative counterparts (Hong et al., 2016) but 

the crucial genes confidently known to be modulated by HPV E6 and E7 oncogenes are 

mainly those cell cycle regulatory genes encoding for proteins in the p53 and 

retinoblastoma pathways. For example, RB1, RBL1 encoded for p107 and RBL2 encoded 

for p130 (Martinez-Zapien et al., 2016; Songock et al., 2017). The role of increased 

ectopic expression of telomerase reverse transcriptase (TERT) was less important in 

HPV-positive HNSCC (Leemans et al., 2011). In addition, a third mechanism of E7 

instead of E6-dependent p53 impair mechanism was found, which is the p53-p21-

DREAM-CDE/CHR pathway which impairs the cell cycle. It comprised of G1/S and 

G2/M cell cycle genes, included KIF23, Survivin (BICR5), CDC25C and PLK4 (M. 

Fischer et al., 2017). These new data suggest that HPV overcomes cell cycle checkpoints 

by more than the accepted mechanisms.  

H. Li and Grandis (2015) reviewed the gene mutation profiles of HPV-negative and 

HPV-positive HNSCC and those genes tend to be mutated predominantly in HPV-
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positive HNSCC are PIK3CA, K-RAS, MAPK1 and FGER3. In contrast, CASP8, TP63 

and NOTCH1 are less likely mutated in HPV-negative HNSCC. These data are in 

agreement with the evidence in a large-scale whole-exome sequencing study that showed 

that activating helical domain mutations of the oncogene PIK3CA is common in HPV-

positive compared to HPV-negative HNSCC (Nichols, Palma, et al., 2013), a next-

generation sequencing study identified the driver genes that are higher in HPV-positive 

versus HPV-negative HNSCC such as the PIK3CA (30% versus 12%), KRAS (6% versus 

1%) and NRAS (4% versus 0%) were associated with reduced survival (Tinhofer et al., 

2016), a novel proximity-based assay showed that total expression of HER2, HER3, 

HER2: HER3 heterodimer, HER3-PI3K complex was significantly up-regulated in HPV-

positive HNSCC and inhibition of the phosphorylation of HER2 inactivated the MAPK 

pathway (Pollock et al., 2015).  

In addition, expression of programmed death 1 (PD1) and programmed death ligand-

1 (PD-L1) was common in HPV-positive HNSCC compared to HPV-negative HNSCC 

(Mirghani, Amen, Blanchard, et al., 2015). PD-L1 expression is found in 70% of HPV-

positive OPSCC (Lyford-Pike et al., 2013). It is in line with another study where PD-L1 

is found in 49% of HPV-positive OPSCC but only 34% in HPV-negative counterpart 

(Ukpo et al., 2013). The binding of PD-L1 to PD1 receptor was thought to cause immune 

evading by negative T-cell regulation and protect OPSCC cancer cell death (Mirghani, 

Amen, Blanchard, et al., 2015). 

The hypermethylation of DNA at promoter regions and global hypomethylation are 

two types of epigenetic changes (i.e. genetic alterations that occur without DNA sequence 

mutation) in HPV-positive compared to HPV-negative HNSCC as reviewed by van 

Kempen et al. (2014). Epigenetic alteration occurred at the sites where cytosine is 

followed by guanine (CpG dinucleotide) is called the methylation. There is a significantly 
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higher prevalence of hypermethylation at gene promoter regions in HPV-positive 

HNSCC which cause gene silencing. This is thought to be due to higher activated DNA 

methyltransferases resulting from p53 and pRb inhibition by HPV E6 and E7 

oncoproteins (C. Zhang et al., 2015). The CpG sites that are found to be methylated and 

significantly associated with HPV are TUSC3, CCNA1, CDH11, SYBL1, GRB7, SRFP4, 

TIMP3 and RUNX1T1, whilst those hypomethylated included JAK3, ESR2, SPDEF, 

RASSF1, MGMT, STAT5α and HSD17D12. Among the genes, MGMT promoter 

methylation was significantly associated with poor outcome in HPV-positive HNSCC. In 

addition, it is noteworthy that no methylation of p16 was found in HPV-positive HNSCC 

(van Kempen et al., 2014). HPV-positive HNSCC showed higher methylation of genes 

involved in escaping growth suppression and activating invasion and metastasis. It has 

more global methylation and less genomic instability. In addition, another genome-wide 

DNA-methylation analysis also suggested that Polycomb repressive complex 2 target 

genes included cadherins responsible for tumour progression and metastasis were 

modulated by HPV in HNSCC (Lechner et al., 2013). A deeper understanding of the 

methylation effects would give a better insight to the HPV-driven HNSCC carcinogenesis 

scheme. 

2.6.2 Molecular basis of HPV-negative HNSCC 

The understanding of the mutations and genetic aberrations in HPV-negative HNSCC 

is of utmost important in helping to identify biology and novel therapeutic targets for this 

disease entity. A recently published study had identified genes that are mutated in 

radiosensitive versus radioresistant HPV-negative HNSCC. In particular, 

phosphatidylinositol-4,5-bisphosphate 3-kinase-catalytic subunit alpha (PIK3CA), 

nuclear receptor binding SET domain protein 1 (NSD1) and tumour protein P63 (TP63) 

mutations were commonly found in radiosensitive tumours. On the other hand, down-
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regulation of CCDC60, FAM81A, FGD2, HS3ST6, ITGB7, PRR15L, SCGB2A1, 

SCNN1A, ST6GALNAC1, VILL and up-regulation of CSTF3, ST3GAL5 and UFD1L 

were associated with radioresistant HPV-negative HNSCC both in vitro and in vivo (Foy 

et al., 2017).   

Smoking was thought to be the major risk factor for HPV-negative HNSCC (Polo et 

al., 2016), thus tobacco smoke-related molecular alterations have been implicated in the 

carcinogenesis and pathogenesis of this entity. More than sixty smoke-related 

carcinogens were found to cause DNA adducts formation and KRAS, TP53 and RB were 

often mutated by the transitions and transversions at CpG sites (i.e. change of purine to 

another purine or pyrimidine to another pyrimidine nucleotides) in HPV-negative 

HNSCC (Hayes et al., 2015). In contrast, mutations at the TpCp sites (i.e. mutation of 

cytosine-to-thymidine due to increased cytosine deaminase mutagenesis of APOBEC 

family of enzymes) were less common in the HPV-negative HNSCC compared to the 

HPV-positive HNSCC (Network, 2015a). Interestingly, several complex signalling 

cascades were activated upon binding of nicotine and its derivatives to the nicotinic 

acetylcholine receptor (nAChR). For example, JAK/STAT, Ras/Raf/MAPK and 

PI3K/AKT. These pathways are commonly seen in HPV-negative HNSCC. Furthermore, 

overexpression of cyclins and down-regulation of cyclin-dependent kinase (Cdk) 

inhibitors were showed to promote cell cycle progression and led to chemotherapy and 

radiotherapy resistance in HPV-negative patients who did not quit smoking during 

treatment (Schaal & Chellappan, 2014).   

As far as smoke-related HPV-negative HNSCC is concerned, alterations and 

inactivation of the tumour suppressor genes, mainly TP53, CDKN2A and RB1 were 

commonly reported (Network, 2015a). In particular, mutations of the typical tumour 

suppressor TP53, are detected in most if not all of HPV-negative OSCC cases and 
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associated with increased genome instability (Samman et al., 2015). Interestingly, TP53 

mutant was frequently seen in late stage OSCC and had lower survival rates than those 

with TP53-positive OSCC (Al Salihi et al., 2016; H.-J. Lee et al., 2015) and the TP53 

signalling alterations is nearly exclusive to HPV-negative HNSCC (Seiwert et al., 2015). 

In addition, deregulation of G1/S modulators such as RB1 are early molecular 

deregulations in OSCC carcinogenesis and detected in 80% of potentially malignant oral 

lesions and OSCC (Monteiro & Warnakulasuriya, 2017; Rivera et al., 2017). Apart from 

this, genes involved in oxidative stress pathways was found to be frequently mutated in 

HPV-negative HNSCC. For example, KEAPI, CUL3, and NFE2L2 (Seiwert et al., 2015). 

Several other genes that responsible for cell squamous cell differentiation have also been 

showed to be mutated in HPV-negative HNSCC, such as FAT1 and NOTCH1 which 

inhibits Wnt/β-catenin signalling (Network, 2015b). However, NOTCH1 mutations do 

not occurred exclusively in HPV-negative HNSCCs but are found in both HPV-positive 

and HPV-negative tumours, which is similarly to PI3K signalling and SMAD network 

(Seiwert et al., 2015).  

Furthermore, somatic copy number alterations have been reported in HPV-negative 

HNSCC. For example, amplifications of 11q13 targeting CCND1, FADD and CTTN; 

11q22 targeting BIRC2 and YAP1; 7p11 targeting EGFR and focal amplification of 

ERBB2 and FGFR1 receptor tyrosine kinases. These amplified genes lead to tumour 

growth and invasion (Kempen et al., 2015). Notably, the amplification of 11q13 down-

regulated CASP8 mutations and activated NF-κβ oncogenic pathways. Deletion of 3p 

targeting CDKN2A and focal deletion of NSD1 (Network, 2015a; Seiwert et al., 2015) 

was also found to be predominantly occurred in HPV-negative HNSCC. Similarly to 

HPV-positive HNSCC, the HPV-negative HNSCC has also been showed to encounter 

amplification of the 3q26-28 targeting SOX2/TP63/PIK3CA (Seiwert et al., 2015).  
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Table 2.3: Major genetic differences between HPV-negative and HPV-positive 
HNSCCs  (A. Hay & Ganly, 2015; Partlová et al., 2015; Taberna et al., 2017) 

Molecular genome HPV-negative HNSCC HPV-positive HNSCC 

CDKN2A Common Rare 

p16INK4a overexpression Rare Common 

EGFR Common 

(amplification) 

Rare 

p53 Common Rare (p53 degradation by E6) 

pRb Rare Rare (pRb degradation by E7) 

PIK3CA Common Common (APOBEC) 

TRAF3 Common Rare 

E2F1 Rare Common 

COX2 Rare Common 

PD1 Rare Common 

CCND1 Common Rare 

MYC Common Rare 

Abbreviations: HNSCC, head and neck squamous cell carcinoma; HPV, human 

papillomavirus 
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2.7 The tumour microenvironment 

Cancer comprises both the malignant cells and the tumour microenvironment. The 

tumour microenvironment refers to the surrounding non-malignant stromal cells within a 

scaffold of extracellular matrix (ECM) and a diverse composite of immune cells (such as 

macrophages and lymphocytes) as well as non-immune cells (such as vascular cells and 

cancer-associated fibroblasts, CAFs) (Theocharis et al., 2016). It is now well recognised 

that stromal cells also play an important role in tumorigenesis, cancer progression, 

metastasis and treatment response whereby the malignant tumours are under a strict 

microenvironmental control (J. Zhang & Liu, 2013). However, the complex interactions 

between the malignant cells and the tumour microenvironment are yet to be fully 

understood and remained largely unexplored, particularly in HNSCC.  

2.7.1 Cancer-associated fibroblasts (CAFs) 

Fibroblasts are mesenchymal cells whose major function is to deposit and turnover 

ECM in normal tissues by secreting the ECM molecules, matrix metalloproteinases and 

metalloproteinases inhibitors (Darby et al., 2014). However, in recent years, the structural 

and functional contributions of CAFs to carcinogenesis are beginning to emerge and they 

are now recognised as a potential target for cancer therapies (Ohshio et al., 2015).  

CAFs are the most abundant and prominent cell type in the tumour microenvironment 

(Kalluri, 2016). Locally quiescent fibroblasts, cancer epithelial cells, endothelial cells, 

mesenchymal stem cells from the bone marrow, pericytes, smooth muscle cells, 

adipocytes, and the inflammatory cells are all possible cellular precursors of CAFs (J. 

Zhang & Liu, 2013). In normal tissues, the quiescent fibroblasts undergo activation and 

become myofibroblasts during wound healing and fibrosis, which are then eventually 

removed by the granulation process. Considering that tumours are wounds that do not 

heal, CAFs share similarities with myofibroblasts but they are not eventually removed by 
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apoptosis and notably remain permanently activated (Bates, 2015; Pidelaserra Martí & 

Bassols Teixidó, 2015). CAFs are different from the normal fibroblasts as they proliferate 

faster and increased production of growth factors as well as ECM modulators such as 

matrix metalloproteinases (MMPs) and tumour growth factor 1 (TGF-β1) (Arcucci et al., 

2016; Dissmann et al., 2015; Madar et al., 2013; Van Bockstal et al., 2014). As tumour 

cells begin to proliferate, they produce factors that activate fibroblasts and recruit CAFs. 

A fully exclusive marker for CAFs that distinguishes them from the normal fibroblasts 

has yet to be identified but alpha-smooth muscle (α-SMA) which tends to be over-

expressed by CAFs compared with normal fibroblasts is most commonly used to denote 

CAFs (Berdiel-Acer et al., 2014; Hsia et al., 2016).  

Apart from remodelling of ECM and suppressing immune responses, these activated 

CAFs are also involved in close crosstalk with tumour cells via paracrine secretion of 

growth factors, cytokines and extracellular proteins. These paracrine secretions regulate 

multiple signalling pathways that have been showed to be responsible for tumour cell 

growth and invasiveness, differentiation, angiogenesis and inflammatory responses 

(Arcucci et al., 2016; Karagiannis et al., 2012). Also, recent evidence has suggested that 

CAFs modulate drug sensitivity of malignant cells, specifically in breast (Paulsson et al., 

2017), prostate (Cheteh et al., 2017), pancreatic (Quail & Joyce, 2013) and ovarian 

tumours (Thibault et al., 2014). 

2.7.2 Collagens 

Collagens are the most abundant structural protein in humans which accounts for three-

quarters of the dry weight of skin and are the major constituent of ECM. Collagens have 

defining structural motifs in which three parallel polypeptide α-chains (each contains 

repeating amino acid motif, Gly-X-Y) coil around one another by inter-strand hydrogen 

bonds to form a right-handed triple helix with all Glycine residue buried within the core 
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of the molecule and residues X and Y exposed on the surface. The α-chains can be either 

identical (homotrimeric) or genetically distinct (heterotypic) indicated by roman 

numerals (Figure 2.4) (Mienaltowski & Birk, 2014). In humans, there are at least twenty 

eight different types of collagens have been identified and they are expressed in unique 

tissue-specific patterns and exert different functional effects. They are grouped into 

subfamilies (e.g. COL11a1 is classical fibrillar collagen, and COL8a1 is short chain 

collagens). Fibrillar collagens are synthesized as soluble precursor molecules called 

procollagens, which then form the tripe helical tropocollagens and assemble into fibril 

bundles by removing the C-propeptide whilst extenting the N-terminal.  

In addition to their structural function, recent studies have revealed other essential 

biological and physiological roles for collagens. For example, cell attachment, 

differentiation, chemotaxis, thrombosis, inflammation, regeneration and repair (Guo et 

al., 2016; Nune et al., 2017; Poundarik et al., 2015; Somaiah et al., 2015; Tangsadthakun 

et al., 2017). Interestingly, many studies have reported that the expression of collagens is 

correlated with carcinoma cell proliferation, invasion, metastasis, in vivo tumorigenesis, 

and resistance to cell death (Barcus et al., 2017; Gilkes et al., 2013).  

2.7.2.1 Collagen Type VIII Alpha 1 Chain (COL8a1)  

Type VIII collagen is a non-fibrillar short chain homotrimer which is composed of 

alpha-1 (genomic localization: 3q12-q13.1) and alpha-2 (genomic localization: 1p34.3-

p32.3) subunits, both with the similar molecular weight of approximately 60kDa (N. 

Hansen & Karsdal, 2016). It is the main component of Descemet’s membrane and the 

highly expressed key component in vascular remodelling (Lopes et al., 2013). COL8 has 

been reported to be involved in angiogenesis (N. U. B. Hansen et al., 2016), facilitates 

smooth muscle cells migration (Adiguzel et al., 2013) and movement of myofibroblasts 

in fibrosis (Skrbic et al., 2015). However, little is known about the clinical implications 
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of COL8 expression in cancer and other diseases. What is known indicates that up-

regulation of COL8 is detected in diabetic nephropathy (Van et al., 2017) and caortic 

injury (Gil-Cayuela et al., 2016) and it has also been demonstrated recently that the 

expression of COL8 is significantly correlated with hepatocarcinoma proliferation, 

invasion and reduced drug sensitivity (Ma et al., 2012). COL8a1 is also found to be 

associated with epithelial-mesenchymal transition (Minafra et al., 2014) and metastasis 

(Kanwar & Done, 2013) in breast cancer. However, there are no reports describing the 

expression of COL8 subunits in HNSCC and the role of this collagen in carcinogenesis 

remains to be elucidated. 

2.7.2.2 Collagen Type XI Alpha 1 Chain (COL11a1) 

Type XI collagen falls into the classical fibrillar group characterised by their ability to 

assemble into highly orientated staggered supramolecular fibrils. It is formed as a 

heterotrimer of three different alpha chains, alpha-1 (genomic localization 1p21), alpha-

2 (genomic localization: 6p21.3), and alpha-3 (genomic localization: 12q13.11-q13.2) 

(Karaglani et al., 2015; S.-J. Kim et al., 2016; McAlinden et al., 2014). It co-polymerises 

with Type II and Type IX collagens to largely contribute to the composition of cartilage 

which is important in tissue repair (Sok et al., 2013b). Facial anomalies, cleft palate and 

hearing defects have been regarded as COLXI “collagenopathies” since the 19th century 

(Spranger, 1998). With regards tumorigenesis, COLXI specifically the α1 subtypes was 

reported to be over-expressed in colorectal (D. Zhang et al., 2016), lung (Shen et al., 

2016), gastric (A. Li et al., 2017) and pancreatic (García-Pravia et al., 2013). It has also 

been shown to cause chemoresistance in ovarian cancer (Rada, Cha, et al., 2017). 

Recently, COL11a1 was shown to be over-expressed in HPV-negative HNSCC and 

contribute to tumour proliferation, migration and invasion (Rada, Eldred, et al., 2017; 

Sok et al., 2013a), but the signalling mechanisms are still yet to be fully explained. To 
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date, there have been no studies investigating the influence and relation of COL11a1 to 

HPV-positive HNSCC. 
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Figure 2.4: Diagram depicting the triple helix structure of collagens.  

A. Location of residues in the Gly-X-Y triplets. B. Right-handed helical twist formed by 

polypeptides. Images and information from Fratzl (2008) and Wahyudi et al. (2016). 
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2.7.3 Cross-talk between tumour cells and the tumour microenvironment  

There exists close crosstalk between CAFs and tumour cells during tumour 

progression. CAFs can become activated as a result of genetic or epigenetic alterations, 

which then results in an increase in ECM biosynthesis, angiogenesis, macrophage 

infiltration of epithelial tumours and secretion of growth factors and chemokines by 

tumour cells. This triggers signalling cues which in turn induce development of reactive 

fibroblasts (Krishnamachary et al., 2017; Schoepp et al., 2017; Tang et al., 2016) and 

drives tumourigenesis (Attieh & Vignjevic, 2016; Dart, 2017; K. Miyake et al., 2017). 

The interactions between cells and their microenvironment are mediated, in part, by the 

matrix receptors at the cellular surface. The matrix receptors play a crucial role to link the 

ECM to the behavioural response of cells, and this activates complex signalling pathways 

to regulate various biological processes, such as cell differentiation and survival (Bonnans 

et al., 2014). Deregulated expression or function of many of these receptors has been 

implicated in tumour pathology, for example tumour development, differentiation, 

invasion and metastasis (Pickup et al., 2014; Seguin et al., 2015). For example, integrins 

have been identified as a primary receptor involved in cell-matrix adhesion and plays 

important role in regulating cancer stemness, metastasis and drug resistance (Seguin et 

al., 2015); urokinase-type plasminogen activator receptor (uPAR), tissue factor (TF) and 

the epidermal growth factor receptor (EGFR) modulates angiogenesis, tumour growth 

and invasion via regulating ECM degradation and remodelling in OSCC (Christensen et 

al., 2017).    

2.8 Discoidin Domain Receptor 1 (DDR1) 

2.8.1 DDR1 structure & isoforms 

The Discoidin Domain Receptor (DDR) family is expressed in epithelial tissues and 

belong to the class of receptor tyrosine kinases (RTKs). The RTKs are single-pass trans-
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membrane receptors characterised by conserved cytosolic kinase domains and 

structurally diverse extracellular ligand-binding regions. RTK-dependent signal 

transduction regulates cellular processes, such as proliferation and differentiation, cell 

survival, cell migration and cell cycle control (Chiasson-MacKenzie & McClatchey, 

2017). Typical RTKs are activated by soluble peptide-like growth factors (Koschut et al., 

2016). It was therefore surprising that the DDRs are activated and could transmit signals 

in cells following binding to a number of collagens (Ruiz-Castro et al., 2016).  

There are only two members of the DDR family identified to date, namely DDR1 and 

DDR2. DDR1 was first identified in the Dictyostelium discoideum amoeba and was 

shown to mediate cell aggregation (Rammal et al., 2016a). DDR1 and DDR2 share highly 

conserved sequence identity of discoidin homology (DS) in the extracellular region and 

DS-like domains with 59 and 51% of similarity, respectively (Carafoli & Hohenester, 

2013). Both DDR1 and DDR2 receptors are activated upon binding to collagens. While 

DDR2 can only be activated by fibrillar collagen such as COL1 (C.-c. Zhu et al., 2015) 

and COL3 (Lamandé et al., 2017), DDR1 is known to be mostly activated by COL1 

(Assent et al., 2015) and COL4 collagens (Favreau et al., 2014), whilst its activation by 

the COL8a1 and COL11a1 has rarely been described up to date and remains to be 

elucidated.   

Structurally, DDR1 is known to have four distinct domains, i.e. a characteristic 

extracellular domain composed of the N-terminal DS domain and a DS-like domain 

(triple helical collagen and matrix metalloproteinase binding site); a single trans-

membrane domain and an intracellular tyrosine kinase domain comprising both the juxta-

membrane regulatory sequence of about 221 amino acids depending on the protein 

isoforms and a catalytic tyrosine kinase domain (KD) of about 300 amino acids, plus a 

C-terminal peptide of about 8 amino acids (Carafoli et al., 2012; H.-L. Fu et al., 2013). 
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The phosphorylation and activation of downstream signalling take place at the KD 

(Carafoli & Hohenester, 2013). The structure of DDR1 is shown in Figure 2.5A.  

Alternative splicing around the juxta-membrane gives rise to five isoforms of DDR1 

(DDR1a-e; Figure 2.5B) but only a single form for DDR2 (Nishida & Shimada, 2016; 

Rammal et al., 2016a). The DDR1 gene is located on chromosome 6p21.3 in humans 

(Zum Gottesberge & Hansen, 2014). Among the five DDR1 isoforms, isoforms DDR1a, 

b and c are kinase-active whilst DDR1d and e isoforms are C-terminally truncated kinase-

deficient forms due to a frame shift and truncation respectively. Specifically, frame-shift 

alterations of exons 11 and 12 in DDR1d causes a stop codon and premature termination 

of transcription, whereas exons 11, 12 and first half of exon 10 are lacking in DDR1e. 

The most abundant isoforms are DDR1a and DDR1b, whilst the longest isoform is 

DDR1c which is composed of 919 amino acids. DDR1a and DDR1b are closely related 

but DDR1b contains an additional sequence of 37 amino acids inserted into the juxta-

membrane domain which is encoded by an exon that is spliced out of the DDR1a 

transcript. Importantly, it provides sites for downstream signalling at this LXNPXY motif 

and proline-rich stretch. The five isoforms of DDR1 have different tissue specific 

expression patterns, glycosylation, phosphorylation, protein interactions and functions 

(Borza & Pozzi, 2014; Carafoli & Hohenester, 2013; Birgit Leitinger, 2016). 

The  present study is  focused  on  the DDR1 which expressed on the epithelial cells 

but  not the DDR2  that often expressed on mesenchymal cells. 
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Figure 2.5: Diagrammatic representation of DDR1 isoforms.  

A. DDR1 structure and localisation of phosphorylated site at intracellular domain.  

B. Active and inactive kinase isoforms of DDR1. Images adapted from Atlas of Genetics 

and Cytogenetics in Oncology and Haematology; and Rammal et al. (2016a). 

Abbreviations: DS, discoidin  domain; DS-like, discoidin-like domain; EJXM,    

extracellular juxtamembrane region; TM, transmembrane segment; IJXM, intracellular 

juxtamembrane region; KD, kinase domain; C-tail, C-terminal tail
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2.8.2 Collagen-DDR1 signalling in cancer 

The collagen-DDR1 axis is shown to modulate tumour-stromal interactions but 

defining the precise signalling mechanisms that regulate these interactions has always 

been challenging. DDR1 is unique in a way that binding to collagen results in delayed 

and sustained receptor phosphorylation (Rammal et al., 2016a). Whilst other RTKs 

typically undergo receptor-ligand internalisation followed by dephosphorylation by 

phosphatase, DDR1 phosphorylation has been shown sustained up to 18 hours (Ju et al., 

2015). Upon binding of collagen, the tyrosine residue in the activation loop of DDR1 

tyrosine kinase domain is phosphorylated. It brings about auto-phosphorylation of 

tyrosines at the juxta-membrane region. Next, docking and binding of several types of 

adaptor proteins or signalling molecules take place. For example, Src Homology 2 (SH2) 

(H. Huang et al., 2016); phosphotyrosine binding (PTB) domain containing proteins 

(Vella et al., 2017); extracellular signal regulated kinase mitogen-activated protein kinase 

(ERK1/2-MAPK) (El Azreq et al., 2016), members of the signal transducers and 

activators of transcription (STAT) family of transcription factors (Ruiz-Castro et al., 

2016); cytoplasmic protein Nck2 (Iwai et al., 2016); protein tyrosine phosphatase SHP-2 

(Birgit Leitinger, 2016); Wnt5a/Frizzled (Rammal et al., 2016a); and SHC-transforming 

protein 1 (ShC1) (H. Huang et al., 2016). The binding of these proteins activates their 

downstream pathways and regulates various cellular processes. Recent studies have 

demonstrated a role of DDR1 in regulating various important cellular behaviours, such as 

adhesion and ECM remodeling (Chua et al., 2016; Birgit Leitinger, 2016) but these 

functions are dysregulated in various human diseases, such as cancer (H. Gao et al., 

2016). However, DDR1 does not react with heat-denatured collagen (Birgit Leitinger, 

2016) and is activated by the GVMGFO motif in native triple helix proteins (An et al., 

2016). Interestingly, unlike typical RTKs which are induced and phosphorylated by 

ligands within seconds, DDR1 is atypical and phosphorylation is much slower upon 
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ligand stimulation (Leitinger, 2015). Furthermore, unlike other RTKs where receptor 

dimerization happens upon ligand binding, DDR1 dimerization is necessary for collagen 

recognition prior to interaction (Juskaite et al., 2017). 

2.8.3 Role of DDR1 in cancer  

Collagens are the only ligands known to interact with DDR1 (Juskaite et al., 2017; 

Sarkar et al., 2015) and DDR1 receptor activation regulates various cellular processes, 

including ECM remodelling, cell proliferation, differentiation, cell adhesion, cell 

migration, invasion and processes associated with tissue homeostasis (Justus et al., 2016; 

Romayor et al., 2017; Shitomi et al., 2015; Yuge et al., 2017). Mutation or overexpression 

of DDR1 expression has been implicated in numerous types of disease, including 

inflammation, tissue fibrosis, atherosclerosis and cancer (Kothiwale, Borza, Lowe, et al., 

2015). DDR1 expression is often de-regulated in cancer and has been reported to be 

overexpressed in lung cancer (Miao et al., 2013), breast cancer (Badaoui et al., 2017) and 

lymphoma (Fathima Zumla Cader et al., 2013).   

Recent publications have reported important roles of DDR1 in cancer progression via 

in vitro and in vivo studies. DDR1 silencing has been demonstrated to reduce the growth 

of tumour xenografts in human pancreatic adenocarcinoma (Rudra-Ganguly et al., 2014); 

reduced motility and metastasis in colon carcinoma (Yuge et al., 2017) and osteosarcoma 

(Zhaofeng Wang et al., 2017); inhibited the cell proliferation, migration and invasion in 

myeloid leukemia (Favreau et al., 2014); and decreased migrativeness and invasiveness 

of non-small cell lung carcinoma (Miao et al., 2013). Furthermore, DDR1 overexpression 

has been showed to promote migration in breast cancer (Badaoui et al., 2017; Reyes-

Uribe et al., 2015), pancreatic adenocarcinoma (H. Huang et al., 2016) and myeloid 

leukemia (Favreau et al., 2014). Interestingly, recent studies have showed that the 

activation of collagen receptors promotes tumour survival, particularly in lymphoma cells 
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(F. Z. Cader et al., 2013) and breast cancer (Badaoui et al., 2017). However, the 

underlying mechanisms of DDR1 activation and downstream molecular signalling are 

largely unknown.  

The role of DDR1 in cancer is somewhat controversial and data exists to support both 

positive and negative regulation of cancers. It appears that these effects are cell type 

specific and context-dependent. DDR1 has been suggested as a positive regulator of 

epithelial-mesenchymal transition in human renal cancer (Song et al., 2016), non-small 

cell lung carcinoma (Miao et al., 2013), gastric cancer (R. Xie et al., 2016) and pancreatic 

adenocarcinoma (H. Huang, 2016) but shown to be a negative regulator of epithelial-

mesenchymal transition in human breast cancer (Koh et al., 2015). It has also been shown 

to inhibit integrin mediated migration and spreading in Madin-Darby Canine Kidney cells 

(Borza & Pozzi, 2014) but promote cell migration and invasion in T helper cells (El Azreq 

et al., 2016). 

To date, little is known about the role of DDR1 in HNSCC and the expression and 

function of DDR1 in OPSCC and OSCC are currently unknown.  

2.8.4 DDR1 inhibition and targeted therapy 

As our understanding of the role of DDR1 in cancer has been advancing in recent 

years, this unique tyrosine kinase has been seen as a potential therapeutic target in cancer 

research. Examples of DDR1 targeted therapy in preclinical studies include the targeted 

delivery of miRNAs such as miR-199a-5p (Yingbin Hu et al., 2014); use of monoclonal 

antibodies which bind to discoidin-like domain of DDR1 such as Fab 3E3, 48B3 and H-

126; also inhibitors made against the DDR1 kinase (Rammal et al., 2016a).  

There are two types of DDR1 inhibitors that have been identified thus far, which are 

the Type 1 active inhibitors and Type 2 inactive inhibitors. Both types of inhibitors act 
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by preventing transfer of the terminal phosphate group of adenosine triphosphate to 

protein substrate, i.e. adenosine triphosphate (ATP) competitive inhibitors (Rammal et 

al., 2016a). However, the mechanisms are different in that the Type 1 active inhibitors 

bind to the “open-configuration” of DDR1 kinase domain (i.e. Asp-Phe-Gly motif of the 

activation segment in open configuration of DDR1 activation loop) which is known as 

the DFG-in conformation, whereas the Type 2 inactive inhibitors bind to the “close-

configuration” of DDR1 kinase domain known as the DFG-out conformation and stabilise 

DDR1 inactive kinase form. In addition, Type 1 active inhibitors inhibit a wide range of 

tyrosine kinases, whilst the Type 2 inactive inhibitors are more selective by inhibiting 

only a few tyrosine kinases (Kothiwale, Borza, Lowe Jr, et al., 2015). Many potent small 

molecule inhibitors with effective IC50 have been designed by chemical and proteomic 

approaches. For instant, Dasatinib (IC50= 0.5nM) of Type 1 active inhibitors, Imatinib 

(337nM), Nilotinib (43nM) and Ponatinib (9nM) of Type 2 inhibitors (Canning et al., 

2014).  

Interestingly, in vitro studies showed that 3-(2-(pyrazolo[1,5-a]pyramidine-6-yl)-

ethynyl) benzamides inhibited the kinase activity of DDR1 in Type 2 inhibitor mode with 

an IC50 of approximately 7nM. These potent compounds inhibited the proliferation of 

lung, breast and colon carcinoma cells that highly expressed DDR1 (M. Gao et al., 2013). 

Additionally, another two Type 2 inhibitors, DDR1-IN-1 and DDR1-IN-2, have been 

shown to be able to induce significant inhibitory effects with the IC50 of 105nM and 47nM 

respectively (Rammal et al., 2016b). Both the inhibitors have also been shown that they 

are able to inhibit DDR1 activation in U2OS cells even in the presence of collagen, with 

the EC50 of 86 and 9nM respectively (H.-G. Kim et al., 2013). Apart from this, a series 

of pyrazolo-urea containing compounds such as 2a (IC50= 69nM), 4a (IC50= 235nM) and 

4b (IC50= 39nM) have also been identified as the new Type 2 inhibitors of DDR1 

Univ
ers

ity
 of

 M
ala

ya



 
  

50 

 

(Richters et al., 2014). However, these DDR1 inhibitors have been used primarily as 

research tools and none are yet in clinical use or in clinical trials.  
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 CHAPTER 3: MATERIALS AND METHODS 

3.1 Materials  

3.1.1 OPSCC tissues  

The Astellas PredicTr Array 4 containing 38 cores of OPSCC tumours and 2 non-

tumour cores and 56 OPSCC FFPE biopsy samples were obtained from the Institute of 

Head and Neck Studies and Education (InHANSE), Institute of Cancer and Genomic 

Sciences, University of Birmingham, United Kingdom. The tumours had been stratified 

by p16 and HPV DNA status previously. For the biopsy samples, additional information 

apart from the p16 and HPV DNA status such as age, gender, T stage, N stage, diagnostic 

biopsy date, date of first recurrence, date of death, survival months, date last seen, alive/ 

deceased outcome, smoking histories, overall survival time, recurrence free survival time 

and risk groups stratification were provided by Professor Hisham Mehanna [Director of 

the Institute of Head and Neck Studies and Education (InHANSE), University of 

Birmingham] and Professor Paul Murray (Professor of Molecular Pathology, Institute of 

Cancer and Genomic Medicine, University of Birmingham, United Kingdom). Ethical 

approval was obtained for this study (REC reference 10/H1210/9).  

To examine the prevalence of HPV in Malaysian OPSCCs, 60 cases were obtained 

from four different hospitals in two major cities. Cases were identified by searching 

pathology databases for SCCs labelled as oropharynx, tonsil and soft palate and the 

patients were identified over a 12-year period (2004-2015). Formalin-fixed paraffin 

embedded (FFPE) tissue blocks were obtained from the relevant pathology tissue archives 

and clinico-pathological information were obtained from clinical databases and review of 

medical records. All patient information was de-identified. This study had ethical 

approval from the relevant institutional medical research and ethics boards (REC 

reference: NMRR-12-13577; UMMC 20164-2341; SDMC 201211.3). 
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3.1.2 OSCC tissues  

For OSCCs, 60 biopsy samples of OSCCs from Malaysian patients were obtained from 

the Malaysian Oral Cancer Database and Tissue Bank System (MOCDTBS) managed by 

the Oral Cancer Research and Coordinating Centre (OCRCC), University of Malaya. 

Samples were collected from patients who visited University Malaya Medical Centre 

from 2004 to 2012. Ethical approval for this study was obtained from the Medical Ethics 

Committee, Faculty of Dentistry, University of Malaya [REC reference: DF 

OB1602/0026(U)].  

3.1.3 HPV testing 

The HPV status of OPSCCs tissues was assessed using p16 IHC and high risk HPV 

DNA in situ hybridisation. These tests were performed and interpreted by Dr Max 

Robinson (Honorary Consultant Oral Pathologist in Newcastle upon Tyne Hospitals NHS 

Foundation Trust; Senior Lecturer in Oral Pathology, University of Newcastle-upon-

Tyne). The p16 immunohistochemistry (IHC) was performed using a proprietary kit 

(CINtec Histology, Roche mtm laboratories AG, Germany) on a Ventana Benchmark 

Autostainer (Ventana Medical Systems Inc, USA). Normal tonsil was used as a negative 

control and OPSCC with high p16 expression was used as a positive control. The p16 

staining was assessed as positive when there was strong and diffuse nuclear and 

cytoplasmic staining present in greater than 70% of the malignant cells (Jordan et al., 

2012; Singhi & Westra, 2010). HR- HPV DNA in-situ hybridisation (HR-HPV ISH) was 

carried out using proprietary reagents (Inform HPV III Family 16 Probe (B), Ventana 

Medical Systems Inc, USA) on a Benchmark Autostainer (Ventana Medical Systems Inc, 

USA). The Inform HPV III Family 16 Probe (B) detects high risk genotypes HPV-16, -

18, -31, -33, -35, -39, -45, -51, -52, -56, -58 and -66. Three control samples were used: 

FFPE CaSki cells (HPV-16 positive; 200-400 copies per cell), HeLa cells (HPV-18 
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positive; 10-50 copies per cell) and C-33A (HPV negative; Ventana Medical Systems Inc, 

USA). The HR- HPV ISH test was scored as positive if there was any blue reaction 

product that co-localised with the malignant cells (Thavaraj et al., 2011). 

3.1.4 Cell lines 

A series of human oral fibroblasts cell lines were provided by Professor Ken 

Parkinson, Institute of Dentistry, Queen Mary University of London, United Kingdom. 

These included normal human oral fibroblasts (NHOF4, NHOF6, NHOF7), less 

senescent CAFs derived from genetically stable OSCC (BICR59F, BICR69F, BICR70F) 

and highly senescent CAFs derived from genetically unstable OSCC (BICR3F, BICR31F, 

BICR78F). The derivation and culture of these fibroblast strains has been described 

previously (Yazan Hassona et al., 2013; Lim et al., 2011a).  

4 human OPSCC cell lines, SCC040 (UPCI-SCC-040), SCC154 (UPCI-SCC-154), 

VU040T (92-VU-040T) and VU147 (93-VU-147T), were provided by Dr Sally Roberts 

from the University of Birmingham, United Kingdom. Of these, 2 cell lines are HPV-

positive (SCC154, VU147T) and 2 cell lines are HPV-negative (SCC040, VU040T). 

SCC040 is moderately differentiated tongue squamous cell carcinoma established from a 

50-years old Caucasian male who was non-smoker who with alcohol intake history and 

died of disease (Shakir, 2014). SCC154 is derived from the tongue squamous cell 

carcinoma of a 54-years old Caucasian male with smoking and alcohol intake history. It 

has no TP53 mutations and no amplification of chromosomal band 11q13 (American 

Type Tissue Collection, 2018). VU040T is derived from tongue squamous cell carcinoma 

of a female (Hermsen et al., 1996) (NCIthesaurus, 2018). VU147T is moderately 

differentiated floor of mouth squamous cell carcinoma established from a 58-years old 

male with the history of alcohol intake and smoking (Junaid, 2016). The HPV-negative 

status of SCC040 and VU040T and HPV-positive status of SCC154 and VU147T were 
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validated and confirmed by polymerase chain reaction using E6 and E7 primers sets 

(Figure 3.1).    

A panel of 8 human OSCC cell lines (H103, H157, H314, H357, H376, H400, H413 

and BICR31) originally derived by Prime et al. (1990) were obtained from European 

Collection of Authenticated Cell Cultures (ECACC) and confirmed negative for 

Mycoplasma infection. The cell lines have been characterised of p53, Ha-ras and 

CDKN2A mutations. In particular, all the cell lines showed p53 mutation (Burns et al., 

1993; Yeudall et al., 1995), expressed wild-type Ha-ras except H357 (Clark et al., 1993; 

Yeudall et al., 1993), and all showed CDKN2A mutation or promoter methylation 

(Loughran et al., 1996; C. L. Wu et al., 1999).
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Figure 3.1: Validation of HPV status of OPSCC cell lines.  

Absence and presence of E6 and E7 HPV viral oncogenes were confirmed in HPV-

negative (SCC040 and VU040T) and HPV-positive (SCC154 and VU147T) OPSCC cell 

lines. Established HPV-positive cell line, SiHa, was used as the positive control; Distilled 

water, dH2O was used as the negative control. 

SiHa HaCaT SCC040 SCC154 VU040T VU147T dH2O 

HPV E6 
(152bp) 

HPV E7 
(81bp) 
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3.2 Immunohistochemistry (IHC) methods 

3.2.1 Chromogenic immunohistochemistry 

Chromogenic immunohistochemistry was carried out using the DAKO REAL™ 

EnVision Detection method. Tissue sections were removed from paraffin by immersing 

in Histo-Clear (National Diagnostic, UK) for 10 minutes and rehydrated by immersing 

the slides in 100% ethanol (Sigma-Aldrich, UK) for 10 minutes, 90% ethanol (Sigma-

Aldrich, UK) for 5 minutes and 70% ethanol (Sigma-Aldrich, UK) for 10 minutes. The 

slides were rinsed with tap water for 10 minutes. Tissue sections were stained after low 

temperature antigen retrieval in Citrate buffer or overnight retrieval in EDTA solution. 

The endogenous peroxidase activity was blocked by hydrogen peroxide (Sigma-Aldrich, 

UK) for 10 minutes. Primary antibody diluted in PBS-Tween-20 (0.1%) was applied for 

1 hour at temperature or overnight at 4⁰C. The primary antibodies were discarded and the 

slides were washed with 1 X PBS for three times of 10 minutes each. Detection was 

performed with Streptavidin-HRP-conjugated goat anti-rabbit or goat anti-mouse 

secondary IgG (Dako, Agilent Technologies, US) for 30 minutes, followed by three times 

washing with 1 X PBS of 10 minutes each. The 3,3’-Diaminobenzidine (DAB) (Dako, 

Agilent Technologies, US) was added to the tissue sections and incubated at room 

temperature for 15 minutes. The Chromogen substrate solution was discarded from the 

slides. The tissue sections were rinsed under running tap water for 5 minutes. After 

counterstaining with Hematoxylin, the slides were mounted with aqueous mounting 

media using coverslips.  

3.2.2 Antibody optimisation and validation for anti-CK AE1/AE3, -alpha-SMA,          

-COL8a1, -COL11a1 and -DDR1 antibodies 

A panel of antibodies from different manufacturers were tested and validated for their 

specificities and sensitivity. They were optimised for the antigen retrieval buffer types, 
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pH, heating method and device, primary antibody concentration, types of diluents, 

incubation temperature and types of detection system. The optimal conditions of all the 

antibodies were assessed by Dr Maha Ibrahim (Pathologist, University of Birmingham, 

United Kingdom) and Professor Paul Murray (Professor of Molecular Pathology, 

University of Birmingham, United Kingdom) prior to use as listed in Table 3.1. 

Representative images of each optimised antibody were scanned and captured by 

Pannoramic Digital Slide Scanner (3DHISTECH Ltd, Hungary) are shown in Figure 3.2. 
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Table 3.1: Antibodies for immunohistochemistry assay 

Antibody Species Dilution Antigen 
retrieval Manufacturer 

Anti- pan-
cytokeratin AE1/ 
AE3 (CK AE1/ 
AE3) 

Mouse 
monoclonal 1:1000 Citrate buffer 

Dako, Agilent 
Technologies, 

US 

Anti- alpha-
smooth muscle 
actin (α-SMA) 

Rabbit 
polyclonal 1:1000 Citrate buffer 

Dako, Agilent 
Technologies, 

US 
Anti-fibroblasts-
Specific Protein 1 
(S100A4) 

Rabbit 
polyclonal 1:1000 Citrate buffer Sigma-Aldrich, 

US 

Anti-fibroblasts 
Antibody, clone 
TE-7 

Mouse 
monoclonal 1:500 EDTA buffer Chemicon, 

Temecula, CA 

Anti- collagen 
VIII alpha 1 
(COL8a1) 

Rabbit 
polyclonal 1:200 EDTA buffer Sigma-Aldrich, 

US 

Anti- Collagen XI 
alpha 1 
(COL11a1) LS-
C191996 

Rabbit 
polyclonal 1:200 EDTA buffer 

LifeSpan 
BioSciences, 

Inc, US 

Anti- collagen XI 
alpha 1 
(COL11a1) 
HPA052246 

Rabbit 
polyclonal 1:200 EDTA buffer Sigma-Aldrich, 

US 

Anti- Discoidin 
Domain Receptor 
1 (D1G6) XP® 

Rabbit 
monoclonal 1:1000 Citrate buffer 

Cell Signaling 
Technology, 

USA 
Anti- Discoidin 
Domain Receptor 
1 (C-20): SC532 

Rabbit 
polyclonal 1:200 Citrate buffer 

Santa Cruz 
Biotechnology, 

Inc, US 
Anti- Discoidin 
Domain Receptor 
1  (clone 
2G4E12) LS-
B3861 

Mouse 
monoclonal 1:500 Citrate buffer 

LifeSpan 
BioSciences, 

Inc, US Univ
ers

ity
 of

 M
ala

ya



 
  

59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Representative images of optimised IHC staining using the selected 

antibodies in formalin fixed paraffin embedded human tonsil tissue.  

Tonsils stained with antibodies targeting (A) CK AE1/ AE3 (B) α-SMA (C) COL8a1 (D) 

COL11a1 and (E) DDR1 and counterstained with haematoxylin under optimised 

condition and visualised at panaromic view; low power view at 10X magnification and 

high power view at 40X magnification. 

10X magnification 40X magnification  
A 

B 

Panaromic view 

C 

D 

E 
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3.2.3 Opal multiplex fluorescence staining 

Tissues were de-waxed in Histo-Clear (AGTC Bioproducts t/a National Diagnostic, 

UK) for 10 minutes and rehydrated in 100% ethanol (Sigma-Aldrich, UK) and rinsed 

under running tap water for 5 minutes. The slides were blocked in 0.3% hydrogen 

peroxide (Sigma-Aldrich, UK) for 10 minutes to block the endogenous peroxidase 

activity and rinsed under running tap water for 5 minutes. The slides were microwaved 

in citrate buffer that contained 1.26g Sodium Citrate and 0.25g Citric Acid dissolved in 

1L distilled water (pH6.0) at full power, moderate power and lower power for 10 minutes 

each. The slides were removed from the buffer after completely cooled and rinsed under 

running tap water. The slides were washed with 0.1% PBS-Tween-20 (PBST) for 5 

minutes and incubated with 100µL of 5 X Casein Blocking System (Vector Laboratories 

Ltd., UK) at room temperature to avoid background signals.       

The expression of DDR1 and COL11a1 in OPSCCs on the TMA were determined by 

dual immunohistochemistry using Opal TSA Plus Cyanine3/ Fluorescein 

immunofluorescence staining (NEL753001KT, PerkinElmer, Waltham, MA, US). 

Primary DDR1 antibody (rabbit mAb, 1:200 dilution, Cell Signaling) was used with anti-

rabbit IgG (goat) HRP-conjugated secondary antibody prior to signal amplification with 

TSA Plus Cyanine 3. The primary-secondary-HRP complex was then removed by 

microwave treatment, the staining procedure repeated using primary COL11a1 antibody 

(rabbit pAb, 1:100 dilution, Sigma), anti-rabbit IgG (goat) HRP-conjugated secondary 

antibody and TSA Plus Fluorescein for detection.  

The expression of CK AE1/ AE3, α-SMA, COL8a1, COL11a1 and DDR1 in primary 

OPSCC and OSCC tissue sections were examined. Primary cytokeratin AE1/AE3 

antibody (mouse mAb, 1:1000 dilution, Dako Agilent Technologies, US) was used with 

anti-mouse IgG (goat) HRP-conjugated secondary antibody prior to signal amplification 
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with TSA Plus Cyanine 3. The primary-secondary-HRP complex was then removed by 

microwave treatment and the staining procedure repeated using primary DDR1 antibody 

(rabbit mAb, 1:200 dilution, Cell Signaling), anti-rabbit IgG (goat) HRP-conjugated 

secondary antibody and TSA Plus Fluorescein for detection. Serial sections were stained 

with primary α-SMA antibody (mouse mAb, 1:1000 dilution, Dako Agilent 

Technologies, US) and used with anti-mouse IgG (goat) HRP-conjugated secondary 

antibody prior to signal amplification with TSA Plus Cyanine 3. The primary-secondary-

HRP complex was then removed by microwave treatment the staining procedure repeated 

using primary COL8a1 antibody (rabbit pAb, 1:100 dilution, Sigma) or COL11a1 

antibody (rabbit pAb, 1:100 dilution, Sigma), anti-rabbit IgG (goat) HRP-conjugated 

secondary antibody and TSA Plus Fluorescein were used for detection of both collagens.  

After counterstaining with DAPI, the slides were mounted with aqueous mounting 

media using coverslips. Their staining qualities and specificities were validated by 

pathologist. All the tissues on the TMA were scanned and captured by the Vectra 

Automated Quantitative Pathology Imaging System (PerkinElmer, Waltham, MA, US), 

whilst all the whole tissue sections were scanned and captured by the MetaMorph 

Microscopy Automation and Image Analysis Software (Molecular Devices, LLC, US).  

3.2.4 Vectra Automated Quantitative Pathology Imaging System and InForm® 

Image Analysis software 

Immunohistochemical stained slides were scanned and full tissue images were 

acquired using a fully automated quantitative pathology system, Vectra Version 2.0 

(PerkinElmer, Waltham, MA, US). Single staining of each fluorophore was used to 

generate the spectral profile of unmixed emission spectra and auto-fluorescence spectrum 

was set up by using unstained slides. DAPI, FITC and Cy3 long pass filter cubes were 

optimised for maximum spectral resolution and to reduce cross-interference between 
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fluorophores. Whole slide scanning was performed where 10X and 40X pixel resolutions 

multispectral imaging were carried out and captured for every core. Identical exposure 

times were used for all slides to avoid variability. Epithelial staining in the nucleus and 

cytoplasm was scored and quantified digitally. The intensity of each fluorescent target 

was extracted from the multispectral data using linear unmixing.  

The results were subsequently analysed using InForm® Analysis Software 

(PerkinElmer, Waltham, MA, US). Vectra multispectral images files were imported into 

the InForm software and converted into single layer TIFF format. The single layer TIFF 

files of each the TMA cores were loaded and analysed as ‘maps’ within a single ‘scene’ 

by using a customized import algorithm. Tissue and cellular segmentations were carried 

out in every core by the fluorescent intensity cut-offs determined by auto-adaptive 

threshold. Each core was segmented into epithelial cells and stroma, then further 

compartmentalized into cytoplasm and nuclei. Fields with artefactual staining, 

insufficient epithelial tissue or out-of-focus images were omitted prior to quantification. 

Each of the targets was interrogated specifically using fluorescent quantum dots and their 

intensities were quantitated on a per-pixel basis on every cell in a core, resulting in an 

algorithm-based absolute staining score for each core. Staining intensities for every 

marker were measured in the whole tissue core based on predetermined subcellular 

localization criteria. Pixel intensity of every marker in the predefined compartments was 

averaged across maps to yield a single value of double negative, single FITC, single Cy3, 

double positive, percentage of tissue category area and total number of cells for each core.  

The entire process of scanning and analyses including the segmentation maps and 

scoring results of every core was assessed and validated for their accuracy and quality by 

Dr Maha Ibrahim (Pathologist, University of Birmingham) and Dr Neeraj Lal (Clinical 

Research Fellow, University of Birmingham).  
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3.2.5 MetaMorph® Microscopy Automation and Image Analysis 

Multiplex fluorescent staining on tissue sections was quantitatively evaluated using a 

computerised image acquisition and analyser, the Metamorph® Microscopy Automation 

and Image Analysis (Molecular Device LLC, US). 5 random fields were captured for each 

slide. Auto threshold was used with manual adjustment to ensure the accuracy and 

validated by technical officer and pathologist. Regions of interest in every image were 

defined based on tissue structure and components, shape and size after image 

segmentation using the Integrated Morphometry Analysis. The active regions of interest 

were measured and analysed, whilst the regions outside the defined boundary were 

ignored. The total staining intensity, average intensity, maximum and minimum 

intensities were obtained by Region Statistics and Region Measurements. The image 

calibration and area measurement were carried out in microns and square microns. The 

area and co-localised integrated intensity of dual fluorescent probes in this study were 

measured quantitatively for the degree of overlap. H-scores were calculated as the product 

of the staining score and the percentage of cells showing positive staining. Means from 

random five fields were used in analyses for each case. The Data Log files of executed 

measurements were logging to Microsoft Excel for further analyses. Representative slides 

were imaged at magnification of (IV) 63X and (V) 100X oil immersion objectives 

captured by Confocal Laser Scanning Microscope (Zeiss). Constant laser settings, 

detector gain and offsets were used for all slides after the initial optimisation of each filter 

and slides. Confocal Z-stacks and flat images were acquired for each of the slides.   

3.3 Cell culture methods 

3.3.1 Maintenance of cell lines 

Fibroblast cell lines were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) 

medium (Gibco Life Technologies, USA) supplemented with 20% fetal bovine serum 
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(FBS) (Gibco Life Technologies, USA). OPSCC cell lines were cultured in DMEM 

medium (Gibco Life Technologies, USA) supplemented with 10% FBS (Gibco Life 

Technologies, USA) and 10% Minimum Essential Media (MEM) Non-Essential Amino 

Acid Solution 10mM (100X) (Gibco Life Technologies, USA). The OSCC cells were 

cultured in Dulbecco’s modified Eagle’s medium and Hams F12 (DMEM/F12) (Gibco 

Life Technologies, USA) supplemented with 10% (v/v) FBS (Gibco Life Technologies, 

USA), 200 IU/mL Penicillin and 200µg/mL Streptomycin and 0.5µg/mL Hydrocortisone. 

The L428 (First Hodgkin cell line) and DG75 (Burkitt lymphoma cell line) controls were 

cultured in Roswell Park Memorial Institute (RPMI) 1640 medium (Gibco Life 

Technologies, USA) supplemented with 10% FBS (Gibco Technologies, USA). The 

breast cancer cell line T47D was cultured in DMEM medium (Gibco Life Technologies, 

USA) supplemented with 10% FBS (Gibco Life Technologies, USA).  

3.3.2 Sub-culturing and cell number determination 

All the cell lines used in this study were not beyond passage 10. Cells were sub-

cultured at confluency of 70-80%.  

To sub-culture the fibroblasts, OSCC and T47D control cell line, cells were washed 

with PBS (Gibco Life Technologies, USA) and trypsinised with 0.25% trypsin-EDTA 

(Gibco Life Technologies, USA). An equal volume of complete growth medium was 

added to neutralise the trypsin and cells were pelleted by centrifugation at 200 x g for 10 

minutes. Cell pellets were resuspended in fresh medium and the cell number was 

determined using a Luna Automated Cell Counter (Logos Biosystems, Korea). To 

exclude cells and taken into account of viable cells, the cells were mixed 1:1 with Trypan 

Blue (Gibco Life Technologies, USA) and 10μL of the mixture was pipetted into 

compatible cell counting chamber (Logos Biosystem, Korea). The number of viable cells 
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was determined and cells were seeded at required densities according to the experimental 

designs. 

To sub-culture OPSCC cell lines, the cells were trypsined with TrypLE Express 

Enzyme (1X), phenol red (Gibco Life Technologies, USA) for 10 minutes at 37⁰C. 

Trypsinised cells were resuspended in equal volume of complete growth medium and 

pelleted as above.   

For L428 and DG75 suspension control cell lines, cells were directly pelleted by 

centrifugation at 200 x g for 10 minutes without trypsinisation followed by the methods 

as mentioned above.  

3.3.3 Cryopreservation and Recovery of Cells 

Aliquots of 1 X 106 cells were resuspended in FBS containing 10% DMSO (Sigma 

Aldrich, USA) and transferred into cryovials (Nunc, USA). They were stored in Nalgene® 

Mr Frosty cryo container (Sigma Aldrich, UK) overnight at -80⁰C and transferred to 

liquid nitrogen storage the next day.  

To revive the cryopreserved cells, cells were thawed rapidly at 37⁰C. Thawed cells 

were immediately resuspended in 5mL of fresh complete growth medium and centrifuged 

at 200 x g for 10 minutes. The supernatant was discarded and cell pellet was resuspended 

in 500μL of complete growth medium to ensure single cell suspension before grown in a 

25cm2 tissue culture flask in 5mL of fresh medium.  

3.4 Stable knockdown of DDR1 in OPSCC cell lines 

3.4.1 Transformation and propagation of competent bacteria (DH5α)  

A 50µL aliquot of competent Escherichia coli cells (DH5α) was thawed on ice and 

mixed with 1μg shRNA construct from Sigma Aldrich (Table 3.2). The mixture was 

incubated on ice for 15 minutes, heat shocked at 42⁰C in a thermomixer (Eppendorf, 

Germany) for exactly 45 seconds and promptly incubated on ice for 2 minutes. 250µL of 
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sterile Terrific Broth (Thermo Fisher Scientific, Waltham, MA, USA) was added to the 

cells and shaken in the thermomixer (Eppendorf™ Thermomixer, Thermo Fisher 

Scientific) at 200rpm and 37⁰C for 1 hour prior to platting on 1.5% (w/v) Terrific Broth 

(TB) (Thermo Fisher Scientific, Waltham, MA, USA), 1.5% agar (Thermo Fisher 

Scientific, Waltham, MA, USA) plates and 50µg/ mL Carbenicillin (Thermo Fisher 

Scientific, Waltham, MA, USA). The bacteria cultures were incubated inverted at 37⁰C 

for 16 hours. A single bacterial colony was then picked and inoculated into 5mL sterile 

TB medium containing 50µg/mL Carbenicillin and shaken overnight in 37⁰C orbital 

shaker (SW22 Shaking Water Bath, Julabo GmbH, Germany) at 200r.p.m. 250uL of the 

overnight culture was inoculated into 500mL sterile TB medium containing 50µg/mL 

Carbenicillin and agitated for overnight in the 37⁰C orbital shaker at 200r.p.m.  

Table 3.2: shRNA constructs for stable DDR1 knock-down in cell lines 
shRNA DDR1 

Clone 1 NM_001954/TRCN0000121293/pLKO 

Clone 2 NM_001954/TRCN0000121163/pLKO 

Clone 3 NM_001954/TRCN0000010084/pLKO 

 

3.4.2 Purification of plasmid DNA 

The resultant bacterial cell suspension from Section 3.4.1 was centrifuged at 5,300 x 

g for 10 minutes at 4⁰C. The supernatant was discarded and plasmid DNA purification 

was performed using the Plasmid Maxiprep Kit (Qiagen Ltd, Manchester, UK). Cell 

pellets were resuspended in 10mL of 100μg/mL RNase containing Buffer P1. 10mL 

Buffer P2 was added and mixed thoroughly by inverting the tubes 6-8 times then 

incubated at room temperature for 5 minutes, followed by 10mL of cooled Buffer P3 and 

mixed gently by inverting the tubes again. The bacterial cells were lysed and the lysate 

were filtered through QIAfilter Maxi Cartridge into a 50mL tube after 10 minutes 
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incubation at room temperature. 2.5mL Buffer ER was added to the filtered lysates and 

mixed gently before incubating on ice for 30 minutes. The lysates were allowed to enter 

the resin of QIAGEN-tip 500 which had been pre-equilibrated with 10mL Buffer QBT. 

The tips were washed with 30mL of Buffer QC after the flow of lysates. The plasmids 

DNA were eluted with 15mL Buffer QN and precipitated with 0.7 volumes isopropanol 

at room temperature. The plasmid DNA was pelleted by centrifugation at 5,300 x g for 

30 minutes at 4⁰C and the supernatants were discarded. The pelleted plasmid DNA was 

then washed with 5mL of 70% (v/v) molecular grade ethanol (Sigma Aldrich, USA) by 

centrifugation at 5,300 x g for 10 minutes at 4⁰C. After air-dried for 10 minutes at room 

temperature, the DNA pellets were dissolved in 500μL of 5mM Tris/HCl buffer. DNA 

concentration was quantitated using a NanoDrop 2000 spectrophotometer.   

3.4.3 Generation of Puromycin kill curve 

Appropriate densities of target cells were seeded in 6-well plates to be 60% confluence 

on the next day. Increasing concentrations of Puromycin (Sigma-Aldrich, USA) at 0, 

0.25, 0.5, 1, 2.5 and 5μg/mL were added to the target cells. The cells were cultured at 

30⁰C at 5% CO2 incubator and the percentage of alive cells were observed every 

subsequent day until Day-7. The minimum concentration of Puromycin that killed 90% 

of the target cells were chosen as the selection dose for subsequent experiments.  

3.4.4 Lentiviral transfection and production of lentiviral supernatants 

Lentiviral transfection and transduction system was used to generate stable knock 

down of DDR1 in HPV-negative (SCC040 and VU040T) and HPV-positive (SCC154 

and VU147T) OPSCC cell lines. The DDR1 shRNA lentiviral plasmids and non-targeting 

shRNA (pLKO.1/NS) were prepared as described in Section 3.4.1 and 3.4.2. 12 X 106 

HEK 293T cells were seeded in T150 flask until 80-90% confluent. A DNA mixture in 

OptiMEM contained 40µg Puromycin-resistant shRNA construct, 10µg envelope 
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plasmid pMD2.G and 30µg packaging plasmid psPAX2 were added to 5mL Opti-MEM® 

(Gibco Life Technologies, USA) and sterilised through a 0.2μm filter (Sartorius, 

Germany). Another 5mL of Opti-MEM® containing 1µL of 10mM polyethylenimine 

(PEI) (Sigma-Aldrich, USA) was sterilised through 0.2μm filter. These two solutions of 

plasmids DNA and PEI were mixed 1:1 ratio and incubated for 20 minutes at room 

temperature. The HEK 293T cells were washed with fresh Opti-MEM®. 10mL of the 

plasmids DNA and PEI mixtures were added to transfect the cells at 37⁰C and 5% CO2 

for 4 hours. The media were then replaced with fresh complete DMEM and the cells were 

incubated for another 48 hours. The resulting viral supernatants were collected and 

filtered through a 0.45μm filter before aliquoting and storage at -80⁰C until use. 

3.4.5 Lentiviral transduction of OPSCC cells  

1 X 106 target cells (SCC040, SCC154, VU040T and VU147T) were seeded in 100mm 

culture plates one day prior to transduction. The viral supernatants collected as described 

in Section 3.4.4 were reconstituted in 1:1 ratio with fresh DMEM and added to the target 

cells together with Polybrene (final concentration of 8µg/mL). The cells were incubated 

with the virus-containing medium at 37⁰C and 5% CO2 for 18 hours and the media then 

replaced with fresh DMEM. Puromycin (working concentration of 2µg/mL) was added 

in order to select for successfully transduced target cells. Fresh Puromycin-containing 

medium were changed every few days until the non-transduced cells being killed off. The 

selected transduced cells were being cultured and expanded for the used in subsequent 

experiments. The knock down efficiency of each construct lines was determined by Q-

PCR and Western blotting methods, as described in Sections 3.5 and 3.6.  

3.4.6 Collection of conditioned media and protein quantification 

Fibroblasts were grown to 70-80% confluence in 100cm2 dishes in DMEM complete 

medium. The media were changed to serum-free DMEM medium and the cells cultured 
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for an additional 3 days. Supernatants were collected on Day-4 and replaced with 

complete growth medium for cells recovery. The cells were incubated with fresh serum-

free medium again on Day-7 and the supernatants were collected on Day-9. The collected 

supernatants were concentrated with Amicon® Ultra-15 Centrifugal Filter Devices 

(Merck Millipore, Germany). 12mL of the supernatants were loaded into the filter device 

and placed into fixed angle rotor with the membrane panel facing up and centrifuged at 

5000 x g maximum speed for 30 minutes at 4⁰C. The protein concentrations of the 

concentrated solutes were determined by Bradford Protein Assay kit (Bio-Rad 

Laboratories, USA) as described in Section 3.6.2. The concentrated solutes were kept at 

-80⁰C until further use.  

3.5 Molecular biology methods 

3.5.1 RNA extraction from cell lines 

Total RNA extraction was performed using QIAGEN RNeasy® Mini Kit (Qiagen Ltd, 

Manchester, UK). Cells were cultured to at least reach 1 X 106 cell number and 

trypsinised. The cells were washed and pelleted with ice cold PBS and dissolved in the 

recommended volume of RLT Buffer added with β-mercaptoethanol (Sigma Aldrich, 

USA) and vortexed. 700μL of the resuspended pellet was loaded into a QIAshredder spin 

column (Qiagen, Germany) and homogenised by centrifugation for 2 minutes at 

maximum speed of 20,238 x g in a micro-centrifuge (Eppendorf Centrifuge 5424). Equal 

volume of 70% (v/v) molecular grade Ethanol (Merck, Germany) was added to the lysates 

and mixture was loaded into an RNeasy® spin column. After washing with washing 

buffer, DNAse I incubation mix of RNAse Free DNAse set (QIAGEN, Germany) was 

loaded directly to the spin column membrane for on-column DNAse digestion. The 

column was washed with washing buffer for multiple times. RNA was eluted by loading 

40μL of RNAse-free water onto the membrane. The quality and concentration of RNA 

Univ
ers

ity
 of

 M
ala

ya



 
  

70 

 

were determined by Nanodrop 2000 Spectrophotometer (Thermo Fisher Scientific, 

Waltham, MA, USA). The pure RNA with 260/230 ratios within 2.0-2.2 and 260/280 

ratios close to 2 were used for subsequent experiments.       

3.5.2 cDNA synthesis 

Complementary DNA (cDNA) was synthesized using High-Capacity cDNA Reverse 

Transcription Kit (Applied Biosystem, California, US). 1μg of RNA was added with 

RNase-free water for final volume of 10μL. The RNA was mixed by centrifugation with 

a master mix containing 2μL of 10 X Reverse Transcriptase Random Primers, 2μL of 10 

X Reverse Transcriptase Buffer, 0.8μL of 100mM deoxyribonucleotide triphosphate 

(dNTP) mix, 1μL of MultiSribe™ Reverse Transcriptase and 4.2μL of RNAse-free water. 

The mixtures were loaded to a thermal cycler (Applied Biosystems, USA) to convert the 

RNA into cDNA under the program of 10 minutes at 25⁰C, 2 hours at 37⁰C, 5 minutes at 

85⁰C and hold at 4⁰C prior to storage at -20⁰C.    

3.5.3 Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR) and gel 

electrophoresis 

The E6 and E7 oncogenes primers sequences were used for HPV detections and 

another five different DDR1 isoforms primers pairs were used to amplify the DDR1a to 

DDR1e as shown in Table 3.3. 1μL of the cDNA was mixed with 12.5μL of 2 X MM ET 

master mix, 2.5μL primer mix and 9μL nuclease-free water in 0.2mL PCR tube. The 

mixture in the tube was resuspended and vortexed before loaded to Veriti™ 96-Well 

Thermal Cycler (Applied Biosystem, California, US) and ran under different programs 

with the type of primers respectively (Table 3.4). After the RT-PCR, the DNA amplified 

product was loaded into 2% agarose gel and ran in 1 X TAE buffer for 30 minutes at 

110V voltage. Bands were visualized by using MultiDoc-It™ Imaging System (UVP, 

LLC, US).  
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Table 3.3: Forward and reverse sequences of primers for RT-PCR 

Gene Sequences (5’--3’) 

E6 
Forward primer: GCACCAAAAGAGAACTGCAATGTT 

Reverse primer: AGTCATATACCTCACGTCGCAGTA 

E7 
Forward primer: CAAGTGTGACTCTACGCTTCGG 

Reverse primer: GTGGCCCATTAACAGGTCTTCCAA 

DDR1a 
Forward primer: CCCCAATGGCTCTGCCTA 

Reverse primer: AACAATGTCAGCCTCGGCATA 

DDR1b 
Forward primer: GGCCAAACCCACCAACAC 

Reverse primer: AACAATGTCAGCCTCGGCATA 

DDR1c 
Forward primer: CCCTTTGCTGGTAGCTGTCAA 

Reverse primer: ACCAAGAATGCCAGCTTCTCC 

DDR1d 
Forward primer: GCAGGCTCCTCAGCAAGG 

Reverse primer: CCTTTGCTGGTAGCTGTCAAGA 

DDR1e 
Forward primer: GTCCCCAATGGCTCTGGT 

Reverse primer: TTCCTGAAAGAGGTGAAGATCAT 

GAPDH 
Forward primer: GAAGGTGAAGGTCGGAGTC 

Reverse primer: GAAGATGGTGATGGGATTTC 
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Table 3.4: Reverse transcription PCR programmes 

Gene Stage Cycle Step Temperature Time 

E6  

&  

E7 

1  1 Initial denaturation 95⁰C 15 min 

2 45 

Denaturation 94⁰C 30 sec 

Annealing 56⁰C 40 sec 

Elongation 72⁰C 40 sec 

3 ∞ Hold  4⁰C ∞ 

GAPDH 

1  1 Initial denaturation 94⁰C 2 min 

2  25 

Denaturation 94⁰C 30 sec 

Annealing 58⁰C 45 sec 

Elongation 72⁰C 1 min 

3 1 Final elongation 72⁰C 10 min 

4 ∞ Hold 4⁰C ∞ 

DDR1 

1  1 Initial denaturation 96⁰C 1 min 

2  40 

Denaturation 96⁰C 10 sec 

Annealing 50⁰C 5 sec 

Elongation 60⁰C 4 min 

3 1 Final elongation 72⁰C 5 min 

4 ∞ Hold 4⁰C ∞ Univ
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3.5.4 Quantitative Real-Time Polymerase Chain Reaction (Q-PCR) 

Quantitative real-time PCR reactions (Q-PCR) was performed using Fast Start 

Universal Probe Master (ROX; Roche Molecular Diagnostics, California, US) and 

Taqman ® Gene Expression Assay probes (Applied Biosystems, California, US) labelled 

with FAM reporter dye at the 5’ end. The following TaqMan ® Gene Expression Assay 

probes were used to investigate the expression levels of different target mRNAs: 

COLVIIIa1 (Hs00156669_m1), COLXIa1 (Hs01097664_m1), DDR1 

(Hs01058430_m1) and GAPDH (4326317E). The cDNA was diluted at 1:20x ratio 

with nuclease-free water. 5μL of the diluted cDNA, 10μL of FastStart Universal 

Probe Master (Rox), 1μL of TaqMan® Gene Expression Assay, 1μL of GAPDH 

probe and 3μL of nuclease-free water were mixed and loaded into each well. The 

expression levels of target genes mRNA were detected in triplicate wells and read by 

StepOnePlus 7500 Fast Real-Time PCR system (Applied Biosystem, California, US). 

Quantification of the Q-PCR results was performed using the 7500 Software v2.0.5 

(Applied Biosystems, California, US). Data of delta-delta Ct (∆∆Ct) were expressed 

either as relative gene expression normalized to endogenous control (GAPDH) which was 

amplified in the same reactions in the case where reference sample was not applicable or 

relative to the baseline value in reference sample to obtain the absolute fold change in the 

case where reference sample was applicable.  

3.6 Western blotting protein analysis 

3.6.1 Protein extraction 

Cells were grown in 60mm dishes until 80% confluent. The cells were lysed on ice for 

15 minutes using NP40 lysis buffer containing [1.5M NaCl, 1% IGEPAL® CA-630 

(Sigma-Aldrich, USA), 50mM Tris-HCl (pH8.0), 1:100 Protease Inhibitor Cocktail Set 

III (Calbiochem, Merck Millipore, Darmstadt, Germany) and 1:100 Halt Phosphatase 
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Inhibitor Cocktail (Thermo Fisher Scientific, Waltham, MA, USA). The cells were 

scraped and incubated on ice for another 15 minutes. The lysates were then centrifuged 

at maximum speed (20,238 x g) for 30 minutes at 4⁰C on a refrigerated centrifuge 

(Eppendorf, Hamburg, Germany) and the protein lysates stored at -80⁰C.  

3.6.2 Protein concentration quantification 

Protein concentrations were measured using a Bradford assay kit (Bio-Rad, CA, US). 

Bovine Serum Albumin (BSA) standard set (Bio-Rad, USA) was used to create a standard 

curve of 7 increasing BSA concentrations at 0.125, 0.250, 0.500, 0.750, 1.000, 1.500 and 

2.000mg/mL). 250uL of 1 X Bradford reagent (Bio-Rad Laboratories, USA) was added 

to 5μL of protein samples diluted at 1:10 ratio with PBS or the BSA standards in a 96-

well plate and incubated at room temperature for 5 minutes. The absorbance was 

measured at 595nm using a Tecan Microplate Reader (Infinite® 200 PRO, Switzerland). 

A standard curve was plotted using the BSA standards readings to determine the protein 

concentration of the samples.       

3.6.3 Sodium dodecyl sulphate-polyacrylamide gel electrophoresis 

50µg protein was mixed with 2 X Laemmli buffer (Bio-rad, USA) containing 5% β-

mercaptoethanol (Bio-basic, Canada). The sample was heated at 90⁰C for 10 minutes to 

denature the proteins. Bio-rad apparatus was used for SDS-PAGE. 6% resolving gel was 

prepared and poured into the gel cassettes. Once the gel had set, 4% gel stacking gel was 

casted on top of the resolving gel with the gel comb inserted. The gel was placed in the 

electrophoresis tank containing 1 X Running Buffer (Thermo Scientific, USA) and the 

denatured protein lysates and 5µL of Precision Plus Protein All Blue standard (Bio-rad, 

USA) were loaded into wells after removing the gel comb. Electrophoresis was performed 

at 70V for 20 minutes to allow the protein lysates ran down the stacking gel followed by 

90V for 90 minutes to run down the resolving gel. 
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3.6.4 Transfer, immunoblotting and visualisation of proteins 

0.45µm pore size polyvinylidene difluoride (PVDF) membranes (Merck Milipore, 

Germany) were hydrated in methanol (Merck Milipore, Germany) for 15 seconds, 

ultrapure water for 2 minutes and 1 X Transfer Buffer (Bio-rad, USA) containing 20% 

methanol for 5 minutes. Protein transfer was carried out using a Trans-Blot® Turbo 

Transfer System (Bio-Rad, CA, USA) at 25V for 30 minutes. The membrane was 

subsequently blocked in 5% non-fat milk or 5% BSA (Bio-basic, Canada) in Tris-

Buffered Saline (TBS) [150mM NaCl, 50mM Tris-HCl (pH7.6)] with 0.1% Tween 20 

(TBST) for 1 hour at room temperature and then incubated with primary antibodies 

overnight at various optimal dilutions as listed in Table 3.5. The membrane bound 

protein-antibody complexes were incubated with 1:5000 dilution of horse-radish 

peroxidase (HRP)-conjugated secondary antibodies (goat anti-rabbit or goat anti-mouse 

antibodies, Sigma-Aldrich) at room temperature for 1 hour after washed three times for 

10 minutes each in TBST. The membrane was washed with TBST again for three times 

of 10 minutes each and followed by enhanced chemiluminescence (ECL) detection using 

Odyssey Fc Imaging System (LI-COR Biosciences, USA) after incubated with Western 

Bright™ Sirius ECL reagent (Advansta, CA, USA).
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Table 3.5: Primary antibodies details and working dilutions for Western 
blotting 

Antibody Species Dilution 
Blocking 

buffer 
Manufacturer 

Anti-DDR1 

(D1G6) XP® 

Rabbit 

monoclonal 
1:1000 

5% w/v BSA/ 

TBST 

Cell Signaling 

Technology, 

USA 

Anti-DDR1 

(C-20): 

SC532 

Rabbit 

polyclonal 
1:200 

5% w/v BSA/ 

TBST 

Santa Cruz 

Biotechnology, 

Inc, US 

Anti-DDR1 

(clone 

2G4E12) 

LS-B3861 

Mouse 

monoclonal 
1:500 

5% w/v BSA/ 

TBST 

LifeSpan 

BioSciences, 

Inc, US 

Anti-

GAPDH 

ab37168 

Rabbit 

polyclonal 
1:1000 

5% w/v non-fat 

milk/ TBST 
Abcam, UK 
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3.7 Ribonucleic acid-Sequencing (RNA-seq) and bioinformatics 

DDR1 transcript expression in H376 cells was analysed by RNAseq, which was 

performed as part of a related study (Yap et al., 2016). Briefly, Total RNA was extracted 

and strand specific library preparation and paired-end RNA sequencing (Illumina HiSeq 

4000) was performed by BGI Tech Solutions (Hong Kong) Co Ltd.  Sequence reads were 

aligned to human ensemble transcripts database using star aligner. Bioinformatic analyses 

were performed by Dr Wenbin Wei (Senior Bioinformatician, University of 

Birmingham). Differentially expressed 58 splice variants of DDR1 were identified and 

transcript quantification was performed using RSEM (RNA-seq by Expectation-

Maximization). Percentages of transcript isoforms were also calculated and reported by 

RSEM. The data was normalized using TMM (trimmed mean of M values) method, and 

then analysed to identify the major DDR1 transcripts isoforms. The raw data was 

background subtracted using normexp method and normalized using quantile method of 

limma package. Differentially expressed probe sets were identified using limma (Smyth, 

2004)with the criteria of absolute fold change greater than 1.5 and limma p value< 0.01. 

3.8 Analysis of DDR1 expression in The Cancer Genome Atlas HNSCC data set 

The Cancer Genome Atlas (TCGA) analyses were performed by Dr Robert Hollows 

(Bioinformatician, University of Birmingham). Data from TCGA were downloaded using 

the “Data matrix” option within the TCGA data portal (Network, 2015a). Level 3 RNA-

sequencing data based on the Illumina HiSeq 2000 RNA Sequencing platform (Version 

2) were downloaded along with all available clinical data in the “Biotab” format”. 

Tumour samples were categorized as either “HPV-negative” or “HPV-positive” 

according to the data item “HPV status” provided in TCGA’s clinical data. In total there 

were 400 HPV-negative tumour samples (282 male, 118 female) and 94 HPV-positive 

samples (84 male, 10 female) for which RNA-seq data were also available. In addition, 
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RNA-seq data were available for 44 “normal” samples, 37 of which were matched to 

HPV-negative tumour samples and 6 to HPV-positive tumour samples.  

The RNA-seq files labelled “rsem.genes.results” contained unnormalised read counts 

for over 20,000 genes. Read counts were normalized between samples and converted to 

counts-per-million (cpm) reads for each gene using the edgeR package (M. D. Robinson 

et al., 2010) in R (Team, 2016). Differential expression analysis was also performed using 

edgeR. Kaplan-Meier and Cox proportional hazards analyses of overall survival based on 

normalised cpm values for DDR1 were performed using the “Survival” package in R. 

Log-rank statistical tests were performed for Kaplan-Meier analyses, with samples split 

into groups using the modal DDR1 cpm value and also into the top and bottom thirds by 

DDR1 expression. Wald tests were used for the Cox analyses. A significance level of 5% 

was used in all statistical tests. 

3.9 In vitro assays of cell behaviour and apoptosis  

3.9.1 Senescence detection assay 

8 X 104 cells were seeded into 12-well plates and senescence-associated beta-

galactosidase (SA-β-Gal) activity measured using a Senescence Detection kit (BioVision, 

Mountain View, CA). Cells were washed thoroughly with 1mL of 1 X PBS and fixed 

with 500µL of Fixative Solution for 15 minutes at room temperature. The cells were 

washed twice in 1mL of 1 X PBS and incubated in a dark environment for overnight in 

500 µL staining solution mixture consisted of 470µL Staining Solution, 5µL Staining 

Supplement and 25µL of 20mg/ml X-gal in dimethyl sulfoxide (DMSO). The staining 

solution was removed and the cells were overlaid with 70% glycerol. The development 

of blue staining was detected and captured by using a Nikon inverted microscope 

equipped with a colour CCD camera (Nikon Instruments, Inc., Lewisville, US) under 20X 
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magnification. Senescent cells with positive dark blue staining were counted in random 

10 microscope fields and the percentage of senescent cells calculated. 

3.9.2 Cell proliferation assay 

Cells were cultured in 75cm2 flasks until 80% confluence. Cells were trypsinised with 

TrypLE Express (Gibco® Thermo Fisher Scientific, US) and centrifuged at 200 x g for 8 

minutes. Pellets were resuspended in fresh complete medium and 1 X 105 cells were 

seeded into 60mm dish. Media were changed every 4 days over a period of 14 days. To 

examine the effect of collagen, the cells were treated with 100µg/mL of collagen (Merck 

Millipore, Germany) the next day and fresh collagen added at each media change. Cell 

numbers were determined at 4-day intervals by trypsinisation and cell counting using a 

Luna Automated Cell Counter (Logos Biosystems, Korea). 

3.9.3 Clonogenic assay 

50 cells were seeded into triplicate 60mmes dish in 3mL complete medium. Media 

were changed every 4 days over a period of 14 days. On Day-14, the cells were washed 

twice with 1 X PBS, fixed and stained with 0.5% crystal violet (Merck Millipore, 

Germany) contained 0.4% formaldehyde (Merck Millipore, Germany) and 20% methanol 

(Merck Millipore, Germany) for 2 hours at room temperature. The cells were washed 

under running tap water and air-dried for overnight. Colonies were counted by bright field 

microscope where islands of more than 50 cells were considered as one colony.  

3.9.4 Wound healing assay 

Cells were seeded into 6-wells plate at a density that reached 90% confluence in 

monolayer after 24 hours. The monolayer of cells was gently scratched with a sterilised 

pipette tip across the centre of the well in a straight line direction. The cells were washed 

gently with PBS to remove dead cells and replenished with fresh complete medium 

containing with or without collagen (Merck Millipore, Germany) or gelatin (Sigma-
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Aldrich, US). Closure of the wound was monitored every 24 hours over a period of 72 

hours using a Nikon inverted microscope equipped with a colour CCD camera (Nikon 

Instruments, Inc., Lewisville, US) under 20X magnification.     

3.9.5 Transwell migration assay 

Cells were grown in 75cm2 flasks to reach 80% confluence and incubated with or 

without collagen (Merck Millipore, Germany) or gelatin (Sigma-Aldrich, US) for 24 

hours. The next day, cells were treated with a final concentration of 10µg/mL mitomycin 

C (Merck Millipore, Germany) at 37⁰C for 2 hours to negate the effects of cell 

proliferation. Polycarbonate inserts of 8µm pore size (Transwell, Corning, USA) in 24-

well plates were coated with 200µL of 10µg/mL fibronectin (Gibco Life Technologies, 

US) at 37⁰C for 2 hours prior used. 1 X 106 cells in 200µL medium were seeded into the 

upper chambers and 500µL of medium enriched with 20% FBS was loaded into the lower 

chamber. The cells were allowed to migrate for 19 hours and the cells in the upper 

chamber were then removed with a cotton bud and the migrated cells in the lower chamber 

were fixed and stained with 0.5% crystal violet (Merck Millipore, Germany) contained 

0.4% formaldehyde (Merck Millipore, Germany) and 20% methanol (Merck Millipore, 

Germany) for 2 hours at room temperature. The cells were washed with distilled water 

and allowed to air-dry for overnight before counting five random fields at 20X 

magnification for each triplicate by using a Nikon inverted microscope equipped with a 

colour CCD camera (Nikon Instruments, Inc., Lewisville, US).      

3.9.6 Transwell invasion assay 

Cell invasion assays were performed using Corning® Matrigel® Invasion Chamber 

(8µm pore size; Discovery Labware, Inc, US) in 24-well plates. Cells were grown in 

75cm2 flasks to reach 80% confluence and serum-starved for overnight prior to the 

experiment. The next day, cells were treated with a final concentration of 10µg/mL 
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mitomycin C (Merck Millipore, Germany) at 37⁰C for 2 hours invasion chambers 

rehydrated in 500µL of serum-free medium at 37⁰C and 5% CO2 for 2 hours.  1 X 106 or 

0.5 X 106 cells  depending on the  cell line to be used, in 500µL media were seeded into 

the upper chambers and 750µL of media enriched with 20% FBS was pipetted into the 

lower chamber. The cells were allowed to invade for 48 hours at 37⁰C and 5% CO2. The 

non-invaded cells in the upper chamber were then removed with a cotton bud and the 

invaded cells in the lower chamber were fixed, stained and counted, as described in 

Section 3.9.6.         

3.9.7 MTT cell viability assay 

Cell viability was determined by colorimetric 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) assay. Cells were seeded in triplicate wells of 96-

well plates (Costar, Washington, DC, USA) and incubated at 37⁰C for 24 hours before 

treatment with Cisplatin (Tocris, UK) for a period of 72 hours. Then a 10% volume of 

5mg/mL MTT (Merck, Germany) was added to the wells and incubated for 4 hours and 

the crystal blue formazan was solubilized overnight in 10% sodium dodecyl sulphate 

(SDS; Thermo Scientific, USA)/0.01M hydrochloric acid (Merck, Germany). The 

absorbance was measured at a wavelength of 575nm with a reference wavelength of 

650nm using a Tecan Infinite M200 Pro Multiplate Reader (Tecan, Switzerland) with 

Magellan Data Analysis Software (Tecan, Switzerland). Viability curves were plotted to 

determine the IC50 which was the concentration of the drug at which 50% of cells were 

killed by Cisplatin.     

3.9.8 Annexin V-FITC/ Propidium Iodide (PI) apoptotic assay 

Cells treated with Cisplatin (Tocris, UK) with or without Collagen (Merck Millipore, 

Germany) pre-treatment were collected using Accutase Cell Detachment Reagent (BD 

Biosciences, CA, US) together with the dead cells in the medium. Cells were pelleted by 
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centrifugation at 200 x g for 10 minutes and resuspended in 1 X Binding Buffer (BD 

Pharmingen™, CA, US) at a final concentration of 1 X 106 of cells after washing with 

cold 1 X PBS and filtered with cell strainer (BD Biosciecnes, CA, US). 1 X 105 cells in 

100µL of the suspension was transferred to a 5mL round bottom polypropylene tube (BD 

Biosciences, CA, US). The cells were incubated in 5µL each of Annexin V-FITC and 

Propidium Iodide (PI) supplied in the FITC Annexin V Apoptosis Detection Kit I (BD 

Pharmingen™, CA, US) for 15 minutes in the dark at room temperature. The cells were 

immediately analysed using BD FACS Canto II Flowcytometer (BD Biosciences, CA, 

US) and BD FACSDIVA software (BD Biosciences, CA, US) after diluted with 400µL 

of 1 X Binding Buffer. Cells treated with 1mM of Cisplatin were used as positive controls 

and untreated cells were used to define the cell debris.    

3.10 Statistical analysis 

All the statistical analyses were carried out using GraphPad PRISM 5.0 software 

(Graphpad, USA) and SPSS Version 22. The associations and correlations of protein 

expression in tissues with socio-demographic and clinico-pathological background data 

in OPSCC and OSCC were studied using Pearson Chi Square, Spearman Correlation, 

One-way ANOVA, Bonferroni Post Hoc, Univariate Logistic Regression and Multiple 

Logistic Regression tests. Differences between the groups were evaluated by ANOVA, 

followed by the Dunnett’s test for post hoc analysis. A p-value less than 0.05 was 

considered as statistically significant.  Univ
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 CHAPTER 4: IDENTIFICATION AND VALIDATION OF SECRETED 

PROTEINS UP-REGULATED BY CAFS AND EXPRESSION OF COLLAGENS 

AND DDR1 IN OPSCC AND OSCC 

4.1 Introduction 

It has been reported previously that CAFs from head and neck cancer are often 

prematurely senescent and secrete more proteins than normal oral fibroblasts (NHOFs) 

(Y Hassona et al., 2014; Lim et al., 2011b). Conditioned media (CM) from these CAFs 

has been shown to enhance the invasive capacity of malignant epithelial cells (Lim et al., 

2011b), but there are limited published data describing the precise mechanisms 

underlying the communication between CAFs and tumour cells in HNSCC.  

To identify the proteins secreted by CAFs that might contribute to crosstalk with 

HNSCC cells, a previously published microarray gene expression data set Lim et al. 

(2011b) was reanalysed and it was shown that senescent CAFs expressed higher levels of 

COL8a1 and COL11a1 than non-senescent CAFs and NHOFs. These observations led to 

the hypothesis that collagens secreted, at least in part, by CAFs might affect tumour cell 

behaviour. 

Extracellular collagens are known to bind to various collagen receptors. In particular, 

collagens act as ligands to bind and interact with a unique family of receptor tyrosine 

kinases named Discoidin Domain Receptors (DDRs) (H. L. Fu et al., 2013). 

Overexpression of one of its isoforms, DDR1, has been reported recently in several cancer 

types, such as lymphocytic leukemia (Barisione et al., 2017), colorectal cancer (Y. Hu et 

al., 2014), and lung cancer (Valencia et al., 2012). However, its expression has not been 

reported in head and neck cancer. Therefore, the present study examined the expression 

of collagens and DDR1 in human OPSCC and OSCC cell lines and tissues. 
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4.2 Verification of the senescence state of CAFs and NHOFs  

A series of normal fibroblasts (NHOF4, NHOF6 and NHOF7), non-senescent CAFs 

(BICR59F, BICR69F and BICR70F) and senescent CAFs (BICR3F, BICR31F and 

BICR78F) were used in this study. To confirm that these fibroblast strains exhibited 

similar phenotypes to those reported previously (Lim et al., 2011b), the degree of 

senescence was first measured by assaying for senescence-associated β-galactosidase 

(SA-β-gal) activity. In agreement with Lim et al (2011), the results showed that the level 

of senescence in CAFs derived from head and neck tumours was variable and that the 

senescence level in NHOFs was low (Table 4.1), indicating that the senescent phenotypes 

were stable over time. Representative images of the SA-β-gal staining are shown in Figure 

4.1A demonstrating a higher degree of senescence in CAFs.   

In order to confirm that the senescence state of CAFs is associated with a protein 

secretory phenotype, the amount of protein secreted by representative fibroblast strains 

(NHOF7, BICR59F and BICR78F) was measured. The protein concentrations in the CM 

were measured using Bradford assays over the incubation periods of 4 and 9 days. The 

results showed that the highly senescent CAF (BICR78F) secreted comparably higher 

concentration of proteins than non-senescent CAFs (BICR59F) and normal fibroblasts 

(Figure 4.1 B).
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Table 4.1: Level of senescence in NHOFs and CAFs derived from head and neck 
measured by SA-β-gal activity. The senescence level was variable in CAFs but 

generally higher compared to NHOFs. 

Fibroblast types Fibroblast strains Senescence percentage (%) 

Normal 

NHOF-4 7.14 

NHOF-6 1.69 

NHOF-7 5.21 

CAFs 

BICR59F 9.38 

BICR66F 19.08 

BICR69F 16.53 

BICR73F 26.18 

BICR3F 63.14 

BICR31F 66.41 

BICR63F 48.79 

BICR78F 49.6 
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Figure 4.1: Highly senescent CAFs (BICR78F) secrete more proteins than 

moderately senescent CAFs (BICR59F) and normal fibroblasts (NHOF7).  

A. Bright-field images of SA-β-gal staining (blue) in representative fibroblast strains 

(magnification 20X) demonstrated higher senescence state in CAFs. B. The protein 

content of conditioned media was quantified by Bradford assay. Senescent CAFs 

contained more secreted proteins than CAFs from GS-OSCC and NHOF. Line, mean of 

triplicates; error bars, SD of triplicates. 
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4.3 Validation of CAFs transcriptomic expression profiles 

In a genome-wide transcriptomic study conducted by Lim et al. (2011b) which 

comprised fibroblast strains of 6 NHOFs, 8 non-senescent CAFs and 10 senescent CAFs 

derived from primary tissue samples, it was demonstrated that gene expression profiles 

could distinguish senescent CAFs, non-senescent CAFs and normal oral fibroblasts. In 

order to identify the secreted proteins which could potentially play a role in head and neck 

cancer pathogenesis, the microarray data from this study was reanalysed to identify 

secreted proteins up-regulated in senescent CAFs.  

121 genes were up-regulated in senescent but not in non-senescent CAFs. To identify 

the possible genes responsible for mediating tumour-stroma crosstalk, these 121 genes 

were manually ranked in terms of cytoplasmic localisation and extracellular secretion 

characteristics. 74 genes amongst the 121 up-regulated genes were identified as coding 

for soluble secreted proteins (Appendix A). Out of these 74 shortlisted genes, four 

candidate genes relevant to cell survival, apoptosis, migration and invasion, namely 

insulin like growth factor binding protein 3 (IGFBP3), growth arrest specific 6 (GAS6), 

collagen type VIII alpha 1 chain (COL8a1) and collagen type XI alpha 1 chain 

(COL11a1), were selected for validation of their expression in independent NHOF and 

CAF lines (Figure 4.2). Notably, genes encoding two specific subtypes of collagen, 

COL8a1 and COL11a1, were up-regulated in highly senescent CAFs relative to non-

senescent CAFs and NHOFs. These results validated the genome-wide transcription 

profiles and COL8a1 and COL11a1 were selected further investigation in the present 

study.
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Figure 4.2: Expression of genes encoding soluble secreted proteins IGFBP3, GAS6, 

COL8a1 and COL11a1 in NHOFs and CAFs.  

The fibroblasts cell lines were processed to obtain cDNA and QPCR was performed 

subsequently. The results show mRNA expression of the indicated genes relative to 

NHOF6. All the genes were up-regulated in senescent CAFs compared to normal 

fibroblasts and the other counterparts. Results represent data obtained from triplicate 

samples. Bars, mean of triplicates. 
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4.4 Expression of collagens and DDR1 in fibroblasts and HNSCC cell lines 

Q-PCR using a Taqman probe which amplified a common “core” sequence within all 

DDR1 isoforms revealed that DDR1 mRNA was expressed at very low levels in both 

NHOFs and CAFs (Figure 4.3). By contrast, a high level of expression was observed in a 

panel of OPSCC (Figure 4.4 A) and OSCC (Figure 4.5 A) cell lines at the mRNA level. 

The mRNA levels of COL8a1 and COL11a1 were also determined by Q-PCR in OSCC 

(H376) and OPSCC (SCC040, SCC154, VU040T and VU147T) human cell lines. There 

was heterogeneity in the expression of both the COL8a1 and COL11a1 across the 

epithelial tumour cell lines. In particular, COL11a1 was expressed at very low levels in 

all the epithelial tumour cell lines and low expression of COL8a1 was detected only in 3 

out of 5 cell lines (Figure 4.6).  

In order to detect DDR1 protein, three antibodies from different manufacturers were 

validated for their specificity and sensitivity, namely Santa Cruz Biotechnology (SC532, 

rabbit polyclonal IgG), LifeSpan Biosciences (LSB3861, mouse monoclonal IgG) and 

Cell Signaling Technology (CST; D1G6 XP®, rabbit monoclonal IgG). Firstly, the 

specificity of the DDR1 antibodies was compared by Western blotting. The human cell 

line, DG75, which does not express DDR1 was used as the negative control and L428 

cells which over-expresses DDR1 was used as the positive control (Fathima Zumla Cader 

et al., 2013). DDR1 protein was detected at its expected molecular size of 125kDa by the 

antibodies from LSBio and CST, but couldn’t be detected by the antibody from SCBT 

(Figure 4.7). Therefore, further evaluation was carried out to compare the sensitivity of 

the first two antibodies by immunocytochemistry (ICC).  

Next, the LSBio and CST antibodies were further validated in DG75 cells transfected 

with a DDR1 expression plasmid or the empty vector as the negative control. No staining 

was observed with the LSBio antibody in either the cells transfected with DDR1 (Figure 
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4.8A) or the empty vector (Figure 4.8B). By contrast strong staining was observed in the 

cells transfected with DDR1 (Figure 4.8C) when incubated with the CST antibody, whilst 

no staining was seen in the vector controls (Figure 4.8D). Therefore, the CST antibody 

was used in all further experiments in this study. 

DDR1 protein was detected in the panel OPSCC (Figure 4.4 B) and OSCC (Figure 4.5 

B) cell lines by Western blotting. The DDR1 Western blot results were in concordance 

with the DDR1 mRNA levels, confirming its expression in tumour cells. 
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Figure 4.3: DDR1 mRNA expression in fibroblast cell lines.  

Q-PCR analysis showed that all normal fibroblasts, senescent CAFs and non-senescent 

CAFs expressed very low level of DDR1 mRNA. Results are the DDR1 mRNA 

expression in fibroblast cell lines normalised to GAPDH as determined by Q-PCR. The 

result represent data obtained from triplicate samples. Bars, mean of triplicates; error bars, 

SD of triplicates. 
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Figure 4.4: DDR1 mRNA and protein expression in OPSCC cell lines.  

A. Graph shows the mRNA expression of DDR1 (normalised to GAPDH) in two HPV 

negative (SCC040 and VU040T) and HPV positive (SCC154 and VU147T) OPSCC cell 

lines as determined by Q-PCR analysis. DDR1 was expressed in all the OPSCC cell lines 

to different extent. Bars, mean of triplicates; error bars, SD of triplicates. B. Western blot 

analysis of the OPSCC cell lines with beta-tubulin as the loading control. Result showed 

a distinct band corresponding to the predicted molecular weight of DDR1 (125kDa) in 

parallel with the mRNA expression pattern.
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Figure 4.5: DDR1 mRNA and protein expression in OSCC cell lines.  

A. Graph shows the mRNA expression of DDR1 as determined by Q-PCR. DG75 cell 

line was the negative control for DDR1 expression. Data are the fold change of DDR1 

expression in OSCC cell lines relative to DG75. DDR1 was markedly expressed in all the 

OSCC cell lines to different extent. Bars, mean of triplicates; error bars, SD of triplicates. 

B. Western blot analysis of the OSCC cell lines. The T47D breast cancer cells served as 

the positive control (Ono et al., 2017), DG75 served as the negative control and beta-

tubulin as the loading control. A distinct band corresponding to the predicted molecular 

weight of DDR1 (125kDa) was detected.   
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Figure 4.6: Expression of the COL8a1 and COL11a1 in OPSCC cell lines. 

Graph shows the mRNA expression determined by Q-PCR of the indicated genes 

(normalised to GAPDH) in immortal keratinocyte cell line from adult human skin 

(HaCaT), Hodgkin cell line as the positive control (L428), OSCC cell lines (H376) and 

OPSCC cell lines which are HPV-positive (SCC154 and VU147T) and HPV-negative 

(SCC040 and VU040T). Bars, mean of triplicates; error bars, SD of triplicates. 
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Figure 4.7: Validation of the specificity of antibodies against DDR1 protein in Western blot analyses.  

L428 cells which was reported to over-express DDR1 showed a distinct band corresponding to the expected molecular weight of DDR1 (125kDa) in 

both (B) LifeSpan BioSciences and (C) Cell Signaling Technology, except (A) Santa Cruz Biotechnology. The protein was absent in all negative control, 

DG75 cells. MCM-7 protein was used as the loading control of the same amount of lysates.  

A B C 
DG75 L428 

Protein 
ladder 

DDR1 
(125kDa) 

MCM-7 
(80kDa) 

Protein 
ladder DG75 L428 

DDR1 
(125kDa) 

MCM-7 
(80kDa) 

DDR1 
(125kDa) 

MCM-7 
(80kDa) 

Protein 
ladder DG75 L428 

Univ
ers

ity
 of

 M
ala

ya



   

 

96 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8: Validation of the sensitivity of antibodies from LifeSpan BioSciences and Cell Signaling Technology against DDR1 protein in 

immunocytochemistry analyses.  

DG75 cell line showed negative staining in both (A) DDR1-transfected and (B) empty vector by LSBio. Positive staining was detected in (C) DDR1-

transfected but not (D) empty vector by CST. Result confirmed the sensitivity of CST antibody. 

A 

C 

B 

D 

Univ
ers

ity
 of

 M
ala

ya



 
  

97 

 

4.5 Expression of DDR1 mRNA and expression in OPSCC and OSCC tissues 

The results of Section 4.4 demonstrated that DDR1 was expressed in OPSCC and 

OSCC cell lines. However, before studying the expression and function of this collagen 

receptor in more detail, it was important to confirm its expression in tumour tissues. This 

part of the study examined the expression of DDR1 mRNA in the The Cancer Genome 

Atlas (TCGA) head and neck cancer data set and a pilot immunohistochemistry (IHC) 

study was carried out using OPSCC and OSCC tissues.  

4.5.1 DDR1 expression in TCGA HNSCC database 

The TCGA HNSCC expression data for DDR1 stratified by HPV status in tumours 

and normal tissues is shown in Figure 4.9. DDR1 was significantly over-expressed in 

tumours relative to normal samples, and this is the case for both HPV-negative 

(p=0.0001) and HPV-positive tumours (p=0.0008). There were a lot fewer normal 

samples (37 relating to HPV-negative patients and only 6 to HPV-positive patients), so 

the matched analysis (i.e. only using tumour samples for which there is a matched normal 

sample) for HPV-positive cases was not statistically significant (p=0.1151) but it was 

statistically significant for HPV-negative cases (p<0.0001). There was no statistically 

significant difference in DDR1 expression between HPV-negative and HPV-positive 

tumours (p=0.8529).  

The median DDR1 expression of each respective HPV group was used as the cut-off 

value for the Kaplan-Meier analyses (Figure 4.10A). The distribution of values was 

unimodal. The medians aren’t exactly the same as the modal values, so the plots have 

been reproduced based on splits at the modal values (Figure 4.10B). Cox proportional 

hazards analysis was also carried out for both HPV groups and in both cases this was 

clearly not significant. Also, comparing the cases in the top 1/3 by DDR1 expression with 
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those in the bottom 1/3 hints at a weak association for HPV-negative cases, but it was still 

not statistically significant (Figure 4.10C). Hence, it implies that there is no statistically 

significant association between DDR1 expression and overall survival in the HPV-

negative or HPV-positive tumours combined. However, for female HPV-negative cases, 

high DDR1 expression was strongly associated with impaired survival (Cox p-value = 

0.0055; Figure 4.11A), although this was not evident for female HPV-positive (only 10 

cases; data not show), males HPV-negative (Figure 4.11B) and male HPV-positive 

(Figure 4.11C).

Univ
ers

ity
 of

 M
ala

ya



   

 

99 

 

Figure 4.9: TCGA data on DDR1 expression in HPV-negative and HPV-positive HNSCC tumours versus normal tissues.  

DDR1 is significantly over-expressed in tumours relative to normal samples. There are a lot fewer normal samples (37 relating to HPV-negative patients 

and only 6 to HPV-positive patients), so the matched analysis (i.e. only using tumour samples for which there is a matched normal sample) for HPV-

positive cases is not statistically significant but it is statistically significant for HPV-negative cases There is no statistically significant difference in 

DDR1 expression between HPV-negative and HPV-positive tumours.
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Figure 4.10: TCGA data of Kaplan-Meier plots on DDR1 expression in HPV-

negative (left panel) and HPV-positive (right panel) HNSCC.  

No statistically significant association between DDR1 expression and overall survival in 

either HPV-negative or HPV-positive tumours when the cut-off values was based on A. 

median B. modal split and C. comparing the cases in the top 1/3 by DDR1 expression 

with those in the bottom 1/3.
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Figure 4.11: TCGA data of Kaplan-Meier plots on DDR1 expression in female HPV-negative (left panel), male HPV-negative (middle panel) 

and male HPV-positive (right panel) HNSCC.  

A. Impaired survival was significantly associated with high expression of DDR1 in female HPV-negative cases. No significant association between high 

and low expression of DDR1 in B. male HPV-negative and C. male HPV-positive cases. 
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4.5.2 DDR1 protein expression in HNSCCs 

Five cases of normal oral mucosa, 6 cases of OPSCC and 6 cases of OSCC were used 

in a pilot study to determine the expression of DDR1 protein in SCCs compared to normal 

epithelium. DDR1 protein was detected using chromogenic immunohistochemistry. 

DDR1 protein levels were evaluated by a consultant head and neck pathologist (Dr Max 

Robinson, University of Newcastle, UK) based on the proportion of tissues stained and 

the overall staining intensity (overall scoring grade ranging from 0 to 3).  

DDR1 was found predominantly in the squamous cell carcinoma where the staining 

was generally stronger than normal epithelium. In the normal epithelium, DDR1 staining 

was weak and appeared to be cytoplasmic and occasionally membranous. In contrast, 5 

out of the 6 OPSCC and 3 out of the 6 OSCC showed higher expression of DDR1 in the 

tumour than the adjacent morphologically normal epithelium. The positive staining was 

homogenous and showed moderate to strong cytoplasmic staining (Table 4.2). Figure 

4.12 illustrates the comparison of DDR1 staining in normal and squamous carcinoma 

tissue sections.   
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Table 4.2: Scoring of DDR1 in OPSCC and OSCC full tissue sections analysed 

by chromogenic immunohistochemistry. The DDR1 intensity was higher in the 

squamous cell carcinoma compared to the adjacent epithelium. The scoring denoted by 

ascending numeric 1 to 3 represented low, medium to high intensity. 

Path no. Site 
Epithelium 

intensity 

Tumour 

intensity 

10893/09 Lip mucosa 1 N/A 

11877/09 Buccal mucosa 1 N/A 

1293/10 Tongue dorsum 1 N/A 

32648/11 Palate 1 N/A 

7881/16 Pharyngeal tonsil 1 N/A 

36638/15 Oropharyngeal SCC 1 3 

36765/15 Oropharyngeal SCC 1 2 

37916/15 Oropharyngeal SCC 2 3 

38819/15 Oropharyngeal SCC 1 2 

38887/15 Oropharyngeal SCC 2 2 

40400/15 Oropharyngeal SCC 1 3 

9013/01 Oral cavity SCC 1 1 

21811/02 Oral cavity SCC 1 1 

13551/04 Oral cavity SCC 1 2 

19075/04 Oral cavity SCC 1 2 

34670/04 Oral cavity SCC 2 2 

23710/05 Oral cavity SCC 1 2 

Abbreviation: N/A, not available. 
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Figure 4.12: Photomicrographs of DDR1 protein expression in squamous cell 

carcinoma.  

Chromogenic immunohistochemistry revealed normal epithelium showed weak 

cytoplasmic staining (A & B). The OPSCC (C & D) showed increased DDR1 expression 

by comparison to normal epithelium. Images showed 100X magnification.

B 
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4.6 HPV status of Malaysian OPSCCs and association with clinico-pathological 

parameters  

The results of Section 4.5 indicate that DDR1 might be over-expressed in OPSSCs. 

The incidence of OPSCC has been increasing in recent years and this has been attributed 

to HPV infection (Garnaes et al., 2015; Kristen B Pytynia et al., 2014; Stein et al., 2015). 

Most of the data relating to the increase in HPV-positive OPSCCs has come from Western 

countries. There are only limited data on the prevalence of HPV-related OPSCC in South 

East Asia and no data are available from Malaysia. To determine whether studies on the 

pathogenesis of OPSCC using cohorts of Western patients might also be relevant to 

Malaysia, the present study was initiated to examine the HPV status in Malaysian 

OPSCCs.  

OPSCCs from 60 patients were identified from four hospitals in two major cities in 

Malaysia. 15 cases showed p16 expression, but only 10 of the p16 positive tumours 

(16.7%) showed evidence of high risk HPV DNA by in situ hybridisation. Samples from 

all 4 hospitals were collected between 2009 and 2015 and for these years 13 of 37 (35.1%) 

cases where positive for p16 expression (Table 4.3; Figure 4.13). 

Complete demographic data were available for 54 of the patients; the gender and age 

for 6 of the patients were not available. The clinico-pathological profile of the patients is 

shown in Table 4.4. The overall mean age of patients (n = 54) was 65.44 years (± 12.16) 

at diagnosis and ranged from 36 to 93 years of age. There was no statistically significant 

difference in age between patients who had high risk-HPV negative and high risk-HPV 

positive OPSCC (p=0.543). However, the two youngest patients in this cohort at 36 and 

41 years of age had p16 positive disease.  
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The overall male to female ratio was 2.4:1 and the ratio was similar in HPV negative 

cases (2.75:1), however the ratio was much lower in HPV positive cases (1.25:1). Most 

patients in this cohort were of Chinese ethnicity (53.3%) followed by Indians (35.0%). 

All the Indian patients had HPV negative disease, whilst 80% of the HPV positive cases 

were Chinese; this finding was statistically significant (p = 0.046). Overall, most of the 

OPSCC were classified as being moderately differentiated (MD) SCC (40.0%) and this 

was similar in cases of HPV negative disease. However, in HPV positive cases, 70% were 

classified as being poorly differentiated (PD) SCC; this finding was statistically 

significant (p = 0.011). 
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Table 4.3: Demographics of patients with OPSCCs demonstrating p16 
expression 

Case Year of 
diagnosis 

p16 -
IHC 

HR-
HPV 
ISH 

Ethnicity Age Sex Hospital 

1 2015 + + Chinese 54 M UMMC 
2 2014 + + Chinese 72 F Penang 
3 2014 + - Chinese 72 M Penang 
4 2013 + + Chinese NK NK HKL 
5 2013 + + Malay 74 M Penang 
6 2013 + + Malay 36 M SDMC 
7 2013 + + Chinese 53 M SDMC 
8 2013 + - Chinese 70 M SDMC 
9 2012 + - Chinese 56 M UMMC 
10 2012 + + Chinese 56 M UMMC 
11 2012 + + Chinese 67 F SDMC 
12 2010 + + Chinese 64 F UMMC 
13 2009 + - Chinese 41 F HKL 
14 2006 + + Chinese 88 F UMMC 
15 2005 + - Malay NK NK HKL 

Abbreviations:  UMMC, University Malaya Medical Center;   HKL, Hospital Kuala 

Lumpur; SDMC, Sime-Darby Medical Center
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Figure 4.13: Representative photomicrographs showing positive p16 staining and 

HPV ISH in Malaysian OPSCCs.  

HPV-related oropharyngeal squamous cell carcinoma (A&B; H&E stain) showing high 

levels of p16 expression by immunohistochemistry (C) and evidence of high risk HPV 

DNA by in situ hybridisation (D). Images showed magnification at 100X (A & C) and 

200X (B & D). Images provided by Dr Max Robinson, University of Newcastle, United 

Kingdom. 
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Table 4.4: Clinico-pathological characteristics of patients 

Clinico-
pathological 
Characteristics 

All Patients 
n=60 
(100%) 

HR-HPV (-ve) 
n=50 
(83.3%) 

HR-HPV(+ve) 
n=10 
(16.7%) 

p-
value 

Age at diagnosis 
(Years) 
[n = 54] 
Mean (±SD) 
 

 
 
65.44 
(±12.16) 
 

 
 
66.00  
(±11.63) 
 

 
 
62.67  
(±15.01) 

 
 
¥0.543 

Gender (n = 54) 
Male 
Female 

 
38 (70.4%) 
16 (29.6%) 

 
33 (73.3%) 
12 (26.7%) 

 
5 (55.6%) 
4 (44.4%) 

 
*0.505 

Ethnicity 
Malay 
Chinese 
Indian 

 
7 (11.7%) 
32 (53.3%) 
21 (35.0%) 

 
5 (10%) 
24 (48%) 
21 (42%) 

 
2 (20%) 
8 (80%) 
0 (0%) 

 
 
*0.046 

Histopathological 
differentiation/gra
ding 
WD 
MD 
PD 
Others 

 
 
16 (26.7%) 
24 (40.0%) 
17 (28.3%) 
3 (5.0%) 

 
 
14 (28.0%) 
23 (46.0%) 
10 (20.0%) 
3 (6.0%) 

 
 
2 (20.0%) 
1 (10.0%) 
7 (70.0%) 
0 (0%) 

 
 
 
*0.011 

 

¥Independent sample’s t-test 
* Pearson’s Chi-Square test 
 
WD = well differentiated; MD = moderately differentiated; PD = poorly differentiated 
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4.7 Summary  

In this chapter, the senescent and non-senescent phenotypes of normal fibroblasts and 

CAFs were first demonstrated in vitro and found to correspond to an increase secretory 

capacity of senescent CAFs. Next, the re-analyses of a published microarray dataset (Lim 

et al., 2011b) revealed up-regulation of genes in senescent CAFs compared to their non-

senescent counterparts. COL8a1 and COL11a1 were shown to be more highly expressed 

in senescent CAFs compared to NHOFs and non-senescent CAFs. By contrast, the 

expression of the collagen receptor, DDR1, was very low in all fibroblasts but was highly 

expressed in the malignant tumour cells. Analyses from the latest available TCGA’s head 

and neck dataset showed that DDR1 is over-expressed in tumours relative to normal 

samples. There were no differences in expression between HPV-negative and HPV-

positive HNSCC or and DDR1 expression was not associated with overall survival in 

these groups. However, high DDR1 expression was significantly associated with 

impaired survival in female HPV-negative cases. The DDR1 expression data were further 

confirmed in a pilot study using immunohistochemistry, which showed moderate to 

strong cytoplasmic staining of DDR1 protein in OPSCC and OSCC tissues compared to 

weak staining in normal epithelium.  

The results from the present study also suggest that the occurrence of HPV-related 

OPSCC in Malaysia may not be as high as those reported in developed nations such as 

the USA and the UK, but the proportion of OPSCCs that are HPV-positive appears to be 

increasing, particularly in patients of Chinese ethnicity. Further studies will be required 

to determine how these observations might impact upon Malaysian communities and the 

national healthcare system in the future. 

Taken together, these data confirm that COL8a1 and COL11a1 were highly expressed 

in CAFs but not normal fibroblasts. Interestingly, their corresponding tyrosine kinase 
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receptor DDR1 was highly expressed in OPSCC and OSCC cells, indicating that aberrant 

DDR1 signalling might affect tumour behaviour. These novel findings suggest that DDR1 

signalling contributes to the malignant phenotype in HPV-negative and HPV-positive 

HNSCC and that some of the collagen required to activate DDR1 could result from 

paracrine cross-talk between CAFs and malignant epithelial cells. Further investigations 

to examine the expression of DDR1, COL8a1 and COL11a1 in HPV-negative and HPV-

positive OPSCC and OSCC are therefore warranted.
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 CHAPTER 5: THE EXPRESSION OF COLLAGENS AND DDR1 IN 

OPSCC  

5.1 Introduction 

The results of Chapter 4 demonstrated that two subtypes of collagen, COL8a1 and 

COL11a1, were expressed by CAFs from head and neck tumours. Further, the expression 

of the tyrosine kinase receptor, DDR1, was shown to be low in CAFs but readily 

detectable in HNSCC cell lines and tissues; a small pilot study suggested that DDR1 

protein was over-expressed in OPSCCs compared to normal oral mucosa. COL8a1 and 

COL11a1 are soluble proteins secreted into the extracellular matrix. COL8a1 has been 

shown to serve as prognostic marker to predict the survival of gastric cancer (Zhiqiang 

Wang et al., 2017) and its expression correlates with poor survival of renal cancer (Joanna 

Boguslawska et al., 2016; J Boguslawska et al., 2014). COL11a1 expression was also 

previously reported as a marker of CAFs and correlates with invasive cancer progression 

and metastasis in high-grade glioblastomas (Vázquez-Villa et al., 2015) and breast cancer 

(Freire et al., 2014). Evidence is accumulating to show that DDR1 plays an important 

role in cancer progression. Inhibition of DDR1 was reported to reduce gastric cancer cell 

migration and metastasis (Yuge et al., 2017), as well as breast cancer proliferation and 

invasion (Palladino et al., 2016).  Taken together, these data suggest that DDR1 signalling 

induced by COL8a1 and COL11a1might play a role in the pathogenesis of OPSCC, but 

the expression and functional significance of these molecules has yet to be examined in 

this disease. 

The aim of the present study was to examine the expression of the COL8a1, COL11a1 

and DDR1 in OPSCC tissues and to correlate their expression with socio-demographic 

and clinico-pathological parameters.    
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5.2 Expression of COL11a1 and DDR1 in OPSCC tissue microarray (TMA) 

The starting point of the present study was to examine the expression of COL11a1 and 

DDR1 in an OPSCC tissue microarray by Opal multiplex fluorescence 

immunohistochemistry and analysis using a Vectra Automated Pathology System and 

inFORM® image analysis software.  

5.2.1 Tissue microarray construction and HPV screening  

The TMA (Astellas PredicTr Array 4) consisted of a total of 44 cores extracted from 

35 formalin-fixed paraffin embedded tissues taken from 28 OPSCC patients. In some 

cases duplicate cores from different parts of the same tumour block were included to 

avoid sampling bias. The TMA array was screened by using p16 immunohistochemistry 

(CINtec histology) and high risk HPV in situ hybridisation (ISH) automated assay 

(DeEscalate SOP) in order to obtain the p16 and high risk-HPV DNA profile of the 

tumours (Appendix B).  

The p16 IHC and HPV DNA ISH screening results were evaluated by Dr Max 

Robinson (Honorary Consultant Pathologist, Newcastle upon Tyne Hospitals NHS 

Foundation Trust and senior lecturer in Oral Pathology, Newcastle University). In cases 

where there were duplicate cores from the same tumour, data were averaged for 

subsequent analyses. The 2 non-tumour cores (6.7%) were negative for p16 and high risk 

HPV DNA. 13 tumours (43.3%) were negative for both p16 and high risk HPV DNA, 5 

tumours (16.7%) were positive for p16 but negative for high risk HPV DNA and 10 cases 

(33.3%) were positive for both p16 and high risk HPV DNA (Figure 5.1).  
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Figure 5.1: Pie chart summarizing the HPV status of the Astellas PredicTr Array 4. 

Non-tumour (n=2, 6.7%); HPV-negative tumour (n=13, 43.3%); p16-positive but HR-

HPV DNA-negative tumour (n=5, 16.7%); and HPV-positive tumour (n=10, 33.3%). 

Abbreviations: -, negative; +, positive.

Tumour 
(p16-/ HPV 

DNA-)
43.3%

Tumour (p16+/ HPV DNA-)
16.7%

Tumour 
(p16+/ HPV 

DNA+)
33.3%

Non-tumour
6.7%
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5.2.2 Expression of COL11a1 and DDR1 on the Astellas PredicTr Array  

The expression of COL11a1 and DDR1 in the tissues on the Astellas PredicTr Array 

4 was examined by Opal multiplex fluorescent staining (PerkinElmer, MA), which 

facilitated the simultaneous staining and analysis of both proteins either alone or  co-

expressed within a single cell. COL11a1 was labelled using an anti-COL11a1 antibody 

and Tyramide Signal Amplification (TSA) Plus Cyanine 3 (Red), whilst DDR1 was 

labelled with an anti-DDR1 antibody and TSA Plus Fluorescein (Green). The slides were 

scanned and analysed using a Vectra Automated Pathology System. Unstained and 

control slides single stained with each of fluorescein, Cyanine 3 and DAPI were used to 

build for non-mixed signals in order to determine the signal threshold for each fluorescent 

signal. Multispectral visualisation and imaging (8-bit image cubes) of the entire stained 

TMA were successfully acquired with 40X objective lens using a full CCD frame at 1 x 

1 binning (1360 x 1024 pixels) for analysis. The multispectral images were then aligned 

with the TMA core co-ordinates to identify the donor tissue blocks (Figure 5.2).  

COL11a1 and DDR1 expression were readily detected in the tissues and a 

heterogeneous staining pattern was observed for both proteins. The detection of co-

expression of COL11a1 and DDR1 within a single cell could be assessed and, therefore, 

COL11a1 and DDR1 staining was quantified digitally on an individual cell basis using 

inFORM® image analysis software. Univ
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Figure 5.2: Automated TMA scanning and acquisition of mosaic 40 cores normal tissue and OPSCC.  
Composite images on the Astellas PredicTr Array 4 stained using fluorescent TSA reagents to detect COL11a1 (TSA Plus Cyanine3, red), DDR1 (TSA 
Plus Fluorescein, green) and nuclear counterstain (DAPI, blue). Imaged with a Vectra Automated Quantitative Pathology Imaging System at 40X 
magnification. The position of each core was indicated by alphabets which denoted the column and numbers which denoted the row.  
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5.2.3 Digital quantitation of COL11a1 and DDR1 expression 

After the acquisition of the multiplexed immunofluorescence images, COL11a1 and 

DDR1 expression was measured using inForm® analysis software. By using the trainable 

pattern-recognition-based algorithm of inForm® Tissue Finder, the tumour areas and 

every cell within those areas were successfully identified. The segmentation map of every 

core on the TMA was reviewed by a trained pathologist, Dr Maha Ibrahim (Pathologist, 

University of Birmingham, United Kingdom).   

The green Fluorescein (excitation wavelength 494nm, emission wavelength 517nm, 

FITC filter) signal was mixed with red Cyanine3 (red; excitation wavelength 550nm, 

emission wavelength 570nm, TRITC filter) in the cellular compartments where co-

localisation occurred. Successful multispectral unmixing was performed, such that the 

COL11a1 signal could be distinguished from the DDR1 signal and the background signal 

was eliminated. A representative example is presented in Figure 5.3. In this study, linear 

unmixing of each fluorophore was performed on the multispectral data obtained and 

analysed on an individual cell basis in the areas of interests (Appendix C).

Univ
ers

ity
 of

 M
ala

ya



 
  

118 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3: Representative core subjected digitally scored using the Vectra 

Automated Quantitative Pathology System. 

(I) Spectrally unmixed composite image showing nuclei (DAPI, blue), COL11a1 

(TRITC, red) and DDR1 (FITC, green). (II) Tissue segmentation of epithelial (red) and 

stromal (green) compartments. (III) Cell segmentation of nuclear and membranous 

compartments. Cells positive for only DDR1 are displayed in green, cells double positive 

for COL11a1 and DDR1 are displayed in yellow, and cells negative for both markers are 

displayed in blue. (IV) The scoring map of per-cell protein expression generated by the 

digital workflow algorithm. Cells positive for only DDR1 are displayed in red, cells 

positive for COL11a1 are displayed in green, cells double positive for COL11a1 and 

DDR1 are displayed in yellow, and cells negative for both markers are displayed in blue.

I II 

III IV 
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5.2.4 Statistical analyses of DDR1 and COL11a1 differential expression 

The expression of DDR1 and COL11a1 were analysed for their correlation with HPV 

in the tumours stratified into p16-positive and p16-negative groups. This is because p16 

is a recognised surrogate marker of oncogenic HPV infection and there is now an 

international precedent for classifying HPV positive OPSCCs by p16 status alone 

(Holmes et al., 2015; Jouhi et al., 2017). Taking into consideration the importance of 

HPV DNA status in addition to p16 (Bussu et al., 2014; C. H. Chung et al., 2014; Qureishi 

et al., 2017), the samples were also sub-divided into three discordant groups based on 

high risk HPV DNA and p16 combined status [i.e. HPV-negative; intermediate (i.e. p16-

positive but HPV DNA-negative) and HPV-positive]. The data from the 28 tumours were 

analysed in subsequent statistical tests. The 2 non-tumours were removed from the 

comparison due to the limited number of cases.  

5.2.4.1 Differential expression in samples classified by p16 alone 

DDR1 protein was detected in the majority of OPSCC samples. Some of the tissues 

expressed only DDR1 and some expressed only COL11a1. In some cases, DDR1 and 

COL11a1 expression was detected within single cells. For single positive staining, there 

was no significant differential expression of DDR1 between p16-negative and p16-

positive tumours, but the percentage of cells expressing COL11a1 was significantly 

higher in the p16-negative group (p<0.05). There were no significant differences between 

the p16-negative and p16-positive groups in the percentage of cells co-expressing DDR1 

and COL11a1, or in the total number of cells expressing overall (singly and co-expressed) 

DDR1 or that of COL11a1 (Figure 5.4). 

  

Univ
ers

ity
 of

 M
ala

ya



 
  

120 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.4: Unpaired T-test analyses on differential expression of DDR1 and 

COL11a1 in p16-negative and p16-positive OPSCC TMA.  

Expression was scored as percentage of total cells within the tumour regions which shown 

positive staining. Per cell basis quantification of the expression was plotted against p16 

status of tumours. COL11a1 was significantly down-regulated in HPV-positive tumour 

cells not expressing DDR1 but no significant difference of COL11a1 in overall (i.e. single 

cum double expression). * denotes p<0.05.
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5.2.4.2 Differential expression in samples classified by combined status of p16 and 

HPV DNA 

The tumours from 28 patients were stratified into 3 discordant groups of HPV status 

[i.e. p16-negative/HPV DNA-negative (n=13, 46.4%); p16-negative/HPV DNA-positive 

(n=5, 17.9%); p16-positive/HPV DNA-positive (n=10, 35.7%)]. Similar to the results in 

Section 5.2.4.1, there was no significant difference in percentage of cells that showed 

DDR1 single expression between the three HPV discordant groups. Although higher 

expression of COL11a1 single expression was observed in the p16-negative/HPV DNA-

negative tumours, it was not statistically significant. In addition, there was no significant 

difference between the three discordant groups in the percentage of cells expressing 

concomitant double positive staining of DDR1 and COL11a1, COL11a1 overall 

expression (singly and co-expressed with DDR1), DDR1 overall expression (singly and 

co-expressed with COL11a1) and double negative staining. 
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Figure 5.5: Unpaired T-test analyses on differential expression of DDR1 and 

COL11a1 in OPSCC TMA of three discordant groups of HPV status.  

Expression was scored as percentage of total cells within the tumour regions which shown 

positive staining. Per cell basis quantification of the expression was plotted against three 

groups stratified by HPV status. None of the differential was biostatical significant. 

Abbreviation, Neg, negative; Interm, intermediate group which was p16-positive but high 

risk HPV DNA-negative; Pos, positive.

DDR1 single expression

Neg Interm Pos
-20

0

20

40

60

80

100

HPV groups

Pe
r-

ce
ll

 b
as

is
 q

ua
nt

ifi
ca

ti
on

COL11a1 single expression

Neg Interm Pos
-20

0

20

40

60

80

HPV groups

Pe
r-

ce
ll

 b
as

is
 q

ua
nt

ifi
ca

ti
on

DDR1 & COL11a1 co-expression

Neg Interm Pos
0

20

40

60

80

100

HPV groups

Pe
r-

ce
ll

 b
as

is
 q

ua
nt

ifi
ca

ti
on

No expression

Neg Interm Pos
-50

0

50

100

HPV groups

Pe
r-

ce
ll

 b
as

is
 q

ua
nt

ifi
ca

ti
on

DDR1 overall expression

Neg Interm Pos
0

50

100

150

HPV groups

Pe
r-

ce
ll

 b
as

is
 q

ua
nt

ifi
ca

ti
on

COL11a1 overall expression

Neg Interm Pos
0

50

100

150

HPV groups

Pe
r-

ce
ll

 b
as

is
 q

ua
nt

ifi
ca

ti
on

Univ
ers

ity
 of

 M
ala

ya



 
  

123 

5.2.5 Association and correlations of DDR1 and COL11a1 expression with HPV 

status  

Potential correlations between DDR1 and COL11a1 expression and HPV status were 

next analysed. Expression was analysed in terms of cells that showed single expression 

and in terms of cells that showed single cell co-expression of both proteins. The 

associations and correlations between DDR1 and COL11a1 with the HPV status of 

tumours on the TMA are summarised in Table 5.1. Non-tumour controls were excluded 

in these analyses and only tumours were studied. 

For DDR1 single expression, the area under curve of ROC was below 0.6, skewness 

divided by standard deviation (skewness/SD=1.64) and kurtosis divided by standard 

deviation (kurtosis/SD=-0.95) were lower than 1.96, so it was assumed to be normally 

distributed. The cut-off value determined by mean (µ= 24.57). Crosstabs of the dataset 

(N= 28) showed that 16 samples (57.1% of total cohort) displayed low expression whilst 

12 samples (42.9% of total cohort) displayed high expression of DDR1. Of the high 

expressing samples, equivalent percentage (21.4% of total cohort) of the OPSCC was 

p16-negative and p16-positive. It is not statistically significant in Pearson Chi Square, 

Spearman correlation, Univariate ANOVA, Univariate Logistic Regression and after 

Multiple Logistic Regression analyses was applied to adjust the p16 and HPV DNA as 

confounders. When grouping the HPV status by HPV DNA, 66.7% within high 

expression group (28.6% of total cohort) was HPV DNA-negative and 33.3% within high 

expression group (14.3% of total cohort) was HPV DNA-positive. No statistical 

significance was found. When grouping the HPV status by three discordant groups using 

the combined status of p16 and HPV DNA, 50% within the high expression group (21.4% 

of total cohort) was p16-negative/HPV DNA-negative, 16.7% within the high expression 

group (7.1% of total cohort) was p16-positive/HPV DNA-negative and 33.3% within the 
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high expression group (14.3% of total cohort) was p16-positive/HPV DNA-positive. 

However, no significant differences were found. 

For COL11a1 single expression, the area under curve of ROC was below 0.6, skewness 

divided by standard deviation (skewness/SD=2.97) and kurtosis divided by standard 

deviation (kurtosis/SD=0.39) were lower than 1.96, so it was assumed to be skewed 

distributed. The quantitated percentage of cells showing positive staining of COL11a1 

was transformed into low and high classifications by median (cut-off value=6.78). 

Crosstabs of the dataset (N= 28) showed that equivalent percentage of samples (50% of 

total cohort) displayed low expression and high expression of COL11a1 respectively. 

Within the COL11a1 high expressing group, 57.1% within high expression was p16-

negative (28.6% of total cohort) and 42.9% within high expression group was p16-

positive (21.4% of total cohort). The association and correlation were not statistically 

significant in Pearson Chi Square, Spearman Correlation, Univariate ANOVA and 

Univariate Logistic Regression and after Multiple Logistic Regression analyses was 

applied to adjust the p16 and HPV DNA as confounders. Majority (71.4% within high 

expression) of the COL11a1 high expression samples were within the HPV DNA-

negative group (35.7% of total cohort) whilst 28.6% within high expression group (14.3% 

of total cohort) was HPV DNA-positive but the difference did not reach statistical 

significance. Also, when COL11a1 was analysed according to three discordant groups of 

HPV status combined of p16 and HPV DNA, 57.1% within the high expression group 

(28.6% of total cohort) was p16-negative/HPV DNA-negative, 14.3% within the high 

expression group (7.1% of total cohort) was p16-positive/HPV DNA-negative and 28.6% 

within the high expression group (14.3% of total cohort) was p16-positive/HPV DNA-

positive. This association was not statistically significant. 
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Lastly, the dataset was analysed on the concomitant co-expression of DDR1 together 

with COL11a1 in single cells. The area under curve of ROC was above 0.6 (AUC= 0.621). 

The quantitated percentage of cells showing concomitant double-positive staining was 

transformed into low and high co-expression classifications by the cut-off value 

determined by its maximum sensitivity and specificity (cut-off= 71.53) of 46.7% 

sensitivity and 100% specificity (Appendix D). Crosstabs of the dataset (N=28) showed 

that 21 cases (75% of total cohort) were classified in the low co-expression group whilst 

7 cases (25% of total cohort) fell in the high co-expression group. Of the high expressing 

samples, 100% was p16-positive (25% of total cohort). Majority of the tumours (46.4% 

of total cohort) was p16-negative showing low co-expression (61.9% within low 

expression group). It was statistically significant in Pearson Chi Square (p= 0.004), 

Spearman Correlation (p=0.003), Univariate ANOVA (p=0.003) but not significant in 

Univariate Logistic Regression and after Multiple Logistic Regression analyses was 

applied to adjust the p16 and HPV DNA as confounders. Majority (71.4% within low co-

expression) of the low co-expression samples were within the HPV DNA-negative group 

(53.6% of total cohort) whilst 28.6% within low co-expression group (21.4% of total 

cohort) was HPV DNA-positive but the difference did not reach statistical significance. 

Also, when the co-expression was analysed according to three discordant groups of HPV 

status combined of p16 and HPV DNA, none of high co-expression tumours was p16-

negative/HPV DNA-negative, 42.9% within the high expression group (10.7% of total 

cohort) was p16-positive/HPV DNA-negative and 57.1% within the high expression 

group (14.3% of total cohort) was p16-positive/HPV DNA-positive. This association was 

statistically significant in Pearson Chi Square (p= 0.012), Spearman Correlation 

(p=0.017), Univariate ANOVA (p=0.009) but not significant in Univariate Logistic 

Regression and after Multiple Logistic Regression analyses was applied to adjust the p16 

and HPV DNA as confounders.
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Table 5.1: Association and correlation between DDR1 and COL11a1 protein expression with p16, HPV DNA and combined status of 
OPSCC patients. 

Proteins Parameters Characteristics 

Expression 

(% of total 

cohort) 

Pearson 

Chi 

Square 

Spearman 
Univariate 

ANOVA 
Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value 
Odd 

ratio 
95% CI 

p-

value 

Odd 

ratio 
95% CI 

p-

value 

Single 

expression 

of DDR1 

p16 
Neg 25.0 21.4 

0.743 0.754 0.754 
1.286 (0.29,5.77) 0.743 1.286 (0.16,10.45) 0.814 

Pos 32.1 21.4 1.000 - - 1.000 - - 

HPV DNA 
Neg 35.7 28.6 

0.820 0.828 0.828 
1.200 (0.25,5.77) 0.820 1.000 (0.11,8.95) 1.000 

Pos 21.4 14.3 1.000 - - 1.000 - - 

HPV group 

Neg 25.0 21.4 

0.948 0.769 0.953 

1.286 (0.24,6.83) 0.768 - - - 

Interm 10.7 7.1 1.000 (0.11,8.95) 1.000 - - - 

Pos 21.4 14.3 1.000 - - - - - 

Single 

expression 

of 

COL11a1 

p16 
Neg 17.9 28.6 

0.256 0.272 0.272 
2.400 (0.52,10.99) 0.259 2.400 (0.29,19.78) 0.416 

Pos 32.1 21.4 1.000 - - 1.000 - - 

HPV DNA 
Neg 28.6 35.7 

0.430 0.449 0.449 
1.875 (0.39,9.01) 0.433 1.000 (0.11,8.95) 1.000 

Pos 21.4 14.3 1.000 - - 1.000 - - 

HPV group 

Neg 17.9 28.6 

0.524 0.304 0.554 

2.400 (0.44,12.98) 0.309 - - - 

Interm 10.7 7.1 1.000 (0.11,8.95) 1.000 - - - 

Pos 21.4 14.3 1.000 - - - - - 
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Table 5.1, continued. 

Proteins Parameters Characteristics 

Expression (% 

of total 

cohort) 

Pearson 

Chi 

Square 

Spearman 
Univariate 

ANOVA 
Logistic Regression 

Multiple Logistic 

Regression 

Low High p-value p-value p-value 
Odd 

ratio 
95% CI 

p-

value 

Odd 

ratio 
95% CI 

p-

value 

Single cell 

co-

expression 

of DDR1 

and 

COL11a1 

p16 
Neg 46.4 0.0 

*0.004 *0.003 *0.003 
0.000 (0.00,-) 0.998 0.000 (0.00,-) 0.999 

Pos 28.6 25.0 1.000 - - 1.000 - - 

HPV DNA 
Neg 53.6 10.7 

0.172 0.185 0.185 
0.300 (0.05,1.76) 0.183 - - - 

Pos 21.4 14.3 1.000 - - - - - 

HPV group 

Neg 46.4 0.0 

*0.012 *0.017 *0.009 

0.000 (0.00,-) 0.999 - - - 

Interm 7.1 10.7 2.250 (0.25,20.13) 0.468 2.250 (0.25,20.13) 0.468 

Pos 21.4 14.3 1.000 - - 1.000 - - 

Multivariate Logistic Regression analyses was applied to adjust the confounders of p16 and HPV DNA for single expression of DDR1 or COL11a1 and 

applied to adjust the confounders of p16 and HPV group for single cell co-expression of both DDR1 and COL11a1. 

Abbreviation: Neg, negative; Interm, intermediate; Pos, positive 

*Indicated significant p-value (p<0.05). 
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5.3 Investigation of DDR1, COL8a1 and COL11a1 in tissue sections 

The results of Section 5.2 demonstrated that DDR1 and COL11a1 were expressed in 

OPSCCs and that COL11a1 expression associated with p16-negative status in this small 

cohort. Low single cell co-expression of DDR1 and COL11a1 was associated with p16-

negative tumours and the HPV discordant group that was p16-negative/ HPV DNA-

negative. However, one of the disadvantages of using TMAs is that protein expression 

within the tumour microenvironment cannot be assessed. Therefore, this study was 

extended to examine DDR1 and COL11a1 in a larger series of whole tissue sections, 

using Opal Multiplex Fluorescent Immunohistochemistry (PerkinElmer, MA). COL8a1 

was also examined, as it was also shown to be expressed by CAFs (Chapter 4).  

5.3.1 OPSCC full tissue serial sections with socio-demographic and clinico-

pathological parameters 

Serial sections from 55 independent cases of formalin-fixed paraffin embedded 

primary OPSCC tissue blocks (REC reference 10/H1210/9) were used for fluorescence 

multiplex immunohistochemistry. Due to the potential ‘field’ effects, morphologically 

‘normal’ epithelial adjacent to the tumours were excluded from this study. The socio-

demographic and clinico-pathological characteristics of the cases are shown in Table 5.2. 

In addition, the patients were grouped into three discordant risk groups (i.e. low, moderate 

and high risk) with regards to the risk of death from disease where the classification was 

based on the HPV status, pack-years, lymph node metastasis and tumour size.  Univ
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Table 5.2: Summary of the socio-demographic and clinico-pathological 
characteristics of OPSCCs used in this study.  

Characteristic N=55 (%) Characteristic N=55 (%) 

Age 

(years old) 

20-40 2 (3.6) 
Gender 

Male 37 (67.3) 

41-50 13 (23.6) Female 18 (32.7) 

51-60 22 (40.0) 

T stage 

T0 1 (1.8) 

61-70 14 (25.5) T1 33 (60.0) 

71-90 4 (7.3) T2 18 (32.7) 

Smoking 

Never 19 (34.5) NA 3 (5.5) 

Past 8 (14.5) 

N stage 

N1 30 (54.5) 

Current 27 (49.1) N2 22 (40.0) 

NA 1 (1.8) NA 3 (5.5) 

Tos  

(years) 

0-2 17 (30.9) 
HPV DNA 

ISH 

Negative 38 (69.1) 

2.1-4 15 (27.3) Positive 16 (29.1) 

4.1-6 11 (20.0) No record 1 (1.8) 

6.1-8 3 (5.5) 

p16 

Negative 24 (43.6) 

8.1-10 1 (1.8) Positive 30 (54.5) 

NA 8 (14.5) NA 1 (1.8) 

Trfs 

(years) 

0-2 18 (32.7) 
HPV 

RNAscope 

Negative 20 (36.4) 

2.1-4 16 (29.7) Positive 25 (45.5) 

4.1-6 9 (16.4) No record 10 (18.2) 

6.1-8 4 (7.3) 

Outcome 

Alive 20 (36.4) 

8.1-10 1 (1.8) Deceased 32 (58.2) 

NA 7 (12.7) NA 3 (5.5) 

Risk of 

death 

group 

Low 19 (34.5) 

 Moderate 19 (34.5) 
High 16 (29.1) 
NA 1 (1.8) 

Abbreviation: Tos, Overall Survival Time; Trfs, Recurrence Free Survival Time; T stage, 

Primary tumour stage; N stage, extent of regional lymph node metastasis; HPV DNA 

ISH, High Risk HPV DNA in situ hybridisation; HPV RNAscope, HPV RNA in situ 

hybridisation; NA, not available.
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5.3.2 DDR1, COL8a1 and COL11a1 expression in OPSCC tissue sections 

The tissue sections were first double-stained for CK AE1/ AE3 (Cy3, red) to highlight 

the epithelia and DDR1 (Fluorescein, green). Five random hotspots of each case were 

visualised using a confocal laser scanning microscope (CLSM, Zeiss). The results showed 

that DDR1 was expressed in all OPSCC tissues examined and the staining was found to 

be cytoplasmic (Figure 5.6) and focally membranous (Figure 5.7).  

To examine whether COL8a1 is expressed by OPSCC CAFs in vivo, sections were 

dual-stained for COL8a1 and alpha-smooth muscle actin (α-SMA), which is a marker of 

fibroblast activation. COL8a1 was found to be expressed in both the OPSCC tumour cells 

(Figure 5.8) and CAFs (Figure 5.9). However, the expression of COL8a1 in tumour cells 

was heterogeneous from strong to weak positively stained. COL8a1 protein was 

predominantly detected in the cytoplasm of tumour cells and CAFs.  

The OPSCC tissue sections were also dual-stained for the presence of another collagen 

subtype, COL11a1 and α-SMA. COL11a1 was found to be expressed in both the OPSCC 

tumour cells (Figure 5.10) and CAFs (Figure 5.11). The expression of COL11a1 in 

tumour cells and CAFs was strong and COL11a1 protein was predominantly localised in 

the cytoplasm of tumour cells, whilst the staining in CAFs was also predominantly 

cytoplasmic and nuclear. 
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Figure 5.6: Representative images showing cytoplasmic DDR1 protein expression in OPSCC tumour cells.  
Tissues were multiplex-stained with (I) CK AE1/ AE3 (Cy3, red), (II) DDR1 (fluorescein, green) antibodies and (III) DAPI (blue) nuclear counterstain. 
Strong DDR1 staining was shown in malignant epithelium at magnification of (IV) 63X and (V) 100X captured by confocal laser scanning microscope 
(Zeiss).
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Figure 5.7: Representative images showing focal membranous DDR1 protein expression in OPSCC tumour cells.  
Tissues were multiplex-stained with (I) CK AE1/ AE3 (Cy3, red), (II) DDR1 (fluorescein, green) antibodies and (III) DAPI (blue) nuclear counterstain. 
Strong DDR1 staining was shown in malignant epithelium at magnification of (IV) 63X and (V) 100X captured by confocal laser scanning microscope 
(Zeiss).  
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Figure 5.8: Representative images showing cytoplasmic COL8a1 protein expression in OPSCC tumours.  
The tumour cells (region indicated by arrows) expressed (II) COL8a1 (Fluorescein, green) when multiplex-stained with (I) activated-CAF marker, α-
SMA (Cy3, red) and (III) DAPI (blue) nuclear counterstain. Images showed magnification at (IV) 63X and (V) 100X captured by confocal laser scanning 
microscope (Zeiss).  
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Figure 5.9: Representative images showing cytoplasmic and nuclear COL8a1 expression in OPSCC CAFs.  
Tissues were multiplex-stained with (I) activated-CAF marker, α-SMA (Cy3, red), (II) COL8a1 (fluorescein, green) antibodies and (III) DAPI (blue) 
nuclear counterstain. Arrows indicate COL8a1 protein in activated-CAFs at magnification of (IV) 63X and (V) 100X captured by confocal laser scanning 
microscope (Zeiss).  
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Figure 5.10: Representative images showing cytoplasmic COL11a1 protein expression in OPSCC tumours.  
The tumour cells (region indicated by arrows) expressed (II) COL11a1 (Fluorescein, green) when multiplex-stained with the (I) activated-CAF marker, 
α-SMA (Cy3, red) and (III) DAPI (blue) nuclear counterstain. Images showed magnification at (IV) 63X and (V) 100X captured by confocal laser 
scanning microscope (Zeiss).  
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Figure 5.11: Representative images showing cytoplasmic and nuclei COL11a1 protein expression in OPSCC CAFs.  
Tissues were multiplex-stained with (I) activated-CAF marker, α-SMA (Cy3, red), (II) COL11a1 (fluorescein, green) antibodies and (III) DAPI (blue) 
counterstain. Arrows indicate COL11a1 protein in activated-CAFs at magnification of (IV) 63X and (V) 100X captured by confocal laser scanning 
microscope (Zeiss).   
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5.3.3 Quantification of DDR1, COL8a1 and COL11a1 expression and correlation 

with socio-demographic and clinico-pathological characteristics 

The DDR1, COL8a1 and COL11a1 staining intensities were scored quantitatively 

using Metamorph Pathology Analysis Software on an individual cell basis. The tumour 

regions of interest of each case were identified by a trained pathologist (Dr Anand 

Ramanathan, Department of Oro-Maxillofacial Surgical and Medical Science, Faculty of 

Dentistry, University of Malaya). The expression was quantified as the number of positive 

staining cells multiplied by the staining intensity above local background in an average 

of random five hotspots for each case.  

5.3.3.1 DDR1 expression 

The correlation between DDR1 expression in CK AE1/ AE3 positive cells with socio-

demographic and clinico-pathological parameters was examined and is summarised in 

Table 5.3. The area under curve of a Receiver Operating Characteristic (ROC) Curve was 

below 0.6 and the skewness divided by standard deviation was less than 1.98 

(skewness/SD=2.82) indicating that the population was not normally distributed. 

Therefore, median (Med= 118 386.24) was used as the cut-off value in transforming the 

DDR1 expression scales into low and high expression groups. Among the 55 cases, 28 

cases (50.9% of total cohort) were assigned to the low expression group, whilst 27 cases 

(49.1% of total cohort) fell in the high expression group.  

Crosstabs of DDR1 expression demonstrated that its high expression was significantly 

associated (Pearson Chi Square, p= 0.023) and correlated (Spearman Correlation, p= 

0.029) with non-smokers. Within the total cohort of 55 patients, 19 patients (34.5% of 

total cohort) were non-smokers, 35 patients (63.6% of total cohort) were past and current 

smokers; and the record of 1 patient (1.8% of total cohort) was unavailable. In addition, 

Univariate ANOVA and Logistic Regression were carried out to study and validate the 

significance of the association. Both the tests showed significant p-values (Univariate 
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ANOVA, p= 0.021; Univariate Logistic Regression, p= 0.013), which support the finding 

that DDR1 high expression was strongly associated and correlated with non-smoking 

behaviour in OPSCC. Further analyses were carried out by Multiple Logistic Regression. 

However, the association between DDR1 protein expression and smoking behaviour 

became not significant (p= 0.052) in the Multiple Logistic Regression analyses after 

adjusting for the confounding factors including age, gender, p16, HPV DNA ISH, HPV 

RNAscope, risk group, smoking, T stage, N stage, outcome, overall survival time and 

recurrence free survival time. 

Although high DDR1 expression was not significantly associated with risk group 

under Pearson Chi Square (p= 0.056), Spearman Correlation (p= 0.056) and Univariate 

ANOVA (p= 0.055), significant p-value was found using Univariate Logistic Analysis 

(p= 0.036) indicating that DDR1 high expression was associated with risk group. Within 

the high expression group, 14 patients (25.5% of total cohort) have moderate risk of death, 

7 patients (12.7% of total cohort) have high risk of death and the records from 6 patients 

(10.9% of total cohort) were unavailable. Of note, all the patients from low risk group 

(100% within low risk; i.e. 9.1% of total cohort) have low expression of DDR1. However, 

the association between DDR1 protein expression and risk of death characteristic became 

not significant (p= 0.052) in the Multiple Logistic Regression analyses after adjusting for 

the confounding factors including age, gender, p16, HPV DNA ISH, HPV RNAscope, 

risk group, smoking, T stage, N stage, outcome, overall survival time and recurrence free 

survival time. 

These quantitative results were in agreement with the observations from images 

captured by the multi-spectral unmixed composite imaging which showed differential 

expression of DDR1 in the risk of death and smoking groups. Higher expression of DDR1 

was observed in non-smokers (Figure 5.12) and moderate and high risk groups (Figure 

5.13). 
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Table 5.3: Association and correlation between DDR1 protein expression with socio-demographic and clinico-pathological characteristics of 
OPSCC patients 

Variables Categories 

DDR1 
Expression 
(% of total 

cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-value Odd ratio 95% CI p-
value 

Age 

20-40 1.8 1.8 

0.993 0.889 0.994 

1.000 - - 1.000 - - 
41-50 10.9 12.7 1.167 (0.06,22.94) 0.919 1071939542 (0.00,-) 0.999 
51-60 21.8 18.2 0.833 (0.05,15.09) 0.902 373799069.6 (0.00,-) 0.999 
61-70 12.7 12.7 1.000 (0.05,19.36) 1.000 2296674518 (0.00,-) 0.999 
71-90 3.6 3.6 1.000 (0.03,29.81) 1.000 405411434.4 (0.00,-) 0.999 

Gender Male 36.4 30.9 0.504 0.513 0.513 1.000 - - 1.000 - - 
Female 14.5 18.2 1.471 (0.47,4.56) 0.504 3.125 (0.33,29.55) 0.320 

p16 
Neg 23.6 20.0 

0.527 0.796 0.542 
1.000 - - 1.000 - - 

Pos 25.5 29.1 1.351 (0.46,3.97) 0.584 0.263 (0.00,16.00) 0.524 
NA 1.8 0.0 0.000 (0.00,-) 1.000 - - - 

HPV DNA 
ISH 

Neg 36.4 32.7 
0.512 0.780 0.527 

1.000 - - 1.000 - - 
Pos 12.7 16.4 1.429 (0.44,4.63) 0.552 4.758 (0.29,78.30) 0.275 
NA 1.8 0.0 0.000 (0.00,-) 1.000 0.000 (0.00,-) 0.999 

HPV Group 

Neg 23.6 20.0 

0.706 0.908 0.723 

1.000 - - - - - 
Interm 12.7 12.7 1.182 (0.316,4.424) 0.804 - - - 

Pos 12.7 16.4 1.519 (0.425,5.426) 0.519 - - - 
NA 1.8 0.0 0.000 (0.00,-) 1.000 - - - 

HPV 
RNAscope 

Neg 18.2 18.2 
0.379 0.499 0.393 

1.000 - - 1.000 - - 
Pos 20.0 25.5 1.273 (0.39,4.14) 0.689 0.369 (0.01,24.14) 0.640 
NA 12.7 5.5 0.429 (0.09,2.15) 0.303 0.430 (0.02,8.84) 0.584 

Risk of 
death Group 

Low 9.1 0.0 

0.056 0.056 0.055 

4.667 (1.11,19.65) *0.036 60.374 (0.97,3762.5) 0.052 
Moderate 21.8  25.5 0.972 (0.25,3.85) 0.968 2.556 (0.12,54.54) 0.548 

High 18.2 12.7 1.000 - - 1.000 - - 
NA 1.8 10.9 0.000 (0.00,-) 1 - - - 
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Table 5.3, continued. 

Variables Categories 

DDR1 Expression (% 
of total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-value 

Smoking 
No 9.1 25.5 

*0.023 *0.029 *0.021 
4.738 (1.39,16.21) *0.013 60.374 (0.97,3762.5) 0.052 

Yes 40.0 23.6 1.000 - - 1.000 - - 
NA 1.8 0.0 0.000 (0.00,-) 1 0.000 (0.00,-) 1.000 

T stage 

T0 0.0 1.8 

0.111 0.618 0.113 

1.000 - - 1.000 - - 
T1 29.1 30.9 0.000 (0.00,-) 1 0.000 (0.00,-) 1.000 
T2 21.8 10.9 0.000 (0.00,-) 1 0.000 (0.00,-) 1.000 
NA 0.0 5.5 1615478896 - 1 49690208 (0.00,-) 1.000 

N stage 
N1 30.9 23.6 

0.455 0.461 0.470 
1.000 - - 1.000 - - 

N2 16.4 23.6 1.889 (0.62,5.76) 0.264 0.993 (0.12,8.14) 0.995 
NA 3.6 1.8 0.654 (0.05,8.02) 0.740 0.000 (0.00,-) 0.999 

Outcome 
Alive 32.7 25.5 

0.446 0.455 0.461 
1.000 - - 1.000 - - 

Deceased 14.5 21.8 1.929 (0.62,6.00) 0.257 9.414 (0.90,98.29) 0.060 
NA 3.6 1.8 0.643 (0.05,7.83) 0.729 16.540 (0.23,1206.91) 0.200 

Tos 
0-6 43.6 38.2 

0.720 0.961 0.731 
0.656 (0.13,3.28) 0.608 0.195 (0.01,5.83) 0.350 

6-12 5.5 7.3 1.000 - - 1.000 - - 
NA 1.8 3.6 1.500 (0.09,25.39) 0.779 6.787E23 (0.00,-) 0.999 

Trfs 
0-3 20.0 23.6 

0.354 0.177 0.368 
1.719 (0.57,5.22) 0.339 1.799 (0.30,10.75) 0.523 

3.1-9 29.1 20.0 1.000 - - 1.000 - - 
NA 1.8 5.5 4.364 (0.40,47.61) 0.227 0.000 (0.00,-) 1.000 

Multivariate Logistic Regression analyses was applied to adjust the confounders of age, gender, p16, HPV DNA ISH, HPV RNAscope, risk group, 
smoking, T stage, N stage, outcome, Tos and Trfs.  

Abbreviation: Neg, negative; Pos, positive; Interm, intermediate; NA, not available; HPV DNA ISH, HPV DNA in situ hybridisation; HPV RNAscope, 
HPV RNA in situ hybridisation; Tos, overall survival time; Trfs, recurrence free survival time; *Indicated significant p-value (p<0.05).   Univ
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Figure 5.12:  Multi-spectral unmixed composite imaging and quantitative digital 

scoring showed high DDR1 expression in non-smokers compared to smokers.  

Tissues were simultaneously multiplex-stained with epithelium marker, CK AE1/AE3 

(Cy3, red), DDR1 (fluorescein, green) and DAPI (blue) nuclear counterstain. The scoring 

map of per-cell DDR1 expression generated by the digital workflow algorithm. Cells 

positive for only CK AE1/AE3 are displayed in red, cells positive for DDR1 are displayed 

in green, cells double positive for CK AE1/AE3 and DDR1 are displayed in yellow, and 

cells negative for both markers are displayed in white.    
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Figure 5.13: Multi-spectral unmixed composite imaging and quantitative digital 

scoring showed high DDR1 expression in moderate and high risk compared to low 

risk group.  

Tissues were simultaneously multiplex-stained with epithelium marker, CK AE1/AE3 

(Cy3, red), DDR1 (fluorescein, green) and DAPI (blue) nuclear counterstain. The scoring 

map of per-cell DDR1 expression generated by the digital workflow algorithm. Cells 

positive for only CK AE1/AE3 are displayed in red, cells positive for DDR1 are displayed 

in green, cells double positive for CK AE1/AE3 and DDR1 are displayed in yellow, and 

cells negative for both markers are displayed in white.   
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5.3.3.2 COL8a1 expression 

The expression of COL8a1 in tumour cells was analysed for association and 

correlation with socio-demographic and clinico-pathological parameters. The area under 

curve of ROC Curve was above 0.6 (AUC= 0.715). The cut-off value determined by its 

maximum sensitivity and specificity (cut-off= 9385.18) of 63% sensitivity and 81.3% 

specificity was used for transforming the obtained COL8a1 expression scales into low 

and high expression groups of (Appendix E). Among the 55 cases, 23 cases (41.8% of 

total cohort) were classified in the low expression group whilst 21 cases (38.2% of total 

cohort) fell in the high expression group. The remaining 11 cases (20% of total cohort) 

were excluded for technical reasons after staining.  

Crosstabs of the COL8a1 expression in tumour cells demonstrated that low expression 

of COL8a1 was significantly associated and correlated with low risk-group (Pearson Chi 

Square, p= 0.012; Spearman Correlation, p= 0.006; Univariate ANOVA= 0.009) and N2 

lymph nodes metastasis (Spearman Correlation, p=0.042), whilst high expression was 

significantly associated with smoking behaviour (Pearson Chi Square, p= 0.011; 

Spearman Correlation, p= 0.002; Univariate ANOVA= 0.009). Further analyses by 

Univariate Logistic Regression were carried out and supported the results that COL8a1 

expression in tumour cells were significantly associated and correlated with smoking 

behaviour (Univariate Logistic Regression= 0.008) and risk group (Logistic Regression, 

p= 0.004) but its association with the lymph node metastasis was not significant. 

However, none of these associations were significant after adjusted to the confounder 

factors in Multiple Logistic Regression (Table 5.4).  

These quantitative results were in agreement with the observations from images 

captured by the multi-spectral unmixed composite imaging which showed differential 

expression of COL8a1 in which lower expression of COL8a1 was showed in low risk 
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(Figure 5.14) and N2 lymph node metastasis groups (Figure 5.15) while higher expression 

was observed in smokers (Figure 5.16). 
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Table 5.4: Association and correlation between COL8a1 protein expression in tumour cells with socio-demographic and clinico-
pathological characteristics of OPSCC patients 

Variables Categories 

COL8a1 
expression in 
tumour cells 
(n,% of total 

cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Age 

20-40 0.0 2.3 

0.391 0.442 0.416 

1.000 - - 1.000 - - 
41-50 15.9 11.4 0.000 (0.00,0.00) 1.000 6.17E+260 (0.00,-) 0.992 
51-60 15.9 22.7 0.000 (0.00,0.00) 1.000 1.518E+295 (0.00,-) 0.992 
61-70  15.9 11.4 0.000 (0.00,0.00) 1.000 1.135E+212 (0.00,-) 0.993 
71-90 4.5 0.0 0.000 (0.00,-) 0.999 1.741E+203 (0.00,-) 0.994 

Gender Male 36.4 27.3 0.392 0.404 0.404 1.000 - - 1.000 - - 
Female 15.9 20.5 1.714 (0.50,5.92) 0.394 0.000 (0.00,-) 0.990 

p16 
Neg 15.9 25.0 

0.246 0.116 0.259 
1.000 - - 1.000 - - 

Pos 34.1 22.7 0.424 (0.12,1.47) 0.175 3.013E+117 (0.00,-) 0.989 
NA 2.3 0.0 0.000 (0.00,-) 1.000 - - - 

HPVISH 
Neg 31.8 34.1 

0.540 0.424 0.559 
1.000 - - 1.000 - - 

Pos 18.2 13.6 7.000 (0.19,2.53) 0.586 0.000 (0.00,-) 0.989 
NA 2.3 0.0 0.000 (0.00,-) 1.000 5.016E+269 (0.00,-) 0.993 

RNAscope 
Neg 11.4 20.5 

0.319 0.168 0.335 
1.000 - - 1.000 - - 

Pos 29.5 20.5 0.385 (0.10,1.54) 0.176 0.000 (0.00,-) 1.000 
NA 11.4 6.8 0.333 (0.06,2.02) 0.232 0.000 (0.00,-) 1.000 

HPV Group 

Neg 15.9 22.7 

0.530 0.425 0.554 

2.286 (0.52,10.01) 0.273 - - - 
Interm 15.9 13.6 1.371 (0.29,6.54) 0.692 - - - 

Pos 18.2 11.4 1.000 - - - - - 
NA 2.3 0.0 0.000 (0.00,-) 1.000 - - - 

Risk Group 

Low 29.5 6.8 

*0.012 *0.006 *0.009 

0.069 (0.01,0.42) *0.004 - - - 
Moderate 15.9 15.9 0.300 (0.06,1.58) 0.156 0.000 (0.00,-) 0.999 

High 6.8 22.7 1.000 - - 1.000 - - 
NA 0.0 2.3 484642459.3 (0.00,-) 1.000 - - - 
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Table 5.4, continued. 

Variables Categories 

COL8a1 expression 
in tumour cells  

(n,% of total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Smoking 
No 29.5 6.8 

*0.011 *0.002 *0.009 
1.000 - - 1.000 - - 

Yes 22.7 38.6 7.367 (1.68,32.31) *0.008 1.026E+231 (0.00,-) 0.999 
NA 0.0 2.3 700391085 (0.00,-) 1.000 1.922E+15 (0.00,-) 1.000 

T stage 
T1 27.3 34.1 

0.423 0.202 0.441 
1.000 - - 1.000 - - 

T2 20.5 11.4 0.444 (0.12,1.68) 0.232 0.000 (0.00,-) 0.989 
NA 4.5 2.3 0.400 (0.03,4.96) 0.476 0.000 (0.00,-) 0.997 

N stage 
N1 18.2 31.8 

0.107 *0.042 0.111 
1.000 - - 1.000 - - 

N2 29.5 13.6 0.264 (0.07,0.97) *0.045 6.009E+055 (0.00,-) 0.990 
NA 4.5 2.3 0.286 (0.02,3.67) 0.336 0.000 (0.00,-) 0.996 

Outcome 
Alive 34.1 25.0 

0.282 0.294 0.297 
1.000 - - 1.000 - - 

Deceased 18.2 18.2 1.364 (0.39,4.77) 0.627 1.000 (0.01,92.42) 1.000 
NA 0.0 4.5 2202920270 (0.00,-) 0.999 0.000 (0.00,-) 0.999 

Tos 
0-6 40.9 45.5 

0.221 0.098 0.233 
1.000 - - 1.000 - - 

6-12 6.8 2.3 0.300 (0.03,3.15) 0.316 0.000 (0.00,-) 1.000 
NA 4.5 0.0 0.000 (0.000,-) 0.999 0.000 (0.00,-) 0.997 

Trfs 
0-3 20.5 22.7 

0.787 0.887 0.799 
0.600 (0.05,7.63) 0.694 35609215277 (0.00,-) 1.000 

3.1-9 27.3 22.7 1.000 - - 1.000 -- - 
NA 4.5 2.3 1.333 (0.39,4.57) 0.647 1.237E+041 (0.00,-) 0.990 

 
Multivariate Logistic Regression analyses was applied to adjust the confounders of age, gender, p16, HPV DNA, RNAscope, risk group, smoking, T 
stage, N stage, outcome, Tos and Trfs.  

Abbreviation: Neg, negative; Pos, positive; Interm, intermediate; NA, not available; Tos, overall survival time; Trfs, recurrence free survival time; 
*Indicated significant p-value (p<0.05).   Univ
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Figure 5.14: Multi-spectral unmixed composite imaging and quantitative digital 

scoring showed low expression of COL8a1 in tumours from low risk of death group 

compared to the counterparts.  

Tissues were simultaneously multiplex-stained with the CAF marker, α-SMA (Cy3, red), 

COL8a1 (fluorescein, green) and DAPI (blue) nuclear counterstain. The scoring map of 

per-cell COL8a1 expression generated by the digital workflow algorithm. Cells positive 

for only α-SMA are displayed in red, cells positive for COL8a1 are displayed in green, 

cells double positive for α-SMA and COL8a1 are displayed in yellow, and cells negative 

for both markers are displayed in white.    
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Figure 5.15: Multi-spectral unmixed composite imaging and quantitative digital 

scoring showed low expression of COL8a1 in tumours from N2 lymph node 

metastasis group compared to the counterparts.  

Tissues were simultaneously multiplex-stained with CAF marker, α-SMA (Cy3, red), 

COL8a1 (fluorescein, green) and DAPI (blue) nuclear counterstain. The scoring map of 

per-cell COL8a1 expression generated by the digital workflow algorithm. Cells positive 

for only α-SMA are displayed in red, cells positive for COL8a1 are displayed in green, 

cells double positive for α-SMA and COL8a1 are displayed in yellow, and cells negative 

for both markers are displayed in white. 
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Figure 5.16: Multi-spectral unmixed composite imaging and quantitative digital 

scoring showed high expression of COL8a1 in tumours from smoker compared to 

non-smoker.  

Tissues were simultaneously multiplex-stained with CAF marker, α-SMA (Cy3, red), 

COL8a1 (fluorescein, green) and DAPI (blue) nuclear counterstain. The scoring map of 

per-cell COL8a1 expression generated by the digital workflow algorithm. Cells positive 

for only α-SMA are displayed in red, cells positive for COL8a1 are displayed in green, 

cells double positive for α-SMA and COL8a1 are displayed in yellow, and cells negative 

for both markers are displayed in white. 
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The expression of COL8a1 in CAFs (co-expression with α-SMA) was also analysed 

for association and correlation with patients’ socio-demographic and clinico-pathological 

parameters. The area under curve of ROC was above 0.6 (AUC= 0.646). The cut-off value 

determined by its maximum sensitivity and specificity (cut-off= 12850.67) of 63% 

sensitivity and 68.8% specificity was used for transforming the obtained COL8a1 

expression in CAFs into low and high expression groups (Appendix F). Among the 55 

cases, 22 cases (40% of total cohort) were assigned to both the low and high expression 

groups. 11 cases (20% of total cohort) were excluded for technical reasons after staining. 

Similar to the expression of COL8a1 in tumour cells, crosstabs of the COL8a1 

expression in CAFs demonstrated correlation of low expression with the low risk group 

(Spearman Correlation, p= 0.023; Univariate Logistic Regression, p= 0.048) and N2 

lymph node metastasis (Univariate Logistic Regression, p= 0.045) whilst there was high 

expression of COL8a1 in CAFs with smoking behaviour (Univariate Logistic Regression, 

p= 0.049). However, similar to the expression of COL8a1 in tumour, none of these 

associations was significant after adjusted to the confounder factors in Multiple Logistic 

Regression (Table 5.5). 

These quantitative results were in agreement with the observations from images 

captured by the multi-spectral unmixed composite imaging which showed differential 

expression of COL8a1 in which lower expression was showed in low risk (Figure 5.17) 

and N2 lymph node metastasis groups (Figure 5.18) while higher expression was showed 

in smoker in CAFs (Figure 5.19). 
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Table 5.5: Association and correlation between COL8a1 protein expression in CAFs with socio-demographic and clinico-pathological 
characteristics of OPSCC patients 

Variables Categories 

COL8a1 
expression in 

CAFs 
(n,% of total 

cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-value Odd ratio 95% CI p-
value 

Age 

20-40 0.0 2.3 

0.605 0.421 0.635 

1.000 - - 1.000 - - 
41-50 18.2 9.1 0.000 (0.00,-) 1.000 0.000 (0.00,-) 1.000 
51-60 18.2 20.5 0.000 (0.00,-) 1.000 0.000 (0.00,-) 1.000 
61-70 11.4 15.9 0.000 (0.00,-) 1.000 0.000 (0.00,-) 1.000 
71-90 2.3 2.3 0.000 (0.00,-) 1.000 0.000 (0.00,-) 1.000 

Gender Male 31.8 31.8 1.000 1.000 1.000 1.000 - - 1.000 - - 
Female 18.2 18.2 1.000 (0.29,3.42) 1.000 0.060 (0.00,9.58) 0.277 

p16 
Neg 13.6 27.3 

0.135 0.053 0.142 
1.000 - - 1.000 - - 

Pos 34.1 22.7 0.333 (0.09,1.18) 0.089 0.000 (0.00,-) 0.998 
NA 2.3 0.0 0.000 (0.00,-) 1.000 - - - 

HPVISH 
Neg 29.5 36.4 

0.450 0.312 0.469 
1.000 - - 1.000 - - 

Pos 18.2 13.6 0.609 (0.17,2.21) 0.451 5.821 (0.04,817.10) 0.485 
NA 2.3 0.0 0.000 (0.00,-) 1.000 0.000 (0.00,-) 0.999 

RNAscope 
Neg 11.4 20.5 

0.402 0.194 0.420 
1.000 - - 1.000 - - 

Pos 27.3 22.7 0.463 (0.11,1.84) 0.273 6568597378 (0.00,-) 0.999 
NA 11.4 6.8 0.333 (0.06,2.02) 0.232 0.001 (0.00,74.67) 0.228 

HPV Group 

Neg 13.6 25.0 

0.356 0.268 0.377 

2.933 (0.66,13.09) 0.159 - - - 
Interm 15.9 13.6 1.371 (0.29,6.54) 0.692 - - - 

Pos 18.2 11.4 1.000 - - - - - 
NA 2.3 0.0 0.000 (0.00,-) 1.000 - - - 

Risk Group 

Low 25.0 11.4 

0.141 *0.023 0.147 

0.202 (0.04,0.98) *0.048 - - - 
Moderate 13.6 18.2 0.593 (0.12,2.89) 0.517 5402.903 (0.45,6469E+4) 0.073 

High 9.1 20.5 1.000 - - 1.000 - - 
NA 2.3 0.0 0.000 (0.00,-) 1.000 - - - 
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Table 5.5, continued. 

Variables Categories 

COL8a1 expression 
in CAFs 

(n,% of total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Smoking 
No 25.0 11.4 

0.079 0.113 0.082 
1.000 - - 1.000 - - 

Yes 22.7 38.6 3.740 (1.01,13.92) *0.049 0.239 (0.00,873.19) 0.732 
NA 2.3 0.0 0.000 (0.00,-) 1.000 1783.246 (0.00,-) 1.000 

T stage 
T1 25.0 36.4 

0.301 0.131 0.316 
1.000 - - 1.000 - - 

T2 20.5 11.4 0.382 (1.00,1.45) 0.158 0.595 (0.01,52.40) 0.820 
NA 4.5 2.3 0.344 (0.03,4.27) 0.406 16.993 (0.00,1438E+3) 0.625 

N stage 
N1 18.2 31.8 

0.103 0.142 0.107 
1.000 - - 1.000 - - 

N2 29.5 13.6 0.264 (0.07,0.97) *0.045 0.026 (0.00,8.04) 0.212 
NA 2.3 4.5 1.143 (0.09,14.68) 0.918 1.842 (0.00,2232E+2) 0.919 

Outcome 
Alive 29.5 29.5 

0.325 0.810 0.341 
1.000 - - 1.000 - - 

Deceased 20.5 15.9 0.778 (0.22,2.72) 0.694 0.040 (0.00,2.77) 0.137 
NA 0.0 4.5 1615E+6 (0.00,-) 0.999 696940.421 (0.00,-) 1.000 

Tos 
0-6 38.6 47.7 

0.110 0.099 0.114 
1.000 - - 1.000 - - 

6-12 9.1 0.0 0.000 (0.00,-) 0.999 0.000 (0.00,-) 0.998 
NA 2.3 2.3 0.810 (0.05,13.92) 0.884 1.377E+20 (0.00,-) 0.999 

Trfs 
0-3 20.5 22.7 

0.824 0.887 0.835 
1.111 (0.33,3.80) 0.867 0.041 (0.00,1.88) 0.102 

3-9 25.0 25.0 1.000 - - 1.000 - - 
NA 4.5 2.3 0.500 (0.04,6.35) 0.593 0.000 (0.00,-) 0.999 

 
Multivariate Logistic Regression analyses was applied to adjust the confounders of age, gender, p16, HPV DNA, RNAscope, risk group, smoking, T 
stage, N stage, outcome, Tos and Trfs.  

Abbreviation: Neg, negative; Pos, positive; Interm, intermediate; NA, not available; Tos, overall survival time; Trfs, recurrence free survival time; 
*Indicated significant p-value (p<0.05).  Univ
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Figure 5.17: Multi-spectral unmixed composite imaging and quantitative digital 

scoring showed low expression of COL8a1 in CAFs from low risk of death group 

compared to the counterparts.  

Tissues were simultaneously multiplex-stained with CAF marker, α-SMA (Cy3, red), 

COL8a1 (fluorescein, green) and DAPI (blue) nuclear counterstain. The scoring map of 

per-cell COL8a1 expression generated by the digital workflow algorithm. Cells positive 

for only α-SMA are displayed in red, cells positive for COL8a1 are displayed in green, 

cells double positive for α-SMA and COL8a1 are displayed in yellow, and cells negative 

for both markers are displayed in white.  
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Figure 5.18: Multi-spectral unmixed composite imaging and quantitative digital 

scoring showed low expression of COL8a1 in CAFs from N2 lymph node metastasis 

group compared to the counterparts.  

Tissues were simultaneously multiplex-stained with CAF marker, α-SMA (Cy3, red), 

COL8a1 (fluorescein, green) and DAPI (blue) nuclear counterstain. The scoring map of 

per-cell COL8a1 expression generated by the digital workflow algorithm. Cells positive 

for only α-SMA are displayed in red, cells positive for COL8a1 are displayed in green, 

cells double positive for α-SMA and COL8a1 are displayed in yellow, and cells negative 

for both markers are displayed in white.  
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Figure 5.19: Multi-spectral unmixed composite imaging and quantitative digital 

scoring showed high expression of COL8a1 in CAFs from smoker compared to non-

smoker.  

Tissues were simultaneously multiplex-stained with CAF marker, α-SMA (Cy3, red), 

COL8a1 (fluorescein, green) and DAPI (blue) nuclear counterstain. The scoring map of 

per-cell COL8a1 expression generated by the digital workflow algorithm. Cells positive 

for only α-SMA are displayed in red, cells positive for COL8a1 are displayed in green, 

cells double positive for α-SMA and COL8a1 are displayed in yellow, and cells negative 

for both markers are displayed in white. 
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5.3.3.3 COL11a1 expression 

The correlation between COL11a1 in tumour cells with socio-demographic and 

clinico-pathological parameters were examined. The area under curve of ROC was below 

0.6 and the skewness divided by standard deviation was less than 1.98 

(skewness/SD=2.20) indicating that the population was not normally distributed. 

Therefore, median (median= 214483.45) was used as the cut-off value in transforming 

COL11a1 expression scales into low and high expression groups. Among the 55 cases, 

equal numbers of 27 cases (49.1% of total cohort) were assigned to the low and high 

expression group respectively. The remaining 1 case (1.8% of total cohort) was excluded 

due to the tissues damage during staining.  

The expression of COL11a1 in CAFs was also analysed for association and correlation 

with patients’ socio-demographic and clinical-pathological parameters. The area under 

curve of ROC was below 0.6 and the skewness divided by standard deviation was less 

than 1.98 (skewness/SD=1.78) indicating that the population was normally distributed. 

Therefore, mean (mean= 107200.2852) was used as the cut-off value in transforming 

COL11a1 expression scales into low and high expression groups. Among the 55 cases, 

28 cases (50.9% of total cohort) were assigned to low expression group, whilst 26 cases 

(47.3% of total cohort) were assigned to high expression group. The remaining 1 case 

(1.8% of total cohort) was excluded for technical reasons after staining.   

Crosstabs of the COL11a1 expression in tumour and CAFs demonstrated no 

significant association and correlation of COL11a1 expression in tumour cells (Table 5.6) 

and CAFs (Table 5.7) with any of the socio-demographic and clinico-pathological 

parameters using Pearson Chi Square, Spearman Correlation, Univariate ANOVA, 

Univariate Logistic Regression and Multiple Logistic Regression analyses.
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Table 5.6: Association and correlation between COL11a1 protein expression in tumour cells with socio-demographic and clinico-
pathological characteristics of OPSCC patients 

Variables Categories 

COL11a1 expression 
in tumour cells (n,% 

of total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Age 

20-40 1.9 1.9 

0.466 0.315 0.489 

1.000 - - 1.000 - - 
41-50 7.4 16.7 2.250 (0.11,45.72) 0.598 4.124 (0.08,220.16) 0.485 
51-60 22.2 18.5 0.833 (0.05,15.09) 0.902 0.915 (0.02,37.37) 0.963 
61-70 16.7 9.3 0.556 (0.03,10.93) 0.699 0.379 (0.01,16.16) 0.613 
71-90 1.9 3.7 2.000 (0.05,78.25) 0.711 2.801 (0.03,270.82) 0.659 

Gender Male 33.3  33.3 1.000 1.000 1.000 1.000 - - 1.000 - - 
Female 16.7 16.7 1.000 (0.32,3.10) 1.000 0.381 (0.06,2.47) 0.311 

p16 
Neg 24.1 20.4 

0.548 0.504 0.563 
1.000 - - 1.000 - - 

Pos 25.9 27.8 1.266 (0.43,3.74) 0.670 4.190 (0.12,147.02) 0.430 
NA 0.0 1.9 19091E+5 (0.000,-) 1.000 - - - 

HPVISH 
Neg 35.2 33.3 

0.598 0.493 0.613 
1.000 - - 1.000 - - 

Pos 14.8 14.8 1.506 (0.33,3.41) 0.928 0.993 (0.13,7.49) 0.995 
NA 0.0 1.9 17052E+5 (0.00,-) 1.000 1602965417 (0.00,-) 1.000 

RNAscope 
Neg 18.5 16.7 

0.782 0.598 0.792 
1.000 - - 1.000 - - 

Pos 24.1 22.2 1.026 (0.31,3.39) 0.967 0.075 (0.00,4.08) 0.204 
NA 7.4 11.1 1.667 (0.35,7.88) 0.519 0.241 (0.01,4.21) 0.330 

HPV Group 

Neg 24.1 22.2 

0.506 0.614 0.526 

1.477 (0.38,5.79) 0.576 - - - 
Interm 11.1 16.7 2.400 (0.52,11.0) 0.259 - - - 

Pos 14.8 9.3 1.000 - - - - - 
NA 0.0 1.9 25847E+5 (0.00,-) 1.000 - - - 

Risk Group 

Low 13.0 22.2 

0.414 0.452 0.433 

1.959 (0.49,7.77) 0.339 - - - 
Moderate 20.4 14.8 0.831 (0.21,3.25) 0.790 0.711 (0.06,8.92) 0.791 

High 14.8 13.0 1.000 - - 1.000 - - 
NA 1.9 0.0 0.000 (0.00,-) 1.000 - - - 
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Table 5.6, continued. 

Variables Categories 

COL11a1 expression in 
tumour cells  

(n,% of total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Smoking 
No 13.0 22.2 

0.248 0.124 0.259 
1.000 - - 1.000 - - 

Yes 35.2 27.8 0.461 (0.15,1.46) 0.187 0.579 (0.03,12.03) 0.724 
NA 1.9 0.0 0.000 (0.00,-) 1.000 0.000 (0.00,-) 1.000 

T stage 

T0 0.0 1.9 

0.207 0.641 0.216 

1.000 - - 1.000 - - 
T1 31.5 29.6 0.000 (0.00,-) 1.000 0.000 (0.00,-) 1.000 
T2 13.0 18.5 0.000 (0.00,-) 1.000 0.000 (0.00,-) 1.000 
NA 5.6 0.0 0.000 (0.00,-) 0.999 0.000 (0.00,-) 0.999 

N stage 
N1 27.8 27.8 

0.827 0.907 0.835 
1.000 - - 1.000 - - 

N2 18.5 20.4 1.100 (0.36,3.36) 0.867 2.064 (0.28,15.08) 0.475 
NA 3.7 1.9 0.500 (0.04,6.12) 0.588 1.043 (0.01,81.49) 0.985 

Outcome 
Alive 24.1 35.2 

0.250 0.102 0.261 
1.000 - - 1.000 - - 

Deceased 22.2 13.0 0.399 (0.12,1.29) 0.124 0.555 (0.09,3.57) 0.535 
NA 3.7 1.9 0.342 (0.03,4.18) 0.401 0.348 (0.01,21.65) 0.617 

Tos 
0-6 40.7 40.7 

0.788 0.950 0.798 
1.000 -  1.000 - - 

6-12 7.4 5.6 0.750 (0.15,3.75) 0.726 0.044 (0.00,1.29) 0.070 
NA 1.9 3.7 2.000 (0.17,23.70) 0.583 0.019 (0.00,-) 1.000 

Trfs 

0-3 22.2 20.4 

0.943 0.942 0.948 

1.000 - - 1.000 - - 
3.1-6 16.7 20.4 1.333 (0.40,4.44) 0.639 2.502 (0.45,13.98) 0.296 
6.1-9 7.4 5.6 0.818 (0.15,4.51) 0.818 - - - 
NA 3.7 3.7 1.091 (0.13,9.12) 0.936 29.039 (0.00,-) 1.000 

 
Multivariate Logistic Regression analyses was applied to adjust the confounders of age, gender, p16, HPV DNA, RNAscope, risk group, smoking, T 
stage, N stage, outcome, Tos and Trfs.  

Abbreviation: Neg, negative; Pos, positive; Interm, intermediate; NA, not available; Tos, overall survival time; Trfs, recurrence free survival time; 
*Indicated significant p-value (p<0.05).   
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Table 5.7: Association and correlation between COL11a1 protein expression in CAFs with socio-demographic and clinico-pathological 
characteristics of OPSCC patients 

Variables Categories 

COL11a1 
expression in CAFs  

(n,% of total 
cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Age 

20-40 1.9 1.9 

0.628 0.829 0.489 

1.000 - - 1.000 - - 
41-50 9.3 14.8 1.600 (0.08,31.77) 0.758 4.838 (0.09,254.51) 0.436 
51-60 25.9 14.8 0.571 (0.03,10.44) 0.706 1.203 (0.03,46.74) 0.921 
61-70 13.0 13.0 1.000 (0.05,19.36) 1.000 1.466 (0.04,60.84) 0.841 
71-90 1.9 3.7 2.000 (0.05,78.25) 0.711 5.759 (0.06,564.87) 0.454 

Gender Male 35.2 31.5 0.847 0.851 1.000 0.895 (0.29,2.78) 0.847 1.000 - - 
Female 16.7 16.7 1.000 - - 0.586 (0.12,2.90) 0.512 

p16 
Neg 25.9 18.5 

0.443 0.335 0.563 
1.000 - - 1.000 - - 

Pos 25.9 27.8 1.500 (0.50,4.46) 0.466 23.910 (0.65,885.66) 0.085 
NA 0.0 1.9 2261664810 (0.00,-) 1.000 - - - 

HPVISH 
Neg 37.0 31.5 

0.557 0.582 0.613 
1.000 - - 1.000 - - 

Pos 14.8 14.8 1.176 (0.36,3.80) 0.786 0.608 (0.09,4.14) 0.611 
NA 0.0 1.9 1900558666 (0.00,-) 1.000 2781408156 (0.00,-) 1.000 

RNAscope 
Neg 18.5 16.7 

0.991 0.904 0.792 
1.000 - - 1.000 - - 

Pos 24.1 22.2 1.026 (0.31,3.39) 0.967 0.068 (0.00,2.76) 0.155 
NA 9.3 9.3 1.111 (0.24,5.14) 0.893 0.148 (0.01,2.14) 0.161 

HPV Group 

Neg 25.9 20.4 

0.461 0.797 0.526 

1.257 (0.32,4.94) 0.743 - - - 
Interm 11.1 16.7 2.400 (0.52,10.99) 0.259 - - - 

Pos 14.8 9.3 1.000 - - - - - 
NA 0.0 1.9 2584759786 (0.00,-) 1.000 - - - 

Risk Group 

Low 16.7 18.5 

0.777 0.914 0.433 

1.270 (0.33,4.93) 0.730 - - - 
Moderate 18.5 16.7 1.029 (0.27,3.99) 0.968 0.690 (0.07,7.03) 0.754 

High 14.8 13.0 1.000 - - 1.000 - - 
NA 1.9 0.0 0.000 (0.00,-) 1.000 - - - 
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Table 5.7, continued. 

Variables Categories 

COL11a1 expression 
in CAFs  

(n,% of total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Smoking 
No  16.7 18.5 

0.578 0.528 0.259 
1.000 - - 1.000 - - 

Yes 33.3 29.6 0.800 (0.26,2.46) 0.697 1.547 (0.08,29.55) 0.772 
NA 1.9 0.0 0.000 (0.00,-) 1.000 0.000 (0.00,-) 1.000 

T stage 

T0 1.9 0.0 

0.259 0.662 0.216 

1.000 - - 1.000 - - 
T1 29.6 31.5 17164E+5 (0.00,-) 1.000 2171E+5 (0.00,-) 1.000 
T2 14.8 16.7 18174E+5 (0.00,-) 1.000 2001E+5 (0.00,-) 1.000 
NA 5.6 0.0 1.000 (0.00,-) 1.000 0.020 (0.00,-) 1.000 

N stage 
N1 29.6 25.9 

0.802 0.907 0.835 
1.000 - - 1.000 - - 

N2 18.5 20.4 1.257 (0.41,3.84) 0.688 1.499 (0.25,9.12) 0.660 
NA 3.7 1.9 0.571 (0.05,7.00) 0.662 2.675 (0.05,155.62) 0.635 

Outcome 
Alive 29.6 29.6 

0.855 0.693 0.261 
1.000 - - 1.000 - - 

Deceased 18.5 16.7 0.900 (0.29,2.80) 0.856 1.725 (0.29,10.16) 0.547 
NA 3.7 1.9 0.500 (0.04,6.08) 0.587 0.433 (0.01,16.33) 0.651 

Tos 
0-6 40.7 40.7 

0.461 0.649 0.798 
1.000 - - 1.000 - - 

6-12 9.3 3.7 0.400 (0.07,2.29) 0.303 0.130 (0.01,2.78) 0.192 
NA 1.9  3.7 2.000 (0.17,23.70) 0.583 0.221 (0.00,-) 1.000 

Trfs 

0-3 20.4 22.2 

0.739 0.497 0.948 

1.000 - - 1.000 - - 
3.1-6 18.5 18.5 0.917 (0.28,3.04) 0.887 1.271 (0.27,5.94) 0.760 
6.1-9 9.3 3.7 0.367 (0.06,2.29) 0.283 - - - 
NA 3.7 3.7 0.917 (0.11,7.67) 0.936 4.114 (0.00,-) 1.000 

Multivariate Logistic Regression analyses was applied to adjust the confounders of age, gender, p16, HPV DNA, RNAscope, risk group, smoking, T 
stage, N stage, outcome, Tos and Trfs.  

Abbreviation: Neg, negative; Pos, positive; Interm, intermediate; NA, not available; Tos, overall survival time; Trfs, recurrence free survival time; 
*Indicated significant p-value (p<0.05).  
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5.3.4 Kaplan-Meier analysis of DDR1, COL8a1 and COL11a1 expression with 

patient survival 

Survival data were available for 53 of the 55 patients.  The follow-up period ranged 

from 3-140 months with a mean of 41.47 months and a median of 38 months. The DDR1 

scores from fluorescence multiplex staining were transformed and recoded into low and 

high expression of DDR1 by using the cut-off value (cut-off= 104 126.455) obtained from 

ROC curve with the highest value of specificity and sensitive (AUC= 0.622, 80% 

sensitivity and 55.6% specificity) based on patients’ outcome whether alive or deceased 

(Appendix G). Among the 53 patients, 23 patients (43.4% of total cohort) had low 

expression of DDR1, whilst 30 patients (56.6% of total cohort) had high DDR1 

expression. At last follow-up, 20 patients out of total 53 total patients (37.7% of total 

cohort) were dead, whilst 33 patients (62.3% of total cohort) were alive. More 

specifically, within the low DDR1 expression group, 4 patients (17.4% within low 

expression) were dead whilst the remaining 19 patients (82.6% within low expression) 

were alive and within the high DDR1 expression group, 16 patients (53.3% within high 

expression) were dead whilst 14 patients (46.7% within high expression) were alive. High 

DDR1 expression showed the trend of lower overall survival compared to low DDR1 

expression. Using Kaplan-Meir Survival Analysis, the Log-Rank (Mantel Cox) (p= 

0.022), Breslow (Generalised Wilcoxon) (p= 0.020) and Tarone-Ware (p= 0.017) overall 

comparisons were strongly significant (Figure 5.20). Patients with high DDR1 expression 

also have a significantly lower 5-years survival rate (5yr survival rate= 33%) than that of 

patients with low DDR1 expression (5yr survival rate= 78%). Importantly, the Cox 

Regression Multivariate model revealed that DDR1 remained significantly (p= 0.049) 

associated with survival outcome after adjusted for other major risk factors that are 

associated with OPSCC survival, such as age, HPV DNA, p16, HPV RNAscope, risk of 
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death group, smoking habit, N stage, T stage, overall survival time, and recurrence free 

survival time (Table 5.8). Hence, high DDR1 expression was significantly associated with 

poor overall survival of OPSCC patients.
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In addition, the association of survival time with COL8a1 expression in tumour cells 

(median= 8913.26) and CAFs (median= 13202); and COL11a1 in tumour (median= 

209017.20) and CAFs (mean= 107248.1182, skewness/ SD= 1.82) were analysed using 

Log-Rank (Mantel Cox), Breslow (Generalised Wilcoxon) and Tarone-Ware tests. The 

survival measurement revealed that patients with higher expression of COL8a1 in tumour 

cells and CAFs have lower survival rate, but this was not significant under Kaplan-Meier 

analyses. Patients with higher and lower expression of COL11a1 in tumour cells have no 

difference in terms of overall survival rate under Kaplan-Meier analyses. The 5-years 

survival rate measurement also showed that patients with higher expression of COL11a1 

in CAFs have lower survival rate than that of patients with lower expression of COL11a1, 

but the difference was not significant under the Kaplan-Meier analyses.  
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 p-value 

Log Rank (Mantel-Cox) *0.022 

Breslow (Generalized Wilcoxon) *0.020 

Tarone-Ware *0.017 

 

Figure 5.20: The Kaplan-Meir plot for overall survival of low and high DDR1 

expression in OPSCC patients.  

Patients with high DDR1 expression have lower 5-years survival rate (33%) than that of 

patients with low DDR1 expression (78%). Strong significance was found between the 

expression of DDR1 with the patients overall survival in Log Rank (Mantel-Cox) 

(p=0.022), Breslow (Generaliased Wilcoxon) (p=0.020) and Tarone-Ware test (p=0.017). 

Blue line represents low DDR1 expression whilst green line represents high DDR1 

expression. Crosses indicate censored patients. * denotes significant p-value (p<0.05). 

Univ
ers

ity
 of

 M
ala

ya



 
 
  

165 

Table 5.8: Multivariate Cox regression analysis of overall survival for DDR1 

expression 

Variables Category 
Multivariate Cox Regression 

HRR 95% CI p-value 

DDR1 protein 
expression 

Low 1.000 - - 

High 3.444E+16 (1.226,9.670E+32) *0.049 

Age group 

20-40 1.000 - - 

41-50 5.801E+33 (0.00,1.470E+088) 0.224 

51-60 2.909E+21 (0.00,9.106E+061) 0.299 

61-70 56831133.21 (0.00,1.391E+22) 0.291 

71-90 1.271E+25 (0.00,1.932E+068) 0.255 

HPV DNA 
ISHHR 

Neg 1.000 - - 

Pos 0.000 (0.00,28365218.96) 0.475 

NA 5.768E+32 (0.00,2.579E+079) 0.169 

p16 

Neg 1.000 - - 

Pos 8.534 (0.00,1.599E+20) 0.925 

NA - - - 

HPV RNAscope 

Neg 1.000 - - 

Pos 69.522 (0.00,7.751E+15) 0.797 

NA 0.000 (0.00,10621165.83) 0.316 

Smoking 

No 0.000 (0.00,5381135286) 0.154 

Yes 1.000 - - 

NA - - - 

Gender 

Male 1.000 - - 

Female 0.000 (0.00,115702.312) 0.257 

NA - - - 
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Table 5.8, continued. 

Variables Category 
Multivariate Cox Regression 

HRR 95% CI p-value 

Risk group 

Low 1.000 - - 

Moderate 0.000 (0.00,1.938) 0.055 

High - - - 

NA - - - 

Tstage 

T0 1.000 - - 

T1 0.000 (0.00,2.922E+35) 0.613 

T2 0.000 (0.00,9.863E+038) 0.708 

NA 1299.961 (0.00,2.637E+044) 0.883 

Nstage 

N1 1.000 - - 

N2 33.036 (0.001,943281.571) 0.504 

NA 0.000 (0.00,4.371) 0.064 

Tos 

0-6 5.938E+22 (0.00,3.957E+053) 0.148 

6-12 1.000 - - 

NA - - - 

Trfs 

0-3 4.946E+26 (0.00,2.906E+064) 0.166 

3.1-9 1.000 - - 

NA 3.177E+13 (0.00,1.808E+042) 0.357 

Multivariate logistic regression analyses was applied to adjust the confounders of age, 
gender, p16, HPV DNA, RNAscope, risk group, smoking, T stage, N stage, Tos and Trfs  

Abbreviation: Neg, negative; Pos, positive; Interm, intermediate; NA, not available; Tos, 
overall survival time; Trfs, recurrence free survival time; HRR= Hazard rate ratio; 
*Indicated significant p-value (p<0.05).   
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5.4 Summary  

This study examined the expression of DDR1, COL8a1 and COLL11a1 in OPSCC 

tissues using Opal Multiplex Immunohistochemistry. Firstly, the expression of COL11a1 

and DDR1 was examined in OPSCCs on the Astellas PredicTr Array 4 and their 

expression correlated with p16 expression alone, followed by combined status of p16 and 

HPV DNA. Co-expression of both proteins was detected in tumours. Significantly higher 

expression of COL11a1 was found in p16-negative OPSCCs. In addition, all the tumours 

that showed high single cell co-expression of DDR1 and COL11a1 were p16-positive, 

whilst low single cell co-expression of DDR1 and COL11a1 was significantly associated 

with p16-negative tumour when samples were stratified by p16 HPV surrogate marker 

alone. Similarly, the low single cell co-expression of DDR1 and COL11a1 was 

significantly associated with p16-negative/ HPV DNA-negative tumours when samples 

were stratified by both p16 and HPV DNA status. No significant difference or association 

of DDR1 expression was found across with groups.   

The expression of DDR1, COL8a1 and COL11a1 was examined in an independent 

cohort of OPSCC tissues and correlations made with the socio-demographic and clinico-

pathological characteristics of the tumours. DDR1 was detected in the malignant 

epithelium and high expression of DDR1 was found to be significantly associated with 

non-smokers, and patients within the moderate and high risk of death groups. Further, 

COL8a1 and COL11a1 were detected in both tumours and CAFs. Low expression of 

COL8a1 in tumours and CAFs was significantly associated with the low risk of death 

group and non-smokers, whilst high expression was significantly associated with regional 

lymph node N1. No significant associations were found between COL11a1 expression in 

tumours or CAFs with the clinico-pathological parameters.  

Univ
ers

ity
 of

 M
ala

ya



 
 
  

168 

Lastly, significantly a lower survival rate was found in patients whose tumours highly 

expressed DDR1. Higher expression of COL8a1 in tumours and CAFs was also observed 

in patients with a lower survival rate, but the association was not statistically significant. 

There was no significant association of COL11a1 with patient survival.
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 CHAPTER 6: THE EXPRESSION OF COLLAGENS AND DDR1 IN 

OSCC  

6.1 Introduction 

The present study is the first to examine the expression of DDR1 and two of its ligands, 

COL8a1 and COL11a1, in HNSCC. In the previous chapter, DDR1 as well as COL8a1 

and COL11a1 were shown to be expressed in OPSCC. To date, there are no published 

data describing the expression of these three proteins in another HNSCC entity, OSCC. 

The results of Chapter 4 demonstrated that DDR1 was up-regulated at both the mRNA 

and protein levels in OSCC cell lines and primary tissues. Notably, The Cancer Genome 

Atlas (TCGA) data also implies that DDR1 is found to be highly expressed at the mRNA 

level in OSCC. Therefore, the present study was extended to examine the expression of 

DDR1, COL8a1 and COL11a1 in a Malaysian OSCC cohort and to investigate potential 

clinical correlation and associations, including risk and prognosis factors, clinico-

pathological parameters and patient survival.  

6.2 Study design and cohort details 

A total of 44 biopsies from OSCC patients were obtained from the Malaysian Oral 

Cancer Database and Tissue Bank System (MOCDTBS) managed by the Oral Cancer 

Research and Coordinating Centre (OCRCC), University of Malaya. The socio-

demographic and clinico-pathological information, including age, gender, risk factor 

exposure, stage, pattern of invasion and metastasis, and patient survival are shown in 

Table 6.1.  

Opal multiplex immunofluorescence staining was performed and the staining 

intensities were digitally scored using the computer-assisted Metamorph Pathology 

Analysis Software and validated by a head and neck pathologist, Dr. Anand Ramanathan 

Univ
ers

ity
 of

 M
ala

ya



 
 
  

170 

(OCRCC, University of Malaya). The H-scores were then used to determine potential 

clinical associations and/or correlations.  

Univ
ers

ity
 of

 M
ala

ya



    

 
 

171 

Table 6.1: Socio-demographic and clinico-pathological parameters of OSCC samples 

        Parameters Characteristic N=44 (%) Parameters Characteristic N=44 (%) Parameters Characteristic N=44 (%) 

Age 

30-50 9 (20.5) Betel 

chewing 

status 

No 15 (34.1)  

Extent of the 

primary 

tumour 

 

T1 6 (13.6) 

51-70 25 (56.8) Yes 20 (45.5) T2 12 (27.3) 

71-90 10 (22.7) No record 9 (20.5) T3 9 (20.5) 

Gender 
Male 13 (29.5) 

Stage 

I 2 (4.5) T4 14 (31.8) 

Female 31 (70.5) II 11 (25.0) No record 3 (6.8) 

Ethnic 

Malay 8 (18.2) III 0 (0.0) Extent of 

regional lymph 

node 

metastasis 

N0 13 (29.5) 

Chinese 9 (20.5) IV 26 (59.1) N1 5 (11.4) 

Indian 27 (61.4) V 0 (0.0) N2 1 (2.3) 

 

Smoking 

No 29 (65.9) No record 5 (11.4) N2B 18 (40.9) 

Yes 3 (6.8) 
Vascular 

invasion 

No 26 (59.1) N2C 1 (2.3) 

No record 12 (27.3) Yes 14 (31.8) N3 1 (2.3) 

 

Survival 

 
 

Alive 8 (18.2) No record 4 (9.1) No record 5 (11.4) 

Deceased 15 (34.1) 
Perineural 

invasion 

Yes 14 (31.8) 
Extra-capsular 

spread 

Yes 14 (31.8) 

Not follow up 2 (4.5) No 28 (63.6) No 28 (63.6) 

No record 19 (43.2) No record 2 (4.5) No record 2 (4.5) 
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Table 6.1, continued. 

Par  Parameters Characteristic N=44 (%) Parameters Characteristic N=44 (%) Parameters Characteristic N=44 (%) 

Drinking 

No 30 (68.2) 

Bone invasion 

Yes 15 (34.1) 
Skip 

metastasis 

Yes 9 (20.5) 

Yes 2 (4.5) No 22 (50.0) No 33 (75) 

No record 12 (27.3) No record 7 (15.9) No record 2 (4.5) 

Grade 

Well 11 (25.0) 

Survival months 

0-20 21 (47.7) 

Tumour 

depth 

1-10mm 15 (34.1) 

Moderate 27 (61.4) 21-40 2 (4.5) 11-20mm 8 (18.2) 

Moderate to 

poor 
1 (2.3) 41-70 2 (4.5) 

21-30mm 4 (9.1) 

Poor 3 (6.8) No record 19 (43.2) 31-40mm 2 (4.5) 

No record 2 (4.5) 

 

No record 15 (34.1) 

Invasive 

Non-cohesive 42 (95.5) 

 Cohesive 1 (2.3) 

No record 1 (2.3) 

 

Abbreviations: N0 (no regional lymph node metastasis); N1 (metastasis in single ipsilateral lymph node, ≤3cm); N2 (metastasis in single ipsilateral 

lymph node, 3-6cm); N2B (metastasis in single ipsilateral lymph node, ≤6cm); N2C (metastasis in bilateral/ contralateral lymph node, ≤6cm); N3 

(metastasis in lymph node >6cm); T1 (tumour ≤2cm); T2 (tumour 2-4cm); T3 (tumour >4cm); T4 (tumour invades adjacent structures such as tongue, 

skin of neck and through cortical bone). 
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6.3 Expression of DDR1 in OSCCs and association with socio-demographic and 

clinico-pathological parameters  

The OSCC tissue sections were first double-stained for Cytokeratin AE1/ AE3 and 

DDR1. Five random hotspots of each case were visualised and the expression at the 

cellular level were scored quantitatively using Metamorph Pathology Analysis Software. 

The results showed that DDR1 was expressed in all OSCC malignant tissues examined. 

Strong positive staining was found to be cytoplasmic and membranous (Figure 6.1).  

The analyses of the expression of DDR1 in Cytokeratin AE1/ AE3 positive cells for 

their association and correlation with socio-demographic and clinico-pathological 

parameters is shown in Table 6.2. The area under curve of a Receiver Operating 

Characteristic Curve (ROC) was above 0.6 (AUC= 0.726). Therefore, the distinct value 

(cut-off= 89189) obtained from the highest specificity and sensitivity ROC (100% 

sensitivity and 46.2% specificity) was used in transforming the obtained DDR1 scoring 

into low and high expression groups (Appendix H). Among the 44 cases, 18 cases (40.9% 

of total cohort) were assigned to the low expression group, whilst 24 cases (54.5% of total 

cohort) fell into the high expression group. 2 cases (4.5% of total cohort) were excluded 

due to defects during staining.  

Cross-tabulation of the DDR1 expression demonstrated higher expression in females, 

Indians, non-smokers, non-drinkers, betel quid chewers, moderate histological grade, 

tumour depth of 1-10mm, no vascular invasion, no perineural invasion and no bone 

invasion, no extracapsullar spread, no skip metastasis and higher expression was found 

in the majority of deceased cases. However, no statistically significant associations and/or 

correlations were found when the relationship between the DDR1 staining with the socio-

demographic and clinico-pathological parameters when tested by statistical approaches 
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including Pearson Chi Square, Spearman Correlation comparisons, Univariate ANOVA, 

Univariate Logistic Regression and Multiple Logistic Regression (Table 6.2).   
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Figure 6.1: Representative images showing cytoplasmic and membranous DDR1 protein expression in OSCC tumour cells.  

Tissues were multiplex-stained with (I) CK AE1/ AE3 (Cy3, red), (II) DDR1 (fluorescein, green) antibodies and (III) DAPI (blue) nuclear counterstain. 

(IV) Combined spectral composite image of CK and DDR1 shows strong DDR1 staining in malignant epithelium at magnification of 60X captured by 

Metamorph Pathology Imaging System (Nikon).
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Table 6.2: Association and correlation between DDR1 protein expression with socio-demographic and clinico-pathological parameters of 
OSCC patients. 

Variables Categories 

DDR1 
Expression (% 
of total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Age 
30-50 7.1 14.3 

0.402 0.836 0.421 
1.00 - - 1.00 - - 

51-70 28.6 26.2 0.458 (0.09,2.29) 0.342 0.00 (0.00,-) 0.999 
71-90 7.1 16.7 1.167 (0.17,8.09) 0.876 0.00 (0.00,-) 0.999 

Gender 
Male 11.9 16.7 

0.921 0.096 0.924 
1.00 - - 1.00 - - 

Female 31.0  40.5 0.934 (0.24,3.63) 0.921 0.00 (0.00,-) 0.999 

Etnic 
Malay  7.1 9.5 

0.941 0.826 0.945 
1.00 - - 1.00 - - 

Chinese 7.1  11.9 1.250 (0.16,9.92) 0.833 0.00 (0.00,-) 0.999 
Indian 28.6 35.7 0.938 (0.18,5.02) 0.940 1.094E+156 (0.00,-) 0.999 

Smoking 
Yes 0.0 7.1 

0.297 0.441 0.313 
1.00 - - 1.00 - - 

No 31.0 35.7 0.00 (0.00,-) 0.999 0.00 (0.00,-) 0.999 
NA 11.9 14.3 0.00 (0.00,-) 0.999 0.00 (0.00,-) 0.999 

Drink 
Yes 0.0 4.8 

0.455 0.557 0.474 
1.00 - - 1.00 - - 

No 31.0 38.1 0.00 (0.00,-) 0.999 0.00 (0.00,-) 0.999 
NA 11.9 14.3 0.00 (0.00,-) 0.999 - - - 

Betel quid 
chewing 

Yes 21.4 26.2 
0.957 0.838 0.960 

1.00 - - 1.00 - - 
No 14.3 21.4 1.227 (0.32,4.77) 0.767 0.00 (0.00,-) 1.000 
NA 7.1  9.5 1.091 (0.19,6.20) 0.922 8.256E+130 (0.00,-) 0.999 

Staging 

Stage I 0.0 4.8 

0.097 0486 0.099 

1.00 - - 1.00 - - 
Stage II 11.9 11.9 0.00 (0.00,-) 0.999 1.108E+275 (0.00,-) 0.999 
Stage IV 31.0 28.6 0.00 (0.00,-) 0.999 - (0.00,-) 0.999 

NA 0.0  11.9 1.00 (0.00,-) 1.000 5.594E+278 (0.00,-) 0.999 

Vascular 
invasion 

No 23.8 33.3 0.662 0.409 0.679 1.40 (0.37,5.27) 0.619 5.371E+33 (0.00,-) 0.999 
Yes 16.7 16.7    1.00 - - 1.00 - - 
NA 2.4 7.1    3.00 (0.25,36.33) 0.388 - (0.00,-) 0.999 
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Table 6.2, continued. 

Variables Categories 

DDR1 
Expression (% 
of total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Histological 
Grade 

Moderate 28.6 33.3 

0.365 0.331 0.390 

1.00 - - 1.00 - - 
Moderate to 

poor 2.4 0.0 0.00 (0.00,-) 1.000 1.068E+257 (0.00,-) 0.999 

Poor 4.8 2.4 0.429 (0.03,5.33) 0.510 0.00 (0.00,-) 0.999 
Well 7.1 16.7 2.000 (0.42,9.49) 0.383 6.772E+146 (0.00,-) 0.999 
NA 0.0 4.8 1384692741 (0.000,-) 0.999 0.00 (0.00,-) 1.000 

Survival state 

Alive 11.9 7.1 

0.626 0.710 0.651 

0.600 (0.03,13.58) 0.748 1.00 - - 
Deceased 14.3 21.4 1.500 (0.08,28.89) 0.788 - - - 

Lost to 
follow up 2.4 2.4 1.00 - - 0.00 (0.00,-) 0.999 

NA 14.3 26.2 1.833 (0.10,34.85) 0.687 0.00 (0.00,-) 1.000 

Extent of 
primary 
tumour 

T1 7.1  7.1 

0.478 0.534 0.508 

1.00 (0.15,6.77) 1.000 0.00 - 0.999 
T2 14.3 14.3 1.00 (0.21,4.67) 1.000 0.00 - 0.999 
T3 4.8 11.9 2.50 (0.36,17.50) 0.356 0.00 - 0.999 
T4 16.7 16.7 1.00 - - 1.00 - - 
NA 0.0 7.1 1615474864 (0.00,-) 0.999 3.844E+094 (0.00,-) 0.999 

Extent of 
regional 

lymph node 
metastasis 

N0 14.3 16.7 

0.283 0.159 0.304 

1.00 - - 1.00 - - 
N1 4.8 4.8 0.857 (0.09,8.08) 0.893 4.681E+191 (0.00,-) 0.999 
N2 2.4 0.0 0.000 (0.00,-) 1.000 317.782 (0.00,-) 1.000 

N2B 21.4 19.0 0.762 (0.18,3.24) 0.713 0.00 (0.00,-) 0.999 
N2C 0.0 2.4 1384692741 (0.00,-) 1.000 0.00 (0.00,-) 0.999 
N3 0.0 2.4 1384692741 (0.00,-) 1.000 0.00 (0.00,-) 0.999 
NA  0.0 11.9 1384692741 (0.00,-) 0.999 - - - 
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Table 6.2, continued. 

Variables Categories 

DDR1 
Expression (% 
of total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Tumour 
depth 

1-10mm 14.3 21.4 

0.411 0.447 0.438 

1.50 (0.08,28.89) 0.788 80763325.43 (0.00,-) 1.000 
11-20mm 9.5 7.1 0.750 (0.03,17.51) 0.858 7.311E+071 (0.00,-) 1.000 
21-30mm 0.0 9.5 1615474864 (0.00,-) 0.999 0.00 (0.00,-) 0.999 
31-40mm 2.4 2.4 1.00 - - 1.00 - - 

NA 16.7 16.7 1.00 (0.05,19.36) 1.00 0.00 (0.00,-) 1.000 

Perineural 
invasion 

No 31.0 33.3 
0.385 0.976 0.403 

0.673 (0.18,2.59) 0.565 2.045E+12 (0.00,-) 1.000 
Yes 11.9 19.0 1.00 - - 1.00 - - 
NA 0.0 4.8 1009671790 (0.00,-) 0.999 0.00 (0.00,-) 1.000 

Bone 
invasion 

No 23.8 26.2 
0.678 0.702 0.695 

1.00 - - 1.00 - - 
Yes 14.3 19.0 1.212 (0.31,4.73) 0.782 - (0.00,-) 0.999 
NA 4.8 11.9 2.273 (0.36,14.45) 0.384 9.630E+205 (0.00,-) 0.999 

Extracapsular 
spread 

No 31.0 33.3 
0.385 0.295 0.403 

0.673 (0.18,2.59) 0.565 0.00 (0.00,-) 1.000 
Yes 11.9 19.0 1.00 - - 1.00 - - 
NA 0.0 4.8 1009671790 (0.00,-) 0.999 - - - 

Skip 
metastasis 

No 33.3 40.5 
0.455 0.536 0.474 

0.971 (0.22,4.32) 0.970 3.027E+203 (0.00,-) 0.999 
Yes 9.5 11.9 1.00 - - 1.00 - - 
NA 0.0 4.8 1292379891 (0.00,-) 0.999 - - - 

Multivariate Logistic Regression analyses was applied to adjust the confounders of age, gender, ethnic, smoking behaviour, drinking behaviour, betel 
quid chewing, staging, grading, survival status, extent of primary tumour, vascular invasion, extent of regional lymph node metastasis, tumour depth, 
perineural invasion and bone invasion, extracapsular spread and skip metastasis. 
Abbreviation: NA, not available; Abbreviations: N0 (no regional lymph node metastasis); N1 (metastasis in single ipsilateral lymph node, ≤3cm); N2 
(metastasis in single ipsilateral lymph node, 3-6cm); N2B (metastasis in single ipsilateral lymph node, ≤6cm); N2C (metastasis in bilateral/ contralateral 
lymph node, ≤6cm); N3 (metastasis in lymph node >6cm); T1 (tumour ≤2cm); T2 (tumour 2-4cm); T3 (tumour >4cm); T4 (tumour invades adjacent 
structures such as tongue, skin of neck and through cortical bone). 
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Survival data were available for 25 OSCC patients. Overall, the follow-up period 

ranged from 1 month to 65 months with a mean of 17 months and a median of 12 months. 

Among the 25 patients, 12 patients (48.0%) had low expression of DDR1, whilst 13 

patients (52.0%) had high DDR1 expression. At last follow-up, 15 patients out of total 25 

total patients (60%) were dead, whilst 10 patients (40%) were alive. Within the low DDR1 

expression group, 6 patients (50% within low expression group) were dead whilst the 

remaining 6 patients (50% within low expression group) were alive. On the other hand, 

within the high DDR1 expression group, 9 patients (69.2% within high expression) were 

dead whilst 4 patients (38.8% within high expression) were alive. High DDR1 expression 

showed the trend of lower overall survival and lower 5-years survival rate (24.5%) 

compared to the low DDR1 expression group (36.0%). However, this comparison was 

not significant under the Log-Rank (Mantel Cox) (p= 0.170), Breslow (Generalised 

Wilcoxon) (p=0.074) and Tarone-Ware test (p=0.102) analyses (Figure 6.2).   
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 Chi-Square df Sig. 
Log Rank (Mantel-Cox) 1.885 1 .170 
Breslow (Generalized 

Wilcoxon) 
3.193 1 .074 

Tarone-Ware 2.672 1 .102 
 

Figure 6.2: Kaplan-Meir plot for Overall Survival of low and high DDR1 expression 

subsets in OSCC patients.  

Patients with high DDR1 expression have lower 5-years survival rate (24.5%) than that 

of patients with low DDR1 expression (36.0%). However, no significant difference was 

found between the expression of DDR1 with the patients’ overall survival in Log Rank 

(Mantel-Cox) test (p=0.170); Breslow (Generalised Wilcoxon) test (p=0.074); and 

Tarone-Ware test (p=0.102). Dashed line represents DDR1 low expression subset whilst 

straight line represents DDR1 high expression counterparts. Crosses indicate censored 

patients.   
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6.4 Expression of COL8a1 and association with socio-demographic and clinico-

pathological parameters of OSCC patients 

6.4.1 COL8a1 in tumour cells 

Serial tissue sections from the same cohort were dual-stained for the presence of 

COL8a1 and the marker of fibroblasts activation, α-SMA. COL8a1 was found to be 

localised to the cytoplasm of the OSCC tumour cells (Figure 6.3). 

The COL8a1 scores from fluorescence multiplex staining were transformed and 

recoded into low and high expression of COL8a1 in tumours by using the cut-off value 

(cut-off= 5008.5) obtained from Receiver Operating Characteristic Curve (AUC= 0.679) 

with the highest value of specificity and sensitive (85.7% sensitivity and 53.8% 

specificity) based on bone invasion status (Appendix I). Among the 44 cases, 16 cases 

(36.4% of total cohort) were recoded into low expression group whilst 24 cases (54.5% 

of total cohort) fell in high expression group. The remaining 4 cases (9.1% of total cohort) 

were excluded cases where the tissues were damaged after staining.  

The majority of patients still alive had lower expression of COL8a1 in tumours (12.5% 

of total cohort) compared to higher expression of COL8a1 (5.0% of total cohort) (Pearson 

Chi Square, p=0.04; Univariate ANOVA, p= 0.036). Higher expression of COL8a1 in 

tumours was also found in patients with bone invasion (Pearson Chi Square, p=0.04; 

Univariate ANOVA, p=0.039; Logistic Regression, p=0.018), tumour of depth from 1-

10mm (Pearson Chi Square, p=0.01; Univariate ANOVA, p=0.006). Patients with tumour 

extent of 2cm to 4cm showed lower expression of COL8a1 (Logistic Regression, 

p=0.040). There was no significant difference of the survival rates under the Kaplan-

Meier Survival analysis.
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Figure 6.3: Representative images showing cytoplasmic COL8a1 protein expression in OSCC tumours.  

The tumour cells expressed (II) COL8a1 (Fluorescein, green) when multiplex-stained with the (I) activated-CAFs marker, α-SMA (Cy3, red) and (III) 

DAPI (blue) nuclear counterstain. (IV) Combined spectral composite image of α-SMA and COL8a1 shows strong COL8a1 staining in malignant 

epithelium at magnification of 60X captured by Metamorph Pathology Imaging System (Nikon).  

I II 

III IV 

Univ
ers

ity
 of

 M
ala

ya



    

 

 

183 

Table 6.3: Association and correlation between COL8a1 protein expression in tumour cells with socio-demographic and clinico-
pathological parameters of OSCC patients. 

Variables Categories 

COL8a1 
Expression (% 
of total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic 
Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% 

CI 
p-

value 

Age 
30-50 10.0 12.5 

0.883 0.641 0.891 
1.00 - - - - - 

51-70 22.5 32.5 1.156 (0.24,5.53) 0.856 - - - 
71-90 7.5 15.0 1.600 (0.25,10.81) 0.630 - - - 

Gender Male 12.5 17.5 0.888 0.891 0.891 1.00 - - - - - 
Female 27.5 42.5 1.104 (0.28,4.37) 0.888 - - - 

Etnic Malay 7.5 10.0 
0.461 0.359 0.482 

1.00 - - - - - 
Chinese 5.0 17.5 2.625 (0.30,23.0) 0.383 - - - 
Indian 27.5 32.5 0.886 (0.16,4.85) 0.889 - - - 

Smoking No 27.5 40.0 
0.519 0.312 0.540 

2.909 (0.23,36.16) 0.406 - - - 
Yes 5.0 2.5 1.00 - - - - - 
NA 7.5 17.5 4.667 (0.30,73.38) 0.273 - - - 

Drink No 27.5 42.5 
0.181 0.206 0.191 

2496640696 (0.00,-) 0.999 - - - 
Yes 5.0 0.0 1.00 - - - - - 
NA 7.5 17.5 3769437913 (0.00,-) 0.999 - - - 

Betel quid 
chewing 

No 15.0 22.5 
0.262 0.141 0.277 

1.500 (0.38,6.00) 0.566 - - - 
Yes 22.5 22.5 1.00 - - - - - 
NA 2.5 15.0 6.00 (0.60,60.44) 0.128 - - - 

Staging 

Stage I 2.5  2.5 

0.610 0.222 0.636 

1.00 - - - - - 
Stage II 12.5 10.0 0.800 (0.04,17.20) 0.887 - - - 

Stage IV A 0.0 0.0 2.125 (0.12,38.48) 0.610 - - - 
NA 5.0 5.0 1.00 (0.03,29.81) 1.000 - - - 
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Table 6.3, continued. 

Variables Categories 

COL8a1 
Expression (% 
of total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic 
Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% 

CI 
p-

value 

Histological 
Grade 

Moderate 20.0 40.0 

0.457 0.288 0.489 

1.00 - - - - - 
Moderate 
to poor 

2.5 0.0 0.00 (0.00,-) 1.000 - - - 

Poor 2.5 5.0 1.00 (0.08,12.76) 1.000 - - - 
Well 12.5 15.0 0.60 (0.14,2.58) 0.493 - - - 
NA 2.5 0.0 0.00 (0.00,-) 1.000 - - - 

Survival state 

Alive 12.5 5.0 

*0.040 0.184 *0.036 

1.00 - - 1.00 - - 
Deceased 20.0 17.5 2.188 (0.318,15.044) 0.426 5.565E+15 (0.00,-) 0.998 

Lost to 
follow up 

0.0 5.0 4038687161 (0.00,-) 0.999 7.104E+14 (0.00,-) 0.999 

NA 7.5 32.5 10.833 (1.37,85.44) 0.024 2.225E+046 (0.00,-) 0.995 

Extent of 
primary 
tumour 

T1 5.0 10.0 

0.309 0.172 0.332 

0.545 (0.07,4.56) 0.576 4.912E+16 (0.00,-) 0.999 
T2 17.5 10.0 0.156 (0.03,0.92) *0.040 0.294 (0.00,-) 1.000 
T3 7.5 10.0 0.364 (0.05,2.60) 0.314 0.00 (0.00,-) 1.000 
T4 7.5 27.5 1.00 - - 1.00 - - 
NA 2.5  2.5 0.273 (0.01,5.77) 1.000 0.00 (0.00,-) 1.000 

Extent of 
regional lymph 

node 
metastasis 

N0 10.0 20.0 

0.757 0.528 0.796 

1.00 - - - - - 
N1 5.0 5.0 0.500 (0.05,4.98) 0.554 - - - 
N2 0.0 2.5 807737432.1 (0.00,-) 1.000 - - - 

N2B 17.5 25.0 0.714 (0.15,3.33) 0.669 - - - 
N2C 0.0 2.5 807737432.1 (0.00,-) 1.000 - - - 
N3 2.5 0.0 0.00 (0.00,-) 1.000 - - - 
NA 5.0 5.0 0.500 (0.05,4.98) 0.554 - - - 
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Table 6.3, continued. 

Variables Categories 

COL8a1 
Expression (% of 

total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic 
Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% 

CI 
p-

value 

Vascular 
invasion 

No 22.5 35.0 
0.746 0.488 0.761 

1.333 (0.34,5.27) 0.682 - - - 
Yes 15.0 17.5 1.00 - - - - - 
NA  2.5 7.5 2.571 (0.21,31.71) 0.461 - - - 

Tumour depth 

1-10mm 7.5 25.0 

*0.010 0.053 *0.006 

5384923212 (0.00,-) 0.999 6.928E+31 (0.00,-) 0.998 
11-20mm 0.0 15.0 2.610E+18 (0.00,-) 0.999 1.535E+078 (0.00,-) 0.996 
21-30mm 2.5 7.5 4846430891 (0.00,-) 0.999 2.439E+24 (0.00,-) 0.998 
31-40mm 5.0 0.0 1.00 - - 1.00 - - 

NA 25.0 12.5 807738481.8 (0.00,-) 0.999 1.030E+045 (0.00,-) 0.998 

Perineural 
invasion 

No 25.0 37.5 
0.953 0.836 0.956 

0.938 (0.24,3.71) 0.927 - - - 
Yes 12.5 20.0 1.00 - - - - - 
NA 2.5 2.5 0.625 (0.03,12.41) 0.758 - - - 

Bone invasion 
No  27.5 20.0 

*0.040 0.062 *0.039 
1.00 - - 1.00 - - 

Yes 5.0 30.0 8.250 (1.43,47.58) *0.018 8.792E+21 (0.00,-) 0.999 
NA 7.5 10.0 1.833 (0.32,10.57) 0.498 3.637E+18 (0.00,-) 1.000 

Extracapsular 
spread 

No 22.5 37.5 
0.908 0.875 0.090 

1.250 (0.33,4.79) 0.745 - - - 
Yes 15.0 20.0 1.00 - - - - - 
NA 2.5 2.5 0.750 (0.04,14.58) 0.849 - - - 
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Table 6.3, continued. 

Variables Categories 

COL8a1 
Expression (% of 

total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic 
Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% 

CI 
p-

value 

Skip 
metastasis 

No 27.5 45.0 
0.901 0.876 0.908 

1.309 (0.29,5.95) 0.727 - - - 
Yes 10.0 12.5 1.00 - - - - - 
NA 2.5 2.5 0.800 (0.04,17.20) 0.887 - - - 

  

The parameter covariance matrix of all confounders cannot be computed, Multivariate Logistic Regression analyses was applied to adjust the selected 

confounders of survival status, extent of primary tumour, tumour depth and bone invasion which were significant either in Pearson Chi Square, Spearman 

correlation, Univariate ANOVA and Univariate Logistic Regression. 

Abbreviation: NA, not available Abbreviation: NA, not available; Abbreviations: N0 (no regional lymph node metastasis); N1 (metastasis in single 

ipsilateral lymph node, ≤3cm); N2 (metastasis in single ipsilateral lymph node, 3-6cm); N2B (metastasis in single ipsilateral lymph node, ≤6cm); N2C 

(metastasis in bilateral/ contralateral lymph node, ≤6cm); N3 (metastasis in lymph node >6cm); T1 (tumour ≤2cm); T2 (tumour 2-4cm); T3 

(tumour >4cm); T4 (tumour invades adjacent structures such as tongue, skin of neck and through cortical bone) 

* denotes significant p-value, p<0.05.
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6.4.2 COL8a1 in CAFs 

COL8a1 was found to be co-expressed with α-SMA in the CAFs associated with 

OSCC and the protein was localised in the nuclei and cytoplasm (Figure 6.4). The scores 

of COL8a1 in CAFs were transformed and recoded into low and high expression by using 

the cut-off value (cut-off= 14712.5) obtained from Receiver Operating Characteristic 

Curve (AUC= 0.634) with the highest value of specificity and sensitive (77.8% sensitivity 

and 51.6% specificity) based on skip metastasis status (Appendix J). Cross-tabulation of 

the COL8a1 expression in CAFs also demonstrated that higher expression was seen in 

the patients who did not smoke, non-drinker, female, stage IV cancer, tumour invaded 

adjacent structures, metastasized in a single lateral lymph node less than 6cm, moderate 

histological grade, no bone invasion, no encapsulated spread, no skip metastasis and with 

deceased outcome. On the other hand, low expression was detected in patients with no 

vascular invasion and no perineural invasion (Table 6.4). However, none of these 

parameters were significant under statistical analyses. Similarly, there was no significant 

association between COL8a1 expression in CAFs and survival under the Kaplan-Meier 

Survival analyses.
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Figure 6.4: Representative images showing cytoplasmic and nuclear COL8a1 expression in OSCC CAFs.  

Tissues were multiplex-stained with (I) activated-CAFs marker, α-SMA (Cy3, red), (II) COL8a1 (fluorescein, green) antibodies and (III) DAPI (blue) 

nuclear counterstain. (IV) Combined spectral composite image of α-SMA and COL8a1 shows strong COL8a1 staining in activated-CAFs at 

magnification of 60X captured by Metamorph Pathology Imaging System (Nikon).    
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Table 6.4: Association and correlation between COL8a1 protein expression in CAFs with socio-demographic and clinico-pathological 
parameters of OSCC patients. 

Variables Categories 

COL8a1 
Expression 
(% of total 

cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Age 
30-50 5.0 17.5 

0.285 0.163 0.301 
1.000 - - - - - 

51-70 27.5 27.5 0.286 (0.05,1.69) 0.168 - - - 
71-90 12.5 10.0 0.229 (0.03,1.77) 0.158 - - - 

Gender Male 12.5 17.5 0.781 0.788 0.788 1.000 - - - - - 
Female 32.5 37.5 0.824 (0.21,3.23) 0.782 - - - 

Etnic 
Malay 7.5 10.0 

0.687 0.648 0.704 
1.000 - - - - - 

Chinese 30.0 30.0 1.500 (0.20,11.54) 0.697 - - - 
Indian 7.5 15.0 0.750 (0.14,4.10) 0.740 - - - 

Smoking 
No 27.5 40.0 

0.648 0.987 0.666 
2.910 (0.23,36.16) 0.406 - - - 

Yes 5.0 2.5 1.000 - - - - - 
NA 12.5 12.5 2.000 (0.13,29.81) 0.615 - - - 

Drink 
No 27.5 42.5 

0.233 0.816 0.247 
2496640520 (0.00,-) 0.999 - - - 

Yes 5.0 0.0 1.000 - - - - - 
NA 12.5 12.5 1615473278 (0.00,-) 0.999 - - - 

Betel Quid 
Chewing 

No 10.0 27.5 
0.140 0.147 0.147 

4.321 (0.98,19.09) 0.054 - - - 
Yes 27.5 17.5 1.000 - - - - - 
NA 7.5 10.0 2.095 (0.36,12.32) 0.413 - - - 

Staging 

Stage I 2.5 2.5 

0.631 0.620 0.657 

1.000 - - - - - 
Stage II 10.0 12.5 1.250 (0.06,26.87) 0.887 - - - 
Stage IV 25.0 37.5 1.500 (0.08,26.86) 0.783 - - - 

NA 7.5 2.5 0.333 (0.01,11.94) 0.547 - - - 
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Table 6.4, continued. 

Variables Categories 

COL8a1 
Expression 
(% of total 

cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Histological 
Grade 

Moderate 22.5 37.5 

0.469 0.200 0.501 

1.000 - - - - - 
Moderate 
to poor 

0.0 2.5 969284918.6 (0.00,-) 1.000 - - - 

Poor 5.0 2.5 0.300 (0.02,3.80) 0.353 - - - 
Well 15.0 12.5 0.500 (0.12,2.12) 0.348 - - - 
NA 2.5 0.0 0.000 (0.00,-) 1.000 - - - 

Survival state 

Alive 10.0 7.5 

0.556 0.722 0.583 

1.000 - - 1.000   
Deceased 17.5 20.0 1.524 (0.25,9.30) 0.648 12.753 (0.39,419.33) 0.153 

Lost to 
follow up 

0.0 5.0 2153966488 (0.00,-) 0.999 19186329629 (0.00,-) 0.999 

NA 17.5 22.5 1.714 (0.29,10.30) 0.556 263.443 (2.61,26546.94) 0.018 

Extent of 
primary 
tumour 

T1 2.5 12.5 

0.353 0.647 0.379 

5.000 (0.46,54.51) 0.187 88.744 (0.52,15207.32) 0.087 
T2 17.5 10.0 0.571 (0.11,2.87) 0.497 1.321 (0.03,63.00) 0.888 
T3 5.0 12.5 2.500 (0.36,17.50) 0.356 16.484 (0.18,1497.47) 0.223 
T4 17.5 17.5 1.000 - - 1.000 - - 
NA 2.5 2.5 1.000 (0.05,19.36) 1.000 0.000 (0.00,-) 1.000 

Extent of 
regional 

lymph node 
metastasis 

N0 12.5 17.5 

0.479 0.420 0.520 

1.000 - - - - - 
N1 2.5 7.5 2.143 (0.17,27.10) 0.556 - - - 
N2 2.5 0.0 0.000 (0.00,-) 1.000 - - - 

N2B 17.5 25.0 1.020 (0.23,4.57) 0.979 - - - 
N2C 0.0 2.5 1153910618 (0.00,-) 1.000 - - - 
N3 2.5 0.0 0.000 (0.00,-) 1.000 - - - 
NA 7.5 2.5 0.238 (0.02,3.01) 0.268 - - - 
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Table 6.4, continued. 

Variables Categories 

COL8a1 
Expression 
(% of total 

cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Vascular 
invasion 

No 30.0 27.5 
0.509 0.892 0.530 

0.573 (0.14,2.29) 0.431 - - - 
Yes 12.5 20.0 1.000 - - - - - 
NA 2.5 7.5 1.875 (0.15,23.40) 0.625 - - - 

Tumour 
depth 

1-10mm 17.5 15.0 

0.408 0.748 0.437 

1384691006 (0.00,-) 0.999 17153752103 (0.00,-) 0.999 
11-20mm  5.0 10.0 3230945681 (0.00,-) 0.999 1241053254 (0.00,-) 0.999 
21-30mm 2.5 7.5 4846418522 (0.00,-) 0.999 29228286960 (0.00,-) 0.999 
31-40mm 5.0 0.0 1.000 - - 1.000 - - 

NA 15.0 22.5 2423209261 (0.00,-) 0.999 29277641684 (0.00,-) 0.999 

Perineural 
invasion 

No 35.0 27.5 
0.152 0.075 0.160 

0.236 (0.05,1.07) 0.061 - - - 
Yes 7.5 25.0 1.000 - - - - - 
NA 2.5 2.5 0.300 (0.01,6.38) 0.440 - - - 

Bone 
invasion 

No  22.5 25.0 
0.960 0.931 0.963 

1.000 - - 1.000 - - 
Yes 15.0 20.0 1.200 (0.30,4.82) 0.797 2.284 (0.04,147.56) 0.698 
NA 7.5 10.0 1.200 (0.21,6.88) 0.838 0.694 (0.01,77.31) 0.879 

Extracapsular 
spread 

No 22.5 37.5 
0.497 0.374 0.517 

2.222 (0.58,8.51) 0.244 - - - 
Yes 20.0 15.0 1.000 - - - - - 
NA 2.5 2.5 1.333 (0.07,25.91) 0.849 - - - 
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Table 6.4, continued. 

Variables Categories 

COL8a1 
Expression 
(% of total 

cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% CI p-

value 

Skip 
metastasis 

No 37.5 35.0 
0.296 0.161 0.313 

0.267 (0.05,1.51) 0.135 - - - 
Yes 5.0 17.5 1.000 - - - - - 
NA 2.5 2.5 0.286 (0.01,6.91) 0.441 - - - 

 

The parameter covariance matrix of all confounders cannot be computed, Multivariate Logistic Regression analyses was applied to adjust the selected 

confounders of survival status, extent of primary tumour, tumour depth and bone invasion which were significantly associated with COL8a1 in tumour 

either in Pearson Chi Square, Spearman correlation, Univariate ANOVA and Univariate Logistic Regression.  

Abbreviation: NA, not available Abbreviation: NA, not available; Abbreviations: N0 (no regional lymph node metastasis); N1 (metastasis in single 

ipsilateral lymph node, ≤3cm); N2 (metastasis in single ipsilateral lymph node, 3-6cm); N2B (metastasis in single ipsilateral lymph node, ≤6cm); N2C 

(metastasis in bilateral/ contralateral lymph node, ≤6cm); N3 (metastasis in lymph node >6cm); T1 (tumour ≤2cm); T2 (tumour 2-4cm); T3 

(tumour >4cm); T4 (tumour invades adjacent structures such as tongue, skin of neck and through cortical bone) 

* denotes significant p-value, p<0.05.   Univ
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6.5 Expression of COL11a1 and association with socio-demographic and clinico-

pathological parameters of OSCC patients 

6.5.1 COL11a1 in tumour cells 

The tissue sections from the same cohort were dual-stained for the presence of another 

collagen subtype, COL11a1, and the marker of fibroblasts activation, α-SMA. The 

COL11a1 protein was found to be expressed in the OSCC tumour cells and expression 

was localised in the cytoplasm (Figure 6.5). 

The area under curve of a Receiver Operating Characteristic Curve was below 0.6 and 

the skewness divided by standard deviation was less than 1.98 (skewness/ SD=-0.288) 

suggesting that the population was normally distributed. Therefore, the mean (μ= 

100981.44) was used as the cut-off value in transforming the obtained COL11a1 scoring 

from fluorescence multiplex staining into low and high expression groups. Among the 44 

cases, 17 cases (38.6% of total cohort) were recoded into the low expression group, whilst 

22 cases (50.0% of total cohort) fell into the high expression group. The remaining 5 cases 

(11.4% of total cohort) were damaged during staining.   

Cross-tabulation revealed higher expression of COL11a1 in patients aged between 51 

to 70 years old, females, Indians, non-drinkers, non-smokers, tumours invading adjacent 

structures, betel quid chewers and patients with deceased outcome. Interestingly, high 

expression of COL11a1 was also seen in tumours of showing no regional lymph node 

metatstasis, no vascular and perineural invasion, no extracapsular spread and no skip 

metastasis. Lower expression was found in Stage IV tumours. However, the association 

and correlation of these factors were all not significant in the Pearson Chi Square and 

Spearman Correlation analyses, Univariate ANOVA, Logistic Regression and Multiple 

Logistic Regression. There was also no significant association between COL11a1 

expression in tumour cells and survival rates under the Kaplan-Meier Survival analysis. 
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Figure 6.5: Representative images showing cytoplasmic COL11a1 protein expression in OSCC tumours.  

The tumour cells (region indicated by arrows) expressed (II) COL11a1 (Fluorescein, green) when multiplex-stained with the (I) activated-CAFs marker, 

α-SMA (Cy3, red) and (III) DAPI (blue) nuclear counterstain. (IV) Combined spectral composite image of α-SMA and COL11a1 shows strong COL11a1 

staining in malignant epithelium at magnification of 60X captured by Metamorph Pathology Imaging System (Nikon). 
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Table 6.5: Association and correlation between COL11a1 protein expression in tumour cells with socio-demographic and clinico-
pathological parameters of OSCC patients. 

Variables Categories 

COL11a1 
Expression (% of 

total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic 
Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% 

CI 
p-

value 

Age 
30-50 10.3 10.3 

0.905 0.840 0.911 
1.000 - - 1.000 - - 

51-70 23.1 33.3 1.444 (0.28,7.34) 0.658 0.000 (0.00,-) 0.999 
71-90 10.3 12.8 1.250 (0.19,8.44) 0.819 0.000 (0.00,-) 0.999 

Gender Male 12.8 17.9 0.872 0.876 0.876 1.000 - - 1.000 - - 
Female 30.8 38.5 0.893 (0.23,3.54) 0.872 - (0.00,-) 0.999 

Etnic 
Malay 7.7 10.3 

0.247 0.293 0.262 
1.000 - - 1.000 - - 

Chinese 12.8 5.1 0.300 (0.03,2.76) 0.288 0.000 (0.00,-) 0.999 
Indian 23.1  41.0 1.333 (0.24,7.34) 0.741 - (0.00,-) 0.999 

Smoking 
No 28.2 43.6 

0.472 0.256 0.493 
0.773 (0.06,9.58) 0.841 0.000 (0.00,-) 0.999 

Yes 2.6 5.1 1.000 - - 1.000 - - 
NA 12.8 7.7 0.300 (0.02,4.91) 0.398 0.000 (0.00,-) 0.999 

Drink 
No 28.2 46.2 

0.455 0.340 0.476 
1.636 (0.09,28.90) 0.737 0.000 (0.00,-) 0.999 

Yes 2.6 2.6 1.000 - - 1.000 - - 
NA 12.8 7.7 0.600 (0.03,13.58) 0.748 - - - 

Betel Quid 
Chewing 

No 15.4 17.9 
0.635 0.361 0.654 

0.681 (0.16,2.86) 0.599 0.000 (0.00,-) 0.999 
Yes  17.9 30.8 1.000 - - 1.000 - - 
NA 10.3 7.7 0.438 (0.08,2.55) 0.358 - (0.00,-) 0.999 

Staging 

Stage I 0.0 5.1 

0.319 0.096 0.340 

1.000 - - 1.000 - - 
Stage II 7.7 17.9 0.00 (0.00,-) 0.999 0.000 (0.00,-) 0.999 
Stage IV 33.3 28.2 0.00 (0.00,-) 0.999 0.000 (0.00,-) 0.999 

NA 2.6 5.10 0.00 (0.00,-) 0.999 0.000 (0.00,-) 0.999 
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Table 6.5, continued. 

Variables Categories 

COL11a1 
Expression (% of 

total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic 
Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% 

CI 
p-

value 

Histological 
Grade 

Moderate 30.8 30.8 

0.474 0.281 0.506 

1.000 - - 1.000 - - 
Moderate 
to poor 

2.6 0.0 0.00 (0.00,-) 1.000 - (0.00,-) 0.999 

Poor 2.6 5.1 2.000 (0.16,25.12) 0.591 - (0.00,-) 0.999 
Well 5.1 17.9 3.500 (0.60,20.41) 0.164 - (0.00,-) 0.999 
NA 2.6 2.6 1.000 (0.06,17.90) 1.000 0.000 (0.00,-) 0.999 

Survival state 

Alive 2.6 15.4 

0.062 0.065 0.061 

1.000 - - 1.00 - - 
Deceased 15.4 23.1 0.250 (0.02,2.64) 0.249 - - - 

Lost to 
follow up 

0.0 5.1 269245810.7 (0.00,-) 0.999 - - - 

NA 25.6 12.8 0.083 (0.01,0.90) 0.040 0.000 (0.00,-) 0.999 

Extent of 
primary tumour 

T1 2.6 7.7 

0.805 0.696 0.830 

1.667 (0.14,20.58) 0.690 - (0.00,-) 0.999 
T2 15.4 12.8 0.463 (0.09,2.32) 0.350 - (0.00,-) 0.999 
T3 10.3 10.3 0.556 (0.10,3.25) 0.514 - (0.00,-) 0.999 
T4 12.8 23.1 1.000 - - 1.000 - - 
NA 2.6 2.6 0.556 (0.03,10.93) 0.699 0.000 (0.00,-) 0.999 

Extent of 
regional lymph 
node metastasis 

N0 7.7 25.6 

0.250 0.062 0.268 

1.000 - - 1.000 - - 
N1 2.6 7.7 0.900 (0.07,12.18) 0.937 - (0.00,-) 0.999 
N2  2.6 0.0 0.000 (0.00,-) 1.000 0.000 (0.00,-) 0.999 

N2B 23.1 17.9 0.233 (0.05,1.19) 0.079 0.000 (0.00,-) 0.999 
N2C 2.6 0.0 0.000 (0.00,-) 1.000 0.000 (0.00,-) 0.999 
N3  2.6 0.0 0.000 (0.00,-) 1.000 0.000 (0.00,-) 0.999 
NA 2.6 5.1 0.600 (0.04,9.16) 0.713 - - - 
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Table 6.5, continued. 

Variables Categories 

COL11a1 
Expression (% of 

total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic 
Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% 

CI 
p-

value 

Vascular 
invasion 

No 28.2 30.8 
0.688 0.426 0.706 

0.545 (0.13,2.33) 0.413 0.000 (0.00,-) 0.999 
Yes 10.3 20.5 1.000 - - 1.000 - - 
NA 5.1 5.1 0.500 (0.05,4.98) 0.554 - (0.00,-) 0.999 

Tumour depth 

1-10mm 17.9 17.9 

0.396 0.738 0.425 

1615478350 (0.00,-) 1.000 - (0.00,-) 0.999 
11-20mm 2.6 15.4 9692870099 (0.00,-) 1.000 - (0.00,-) 0.999 
21-30mm 5.1 5.1 1615478350 (0.00,-) 1.000 0.000 (0.00,-) 0.999 
31-40mm 2.6 0.0 1.000 - - 1.000 - - 

NA 15.4 17.9 1884724741 (0.00,-) 1.000 - (0.00,-) 0.999 

Perineural 
invasion 

No 30.8 35.9 
0.845 0.578 0.856 

0.667 (0.16,2.84) 0.584 2.231E+278 (0.00,-) 0.999 
Yes 10.3 17.9 1.000 - - 1.000 - - 
NA 2.6  2.6 0.571 (0.03,11.85) 0.718 - - - 

Bone invasion 
No  23.1 25.6 

0.882 0.762 0.890 
1.000 - - 1.000 - - 

Yes 12.8 20.5 1.440 (0.34,6.05) 0.618 - (0.00,-) 0.999 
NA 7.7 10.3 1.200 (0.21,6.88) 0.838 - (0.00,-) 0.999 

Extracapsular 
spread 

No 23.1 38.5 
0.621 0.453 0.641 

1.944 (0.50,7.64) 0.341 0.00 (0.00,-) 0.999 
Yes 17.9 15.4 1.000 - - - - - 
NA 2.6 2.6 1.167 (0.06,22.94) 0.919 - - - 
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Table 6.5, continued. 

Variables Categories 

COL11a1 
Expression (% of 

total cohort) 

Pearson 
Chi 

Square 
Spearman Univariate 

ANOVA Univariate Logistic Regression Multiple Logistic 
Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% 

CI 
p-

value 

Skip metastasis 
Yes 5.1 15.4 

0.492 0.279 0.514 
1.000 - - - - - 

No 35.9 38.5 0.357 (0.06,2.07) 0.251 - - - 
NA 2.6 2.6 0.333 (0.01,8.18) 0.501 - - - 

The parameter covariance matrix of all confounders cannot be computed, Multivariate Logistic Regression analyses was applied to adjust the confounders 

of age, gender, ethnic, smoking behaviour, drinking behaviour, betel quid chewing, staging, grading, extent of primary tumour, vascular invasion, extent 

of regional lymph node metastasis, tumour depth, perineural invasion and bone invasion, extracapsullar spread and survival status. 

Abbreviation: NA, not available Abbreviation: NA, not available; Abbreviations: N0 (no regional lymph node metastasis); N1 (metastasis in single 

ipsilateral lymph node, ≤3cm); N2 (metastasis in single ipsilateral lymph node, 3-6cm); N2B (metastasis in single ipsilateral lymph node, ≤6cm); N2C 

(metastasis in bilateral/ contralateral lymph node, ≤6cm); N3 (metastasis in lymph node >6cm); T1 (tumour ≤2cm); T2 (tumour 2-4cm); T3 

(tumour >4cm); T4 (tumour invades adjacent structures such as tongue, skin of neck and through cortical bone) 

* denotes significant p-value, p<0.05. 
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6.5.2 COL11a1 in CAFs 

COL11a1 also found to be expressed and localised in the nucleus and cytoplasm of 

CAFs associated with OSCC (Figure 6.6). The scoring of COL11a1 in CAFs were 

transformed and recoded into low and high expression by using the cut-off value (cut-

off= 15267.5) obtained from Receiver Operating Characteristic Curve (AUC= 0.718) 

with the highest value of specificity and sensitive (100% sensitivity and 35% specificity) 

based on betel quid chewing status (Appendix K). Cross-tabulation of the COL11a1 

expression in CAFs indicated high expressed in patients aged between 51 to 70 years old, 

females, Indians, non-smokers, non-drinkers, betel quid chewers, stage IV cancer, tumour 

size ranging from 1-10mm, moderate histological grade, tumour invaded adjacent 

structures, metastasized in a single ipsilateral lymph node less than 6cm, no vascular 

invasion, no perineural invasion and no bone invasion, no encapsulated spread, no skip 

metastasis and patients with deceased outcome. Among these clinico-pathological 

parameters, those that have significant association were Indian ethnicity (Pearson Chi 

Square, p=0.004; Univariate ANOVA, p=0.002), females (Pearson Chi Square, p=0.010; 

Spearman Correlation comparisons, p=0.009; Univariate ANOVA, p=0.009; Logistic 

Regression, p=0.020) and betel quid chewing behaviour (Pearson Chi Square, p=0.015; 

Spearman Correlation comparisons, p=0.011; Univariate ANOVA,p=0.013). However, 

none of these parameters was significant when Multivariate Logistic Regression analyses 

were applied to adjust for the confounders. Lastly, similarly to the COL11a1 expression 

in tumours, no significant association between the expression of COL11a1 in CAFs and 

survival was observed under the Kaplan-Meier Survival analyses. 
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Figure 6.6: Representative images showing cytoplasmic and nuclei COL11a1 protein expression in OSCC CAFs.  

Tissues were multiplex-stained with (I) activated-CAFs marker, α-SMA (Cy3, red), (II) COL11a1 (fluorescein, green) antibodies and (III) DAPI (blue) 

nuclear counterstain. (IV) Combined spectral composite image of α-SMA and COL11a1 shows strong COL11a1 staining in activated-CAFs at 

magnification of 60X captured by Metamorph Pathology Imaging System (Nikon).
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Table 6.6: Association and correlation between COL11a1 protein expression in CAFs with socio-demographic and clinico-pathological 
parameters of OSCC patients. 

Variables Categories 

COL11a1 
Expression 
(% of total 

cohort) 

Pearson 
Chi 

Square 

Spearma
n 

Univariate 
ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% 

CI 
p-

value 

Age 
30-50 7.7 12.8 

0.186 0.481 0.198 
1.000 - - 1.000 - - 

51-70 5.1 51.3 6.000 (0.78,46.14) 0.085 81015949.01 (0.00,-) 1.000 
71-90 5.1 17.9 2.100 (0.25,17.59) 0.494 0.000 (0.00,-) 1.000 

Gender Male 12.8 17.9 *0.010 *0.009 *0.009 1.000 - - 1.000 - - 
Female 5.1 64.1 8.929 (1.42,56.31) *0.020 0.000 (0.00,-) 1.000 

Ethnic 
Malay 5.1 12.8 

*0.004 0.172 *0.002 
1.000 - - 1.000 - - 

Chinese 10.3 7.7 0.300 (0.03,2.76) 0.288 0.000 (0.00,-) 0.999 
Indian 2.6 61.5 9.600 (0.72,127.53) 0.087 1.227E+21 (0.00,-) 0.999 

Smoking 
No 12.8 59.0 

0.725 0.493 0.741 
2.300 (0.17,30.60) 0.528 1.090E+14 (0.00,-) 1.000 

Yes 2.6 5.1 1.000 - - 1.000 - - 
NA 2.6 17.9 3.500 (0.15,84.69) 0.441 2.313E+054 (0.00,-) 0.999 

Drink 
No 12.8 61.5 

0.457 0.394 0.742 
4.800 (0.26,90.30) 0.295 698830416.8 (0.00,-) 1.000 

Yes 2.6 2.6 1.000 - - 1.000 - - 
NA 2.6 17.9 7.000 (0.22,226.01) 0.272 - - - 

Betel Quid 
Chewing 

No 12.8 20.5 
*0.015 *0.011 *0.013 

0.000 (0.00,-) 0.998 1785261.8 (0.00,-) 1.000 
Yes 0.0 48.7 1.000 - - 1.000 - - 
NA 5.1 12.8 0.000 (0.00,-) 0.998 0.000 (0.00,-) 1.000 

Staging 

Stage I 0.0 5.1 

0.739 0.442 0.762 

1.000 - - 1.000 - - 
Stage II 5.1 20.5 0.000 (0.00,-) 0.999 0.000 (0.00,-) 1.000 
Stage IV 12.8 48.7 0.000 (0.00,-) 0.999 0.000 (0.00,-) 1.000 

NA 0.0 7.7 1.000 (0.00,-) 1.000 2.880E+20 (0.00,-) 1.000 
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Table 6.6, continued. 

Variables Categories 

COL11a1 
Expression 
(% of total 

cohort) 

Pearson 
Chi 

Square 

Spearma
n 

Univariate 
ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% 

CI 
p-

value 

Histologica
l Grade 

Moderate 15.4 46.2 

0.077 0.092 0.074 

1.000 - - - - - 
Moderate to 

poor 
2.6 0.0 0.000 (0.00,-) 1.000 - - - 

Poor 0.0  7.7 538491621.4 (0.00,-) 0.999 - - - 
Well 0.0 23.1 538491621.4 (0.00,-) 0.999 - - - 
NA 0.0 5.1 538491621.4 (0.00,-) 0.999 - - - 

Survival 
state 

Alive 0.0 17.9 

0.204 0.120 0.217 

1.000 - - - - - 
Deceased 5.1 33.3 0.000 (0.00,-) 0.999 - - - 

Lost to 
follow up 

0.0 5.1 1.000 (0.00,-) 1.000 - - - 

NA 12.8  25.6 0.000 (0.00,-) 0.999 - - - 

Extent of 
primary 
tumour 

T1 0.0 10.3 

0.475 0.613 0.508 

269245810.7 (0.00,-) 0.999 0.000 (0.00,-) 1.000 
T2 5.1 23.1 0.750 (0.09,6.39) 0.792 4.037E+11 (0.00,-) 1.000 
T3 7.7 12.8 0.278 (0.04,2.20) 0.225 2.751 (0.00,-) 1.000 
T4 5.1 30.8 1.000 - - 1.000 - - 
NA 0.0 5.1 269245810.7 (0.00,-) 0.999 0.000 (0.00,-) 0.999 

Extent of 
regional 
lymph 
node 

metastasis 

N0 5.1  28.2 

0.438 0.879 0.478 

1.000 - - - - - 
N1 2.6 7.7 0.545 (0.04,8.27) 0.662 - - - 
N2 0.0  2.6 293722702.6 (0.00,-) 1.000 - - - 

N2B 7.7 33.3 0.788 (0.11,5.60) 0.812 - - - 
N2C 2.6 0.0 0.000 (0.00,-) 1.000 - - - 
N3 0.0 2.6 293722702.6 (0.00,-) 1.000 - - - 
NA 5.1 28.2 293722702.6 (0.00,-) 0.999 - - - 
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Table 6.6, continued. 

Variables Categories 

COL11a1 
Expression 
(% of total 

cohort) 

Pearson 
Chi 

Square 

Spearma
n 

Univariate 
ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% 

CI 
p-

value 

Vascular 
invasion 

No 10.3 48.7 
0.926 0.790 0.932 

0.950 (0.15,6.12) 0.957 11157831.69 (0.00,-) 1.000 
Yes 5.1  25.6 1.000 - - 1.000 - - 
NA 2.6 7.7 0.600 (0.04,9.16) 0.713 10142884.33 (0.00,-) 1.000 

Tumour 
depth 

1-10mm 2.6 33.3 

0.353 0.836 0.379 

0.000 (0.00,-) 1.000 - - - 
11-20mm 2.6 15.4 0.000 (0.00,-) 1.000 - - - 
21-30mm 5.1 5.1 0.000 (0.00,-) 1.000 - - - 
31-40mm 0.0 2.6 1.000 - - - - - 

NA 7.7 25.6 0.000 (0.00,-) 1.000 - - - 

Perineural 
invasion 

No 10.3 56.4 
0.548 0.293 0.569 

2.062 (0.38,11.31) 0.404 0.000 (0.00,-) 1.000 
Yes 7.7 20.5 1.000 - - 1.000 - - 
NA 0.0 5.1 605803074.7 (0.00,-) 0.999 - - - 

Bone 
invasion 

No  10.3 38.5 
0.884 0.938 0.892 

1.000 - - 1.000 - - 
Yes 5.1 28.2 1.467 (0.23,9.49) 0.688 9.934E+24 (0.00,-) 0.999 
NA 2.6 15.4 1.600 (0.15,17.41) 0.700 0.000 (0.00,-) 1.000 

Extracapsu
lar spread 

No 10.3 51.3 
0.706 0.474 0.723 

1.500 (0.28,8.04) 0.636 0.000 (0.00,-) 1.000 
Yes 7.7 25.6 1.000 - - 1.000 - - 
NA 0.0 5.1 484642459.3 (0.00,-) 0.999 - - - 
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Table 6.6, continued. 

Variables Categories 

COL11a1 
Expression 
(% of total 

cohort) 

Pearson 
Chi 

Square 

Spearma
n 

Univariate 
ANOVA Univariate Logistic Regression Multiple Logistic Regression 

Low High p-value p-value p-value Odd ratio 95% CI p-
value Odd ratio 95% 

CI 
p-

value 

Skip 
metastasis 

Yes 2.6 17.9 
0.688 0.906 0.706 

1.000 - - 1.000 - - 
No 15.4 59.0 0.548 (0.06,5.35) 0.605 0.000 (0.00,-) 1.000 
NA 0.0 5.1 230782123.5 (0.00,-) 0.999 - - - 

The parameter covariance matrix of all confounders cannot be computed, Multivariate Logistic Regression analyses was applied to adjust the selected 

confounders of age, gender, ethnic, smoking behaviour, drinking behaviour, betel quid chewing, staging, extent of primary tumour, vascular invasion, 

tumour perineural invasion and bone invasion, extracapsullar spread and skip metastasis. 

 

Abbreviation: NA, not available Abbreviation: NA, not available; Abbreviations: N0 (no regional lymph node metastasis); N1 (metastasis in single 

ipsilateral lymph node, ≤3cm); N2 (metastasis in single ipsilateral lymph node, 3-6cm); N2B (metastasis in single ipsilateral lymph node, ≤6cm); N2C 

(metastasis in bilateral/ contralateral lymph node, ≤6cm); N3 (metastasis in lymph node >6cm); T1 (tumour ≤2cm); T2 (tumour 2-4cm); T3 

(tumour >4cm); T4 (tumour invades adjacent structures such as tongue, skin of neck and through cortical bone) 

* denotes significant p-value, p<0.05.
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6.6 Summary  

The results of Chapter 4 and 5 demonstrated that DDR1 was expressed in HNSCC 

(OPSCC and OSCC) cell lines and tumours and that two of its ligands, COL8a1 and 

COL11a1, were expressed in CAFs. This study extended this work to examine the 

expression of these proteins in a Malaysian cohort of OSCCs. DDR1 was expressed in all 

the tumours examined. COL8a1 and COL11a1 expression was detected in a proportion 

of the OSCC tumour cells and their associated CAFs. The expression of these proteins 

was quantified using Metamorph Pathology Analysis Software. The pattern of expression 

of DDR1, COL8a1 and COL11a1 showed some similarities in that higher expression was 

detected in patients with similar demographic and clinical features, such as females, non-

smokers, non-drinkers and no extracapsular spread characteristics, but most of these 

association were not statistically significant. In patients of Indian ethnicity, tumours from 

betel quid chewers had higher expression of DDR1 and statistically significantly higher 

expression of COL11a1 in tumour cells and CAFs, most of these associations were 

statistically significant. Further, patients with bone invasion, 1-10mm tumour depth and 

with a deceased outcome showed statistical significantly high expression of COL8a1 in 

tumour cells. Interestingly, OSCC patients who have higher expression of DDR1, 

COL8a1 and COL11a1 tend to have deceased survival outcome but this did not reach 

statistical significance using the Kaplan-Meir analyses. Collectively, these data show that 

DDR1 and its ligands are expressed in OSCCs and their expression levels might influence 

patient prognosis. 
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CHAPTER 7: THE PHENOTYPIC IMPACT OF DDR1 KNOCKDOWN AND 

EXOGENOUS COLLAGEN ON OPSCC HUMAN CELL LINES 

7.1 Introduction 

The results presented in Chapters 4-6 showed that the collagen-activated tyrosine 

kinase receptor, DDR1, was overexpressed in both OPSCC and OSCC and that high 

expression of DDR1 correlated with reduced survival in HPV-negative OPSCCs. It 

remains unclear how collagen-mediated activation of DDR1 influences the malignant 

phenotype, but recent data has shown that DDR1 induces proliferation in epithelial 

ovarian cancers (V. Y. Chung et al., 2017), migration and metastasis in colon cancer 

(Yuge et al., 2017) and regulates the cytotoxic effects of a therapeutic immunotoxin (Ali-

Rahmani et al., 2016) and the chemotherapeutic drug, 5-fluorouracil (Wei et al., 2017). 

However, the effect of collagen-DDR1 signalling on the behaviour of HNSCC cells has 

not been examined.  

The work in this chapter aimed to determine the functional effects of exogenous 

collagen and to investigate whether these roles are mediated specifically by DDR1 in 

HNSCC cell lines in vitro. The phenotypic consequences investigated included cell 

growth and proliferation, clonogenicity, migration, invasion and the cellular response to 

Cisplatin. Univ
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7.2 Effect of exogenous collagen on HNSCC cell proliferation 

The effects of exogenous collagen on the growth of the OPSCC cell lines SCC040, 

SCC154, VU040T and VU147T cells was determined using cell growth assay over a 12-

day period. The cells were grown in the absence and presence of collagen (100μg/mL, 

Merck Millipore) and cell growth was measured by cell counting using a Luna Automated 

Cell Counter (Logos, Biosystems) after 4, and 12 days. The exogenous addition of 

collagen significantly promoted the growth of all four cell lines compared to cells grown 

in the absence of collagen (Figure 7.1).    

Univ
ers

ity
 of

 M
ala

ya



 
 
  

208 

Day 4 Day 8 Day 12
0

2

4

6

8

10

12

No COL COL

**

SCC040

C
el

l 
nu

m
be

r 
 (

x1
06 )

Day 4 Day 8 Day 12
0

2

4

6

8

No COL COL

***

*

SCC154

C
el

l 
nu

m
be

r 
 (

x1
06 )

Day 4 Day 8 Day 12
0

5

10

15

No COL COL

*

VU040T

C
el

l 
nu

m
be

r 
 (

x1
06 )

Day 4 Day 8 Day 12
0

2

4

6

No COL COL

**
VU147T

C
el

l n
um

be
r 

 (x
10

6 )

 

 

 

  

 

 

 

 

 

  

 

 

 

Figure 7.1: Exogenous collagen promoted the growth and proliferation of OPSCC 

cells.  

The growth of SCC040, SCC154, VU040T and VU147T cell lines was examined in the 

absence or presence of collagen for 4-12 days. One-way ANOVA and Bonferroni Post 

Hoc Analyses showed that the exogenous addition of collagen significantly increased the 

growth of all four OPSCC cell lines. The data presented are representative of two 

independent experiments. *denotes p<0.05, ** denotes p<0.01, *** denotes p<0.001. 
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7.3 Effects of exogenous collagen on wound closure 

The consequence of exogenous collagen on the wound closure response of SCC154 

cells was examined using in vitro scratch assays. The denatured form of collagen, gelatin, 

which does not activate DDR1, was used as a negative control. The cells were grown in 

complete medium with or without or collagen (100μg/mL) or gelatin (100μg/mL) for 24 

hours prior to the generation of the “wound” and images of the wound were captured at 

24 hour intervals for 3 days. The ability of the cells to migrate and close the wound was 

enhanced by the addition of exogenous collagen in a time-dependent manner. Pre-

treatment of SCC154 with collagen (100μg/mL) stimulated the wound healing process, 

whereby full closure of the wound was observed on after 2 days. Wound closure was not 

observed up to day 3 in cells grown in the absence of collagen or in the presence of gelatin 

(Figure 7.2).  

 

Univ
ers

ity
 of

 M
ala

ya



 
 
  

210 

  

  

 

 

 

 

 

 

 

 

 

 

 

Figure 7.2: Stimulation of wound closure by exogenous collagen. 

The wound closure/ scratch assay was performed in SCC154 cells grown on 6-well plates. 

SCC154 cells were treated with 100µg/mL gelatin, 100μg/mL collagen for 24 hours in 

serum-free medium before the wounds were scratched. Non-treated cells was used as a 

negative control. Photomicrographs were obtained at the indicated time points of Day 0, 

1, 2 and 3 using 10X magnification on a Nikon Eclipse inverted microscope. Phase 

contrast images show the wound closure efficiency indicated by the distance that the cells 

moved from the edge of the scratch towards the centre of the scratch. Cells treated with 

collagen showed significant increase in wound closure rate compared to the control and 

cells treated with gelatin. The scratched area of cells treated with collagen was fully 

closed on Day 2 post-wounding but the wound remained unclosed over three days in the 

gelatin and non-treated controls. The data presented are representative of two independent 

experiments in duplicate wells each.  
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7.4 Effects of exogenous collagen on cell migration 

The effect of exogenous collagen on the migratory ability of SCC040, SCC154, 

VU040T and VU147T cells was determined using Transwell migration assays. Cells were 

cultured in the presence or absence of collagen or gelatin (both 100μg/ mL) for 24 hours 

prior to seeding onto fibronectin-coated (10μg/mL) membranes. Media containing 20% 

FBS served as a chemo-attractant in the lower chamber and the number of migrated cells 

determined after 19 hours. The migration of the cells pre-treated with collagen was 

significantly (p<0.001) higher than cells pre-treated with gelatin or untreated controls 

(Figure 7.3).  
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Figure 7.3: Collagen promoted OPSCC cell migration. 

The migration of SCC040, SCC154, VU040T and VU147T cells was examined using 

Transwell assays in the absence or presence of gelatin and collagen (100μg/mL). 

Photomicrographs of migrated cells in each treatment groups were stained with 0.5% 

Crystal Violet and taken using 20X magnification on a Nikon Eclipse inverted 

microscope. Collagen but not denatured collagen (gelatin) significantly enhanced the 

migration of all the four cell lines examined. The data presented are representative of two 

independent experiments for each cell line. * denotes p<0.05 and *** denotes p<0.0001.
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7.5 Effects of exogenous collagen on the response of OPSCC cells to Cisplatin 

MTT assays were initially performed to test the effect of Cisplatin, on the OPSCC cell 

lines, SCC040, SCC154, VU040T and VU147T. Treatment of all the cell lines with 

Cisplatin for 72 hours resulted in a dose-dependent reduction in cell viability. VU040T 

and VU147T were selected as the representative cell lines for subsequent experiments 

due to similar IC50 values (50µM). A Cisplatin treatment dose of 50μM was chosen as the 

approximate IC50 to induce appropriate proportion of cell deaths as derived from the graph 

(Figure 7.4). 

To study the effect of exogenous collagen on the response of cells to Cisplatin, 

VU040T and VU147T cells were grown with and without gelatin or collagen (100μg/mL) 

for 24 hours. Fluorescent Activated Cell Sorter (FACS; Becton Dickinson) flow 

cytometric analyses were carried out after 72 hours treatment with Cisplatin (50μM) or 

vehicle control (DMSO). Treatment of cells with DMSO induced a general 20%-30% 

early and late apoptosis. After 72 hours treatment with Cisplatin, collagen pre-treatment 

exerted significant inhibitory effect on the chemo-sensitivity of VU040T and VU147T in 

which the early and late apoptotic cells percentage were significantly reduced in the 

presence of collagen. In contrast, the early and late apoptotic percentages of VU040T 

grown in normal complete medium (p<0.01) and gelatin (p<0.001) were significantly 

higher than that of cells pre-treated with collagen. Similarly, the pre-treatment of another 

cell line, VU147T, with collagen also significantly suppressed the early and late apoptosis 

of cells towards Cisplatin compared to the non-pretreated control (p<0.001; Figure 7.5).   
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SCC040 20.0 
SCC154 3.5 
VU040T 46.0 
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Figure 7.4: Cytotoxic effect of Cisplatin on OPSCC cell lines. 

SCC040, SCC154, VU040T and VU147T were seeded for 24 hours before the 72 hours 

treatment of Cisplatin at the indicated concentrations in complete medium. MTT assays 

were performed following Cisplatin treatment. Results represent the percentage of cell 

viability expressed in relation to DMSO as the vehicle control for Cisplatin. The data 

presented are representative of two independent experiments. Data points, mean; error 

bars, SD of triplicates.  
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Figure 7.5: Exogenous collagen induced chemo-resistant response in OPSCC cells 

towards Cisplatin.  

VU040T and VU147T were pre-treated with or without gelatin or collagen for 24 hours. 

Apoptosis was observed following treatment with 50μM Cisplatin for 72 hours as 

assessed by Annexin V-FITC/Propidium Iodide staining. DMSO was used as the vehicle 

control. The percentage of early and late apoptotic cells (Annexin V-FITC/ PI positive) 

were determined by fluorescent-activated cell sorter (FACS). Flow cytometer results 

showed the percentage of apoptotic cells were significantly reduced in cells pre-treated 

with collagen compared to the non-treated or gelatin-treated cells. The data presented are 

representative of two independent experiments. Data points, mean; error bars, SD of 

triplicates. ** denotes p<0.01; *** denotes p<0.001.  
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7.6 DDR1 isoform expression in HNSCC cell lines 

Having shown that DDR1 is expressed in HNSCC cell lines and tissues (Chapters 4-

6) reverse transcriptase polymerase chain reaction (RT-PCR) was performed to identify 

the major DDR1 isoforms expressed in OPSCC cell lines in vitro.  

A set of primers to specifically amplify the juxtamembrane domain of the known 5 

DDR1 isoforms (i.e. DDR1a-e) was used to examine DDR1 expression in HPV-positive 

and HPV-negative OPSCC cell lines. RT-PCR showed that the kinase active DDR1b 

isoform appeared to be the most highly expressed in all OPSCC cell lines. Two other 

kinase active forms, DDR1a and DDR1c, were detectable at lower levels, whilst the 

kinase inactive DDR1d and DDR1e isoforms were either absent or the bands were faint. 

In addition, the expression of the DDR1 transcripts in the OSCC cell line, H376, was 

determined using RNA-Seq. The RNA-Seq results revealed that amongst the known 58 

DDR1 transcripts, 42 variants were expressed in H376 and 16 transcripts were missing 

(Appendix L). The top ten most abundant transcripts are listed in Table 7.1. Further 

sequence alignment was done by comparing the transcript table of DDR1 in Ensembl 

genome database with the five DDR1 known isoforms as reported by Valiathan et al. 

(2012). The sequence alignment results, based upon the number of amino acids, showed 

that the most abundant transcript encoded for the DDR1b isoform (Table 7.2). 

Subsequently, the PCR amplified products of OPSCC were ran in parallel with H376 by 

using primers that optimized to amplify only the DDR1 juxtamembraneous domain and 

subjected to gel electrophoresis. The strongest band present was found to correspond to 

the kinase-active DDR1b isoform (Figure 7.6). 

Univ
ers

ity
 of

 M
ala

ya



 
 
  

217 

Table 7.1: Top ten most abundant transcript isoforms of DDR1 in OSCC cell 
line 

Transcript ID Length 
Average abundances from 

triplicates (%) 

ENST00000452441 DDR1-208 3857 36.61 

ENST00000446312 DDR1-207 3202 15.61 

ENST00000376569 DDR1-003 3783 12.01 

ENST00000396342 DDR1-013 675 5.28 

ENST00000376568 DDR1-002 3894 4.71 

ENST00000376570 DDR1-205 3820 4.67 

ENST00000418800 DDR1-012 3588 3.84 

ENST00000506573 DDR1-033 585 3.63 

ENST00000412274 DDR1-031 496 2.48 

ENST00000509639 DDR1-030 615 1.32 
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Table 7.2: Sequence alignment of DDR1 transcripts in Ensembl genome 
database with DDR1 isoforms 

DDR1 isoforms Number of amino acids 
Corresponding transcripts in 

Ensembl 

DDR1a 876 

ENST00000454612 
ENST00000376567 
ENST00000376570 
ENST00000376569 
ENST00000418800 

DDR1b 913 
ENST00000324771 
ENST00000376568 
ENST00000452441 

DDR1c 919 ENST00000513240 

DDR1d 508 None 

DDR1e 767 ENST00000446312 
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Figure 7.6: Identification of the major DDR1 isoform in HPV-negative and HPV-

positive OPSCC cell lines.  

A. Kinase active DDR1b isoform appeared to be the most highly expressed in all HPV-

negative (SCC040 and VU040T) and HPV-positive (SCC154 and VU147T) OPSCC cell 

lines. Distilled water, dH2O, was used as the negative control. B. The sequence alignment 

results showed that the most abundant transcript in H376 obtained from Ensembl genome 

database was encoded for the DDR1b isoform in gel electrophoresis. With H376 as the 

reference control, representative HPV-negative (VU040T) and HPV-positive (VU147T) 

cell lines showed the similar trend with H376 suggesting the same most abundant 

transcript in these cell lines. Two other kinase active forms, DDR1a and DDR1c, were 

detectable at lower levels, whilst the kinase inactive DDR1d and DDR1e isoforms were 

either absent or the bands were faint. The data presented are representative of two 

independent experiments. 
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7.7 Biological significance of DDR1 knockdown 

7.7.1 Stable knockdown of DDR1 in human OPSCC cell lines 

The two HPV-negative (SCC040 and SCC154) and HPV-positive (VU040T and 

VU147T) OPSCC cell lines were used to perform the knockdown experiments. The cells 

were stably transduced with plasmids carrying three independent sequences of DDR1 

shRNAs (shDDR1_10084, shDDR1_121163 and shDDR1_121293) or non-targeting 

shRNA (NS).  

Compared to the parental cells, the DDR1 mRNA levels of all the cells transduced 

with shDDR1_10084 and shDDR1_121293 were significantly reduced by 65% to 95% 

(p<0.001) whereas the DDR1 mRNA levels of the cells transduced with shDDR1_121163 

was reduced by 39.2% to 78% (p<0.001). The DDR1 mRNA level were remained high 

in the EV and NS controls of all cell lines. Therefore, cells transduced with 

shDDR1_10084 and shDDR1_121293 were selected for further study. Knockdown of 

DDR1 also led to a significant decrease in DDR1 protein of the selected shRNA clones 

compared to the parental, EV and NS controls. The knockdown also appeared to be 

specific for DDR1 with no noticeable effect on GAPDH levels (Figure 7.7).  

The knockdown of DDR1 was checked regularly and appeared stable over time and 

after several passages.  
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Figure 7.7: DDR1 mRNA expression and protein levels in SCC040, SCC154, 

VU040T and VU147T cells following knockdown of DDR1.  

All the four OPSCC cell lines were stably transduced with plasmids carrying three 

independent sequences of DDR1 shRNAs or the empty vector (EV) and non-targeting 

shRNA sequence (NS). Compared to parental cells, transduction resulted in 

approximately 65.2%-95% reduction of DDR1 in two knockdown clones of 10084 and 

121293. The data presented are representative of two independent experiments. Western 

blot analyses showed that the level of DDR1 proteins was decreased in the cells 

transduced with shRNA clones and results were in concordance with the Q-PCR results.        
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7.8 Effect of knock down of DDR1 on OPSCC cell growth and clonogenic survival 

The consequence of DDR1 knockdown on the growth of OPSCC cells was determined 

using growth assays over a period of 12 days. Compared to the parental and NS controls, 

knockdown of DDR1 significantly inhibited the growth of all the four OPSCC cells from 

the fourth day onwards. One-way ANOVA and Bonferroni Post Hoc comparisons showed 

a significant difference in cell number between parental controls and cells following 

DDR1 knockdown (Figure 7.8).  

As exogenous addition of collagen resulted in enhanced cell growth and DDR1 

knockdown decreased cell growth, further experiments were carried out to determine the 

consequence of exogenous addition of collagen on the growth of cells following DDR1 

knockdown for DDR1. In agreement with previous results (Figure 7.1), exogenous 

addition of collagen promoted the growth of parental and NS controls of all the four cell 

lines. In contrast, knockdown of DDR1 did not alter cell growth in either the absence or 

presence of exogenous collagen (Figure 7.9).   

The colony surviving ability of VU040T and VU147T cells following knockdown of 

DDR1 was also determined by clonogenic assay. Single cell suspensions were seeded 

into each 60mm dish and media were replenished every four days. The counting of the 

colonies stained with 0.5% Crystal Violet after 14 days showed that DDR1 knockdown 

significantly reduced the number of surviving colonies compared to the parental controls 

(p<0.001; Figure 7.10).  
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Figure 7.8: Knockdown of DDR1 decreased the growth of OPSCC cells.  

Following DDR1 knockdown, SCC040, SCC154, VU040T and VU147T cells grew 

slower compared to the parental and NS controls. One-way ANOVA and Bonferroni Post 

Hoc Analyses comparing all the cells to the parental control showed a significant 

difference in cell number. The data presented are representative of two independent 

experiments. * denotes p<0.05, ** denotes p<0.01, *** denotes p<0.001. 

 

 

 

Parent NS 10084 121293

Day 4 Day 8 Day 12
0

2

4

6

8

***
***

***
***

SCC040
C

el
l 

nu
m

be
r 

(x
10

6 )

Day 4 Day 8 Day 12
0

1

2

3

4

5

************ ******** ***
***

SCC154

C
el

l 
n

u
m

b
er

 (
x1

0
6
)

Day 4 Day 8 Day 12
0

2

4

6

8

10

**
***

**
*

***

***

**
*

VU040T

**
*

C
el

l 
nu

m
be

r 
 (

x1
06 )

Day 4 Day 8 Day 12
0

2

4

6

8

10

***
*** ***

*** ***

VU147T

***

C
el

l 
nu

m
be

r 
 (

x1
06 )

Univ
ers

ity
 of

 M
ala

ya



 
 
  

224 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.9: Knockdown of DDR1 inhibited the growth effect of exogenous collagen 

on OPSCC cells.  

The growths of VU040T and VU147T cell lines were examined in the absence or 

presence of collagen for 8 days. One-way ANOVA and Bonferroni Post Hoc analyses 

showed that the knockdown of DDR1 significantly inhibited the growth of both cell lines 

despite the presence of exogenous collagen. The data presented are representative of two 

independent experiments. * denotes p<0.05, ** denotes p<0.01, *** denotes p<0.001.  
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Figure 7.10: Knockdown of DDR1 reduced the surviving colonies of OPSCC cells.  

A cluster of at least 20 cells stained by 0.5% Crystal Violet counted under 20X 

magnification was considered as a colony. Following DDR1 knockdown, less colonies of 

VU040T (top panel) and VU147T (bottom panel) formed and survived over a period of 

14 days compared to the parental and NS controls. One-way ANOVA and Dunnett Post 

Hoc Analyses comparing all the cells to the parental control showed significant difference 

of colony survived after 14 days. The data presented are representative of two 

independent experiments. *** denotes p<0.001.  
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7.9 Effect of DDR1 knockdown on wound closure 

The effect of DDR1 knockdown on the wound closure efficiency of HNSCC cells was 

examined. Addition of collagen (100μg/mL) to the parental cells and NS controls 

enhanced the closure of the wound area from Day 2 post-wounding. In contrast, following 

DDR1 knockdown, the SCC040 cells did not respond to the wounding at all compared to 

the parental and NS controls despite the presence or absence of collagen. These data 

indicated that DDR1 plays an important role in the wound closure effect stimulated by 

exogenous addition of collagen (Figure 7.11).  
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Figure 7.11: Knockdown of DDR1 inhibited HNSCC motility in wound closure.  

The effect of DDR1 knockdown on the wound closure was performed in SCC040 seeded on 6-well plates in Day 0, 1, 2 and 3. The parental cells and 

NS controls showed cell motility to close the wound in the presence of collagen (100μg/ mL) but following DDR1 knockdown, the SCC040 cells did not 

respond to the wounding at all compared to the controls despite the presence or absence of collagen. The data presented are representative of one cell 

line from two independent experiments.
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7.10 Effect of DDR1 knockdown on cell migration & invasion 

Transwell migration assays were also performed to determine the migratory ability of 

VU040T and VU147T cells following DDR1 knockdown. The parental and NS controls 

showed increased migration ability following pre-treatment with collagen (100μg/mL). 

Compared to parental and NS controls, DDR1 knockdown significantly suppressed the 

migration of VU040T/DDR1_10084, VU040T/DDR1_121293, VU147T/DDR1_10084 

and VU147T/DDR1_121293 cells by at least 90% (p<0.0001; Figure 7.12). These data 

were in agreement with the results obtained above (Figure 7.3) that addition of exogenous 

collagen enhanced the migration of OPSCC cells. 

To investigate the effect of DDR1 knockdown and collagen on HNSCC cell invasion, 

the invasive ability of VU040T and VU147T cells were measured using matrigel-coated 

Transwells. The results showed that DDR1 knockdown markedly suppressed the invasion 

of the cells compared to parental and NS controls (p<0.0001; Figure 7.13). 
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Figure 7.12: Knockdown of DDR1 inhibited HNSCC cell migration.  

The effect of DDR1 knockdown on the migration of HNSCC cells was examined using 

Transwell assay in the presence of 20% FBS in the lower chamber as chemo-attractant. 

One-way ANOVA and Bonferroni Post Hoc Analyses showed that compared to parental 

control, knockdown of DDR1 significantly inhibited the migration of HNSCC cells. The 

data presented are representative of two independent experiments. * denotes p<0.05, *** 

denotes p<0.001. 
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Figure 7.13: Knockdown of DDR1 inhibited HPV-negative and HPV-positive 

HNSCC cell invasion.  

The effect of DDR1 knockdown on the invasion was performed on VU040T and VU147T 

cells seeded in 24-well plate growth factors reduced matrigel pre-coated invasion 

chamber in the presence of media containing 20% FBS in the lower chamber as chemo-

attractant. One-way ANOVA and Dunnett Post Hoc analyses showed that compared to 

parental and NS controls, knockdown of DDR1 significantly inhibited the invasion of 

both HPV-negative and HPV-positive HNSCC cells. The data presented are 

representative of two independent experiments. *** denotes p<0.0001.
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7.11 Effect of DDR1 knockdown on chemo-therapeutic response of HNSCC cells  

To confirm the effects of collagen on Cisplatin sensitivity were mediated by DDR1, 

FACS analysis were performed using Cisplatin-treated VU040T and VU147T cells 

following knockdown of DDR1. The cells were grown in normal complete medium or 

collagen (100μg/mL) for 24 hours prior treated with Cisplatin (50μM). Collagen pre-

treatment significantly inhibited the cytotoxicity of Cisplatin on the parental and NS cells 

compared to their controls grown in complete medium (p<0.01 and p<0.001 respectively). 

In contrast, these inhibitory effects of collagen were impaired in the 

VU147T/DDR1_10084 and VU147T/DDR1_121293 cells. Their early and late apoptosis 

percentage were even significantly higher than their counterparts grown in complete 

medium (p<0.01 and p<0.001 respectively; Figure 7.14).   
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Figure 7.14: Knockdown of DDR1 enhanced the Cisplatin chemo-sensitivity 

response of HNSCC cells.  

The parental cells, NS control and two clones knockdown for DDR1 of VU040T and 

VU147T were pre-treated with or without collagen for 24 hours. Apoptosis was observed 

following treatment with 50μM Cisplatin for 72 hours as assessed by Annexin V-

FITC/Propidium Iodide staining. DMSO was used as the vehicle control. The percentage 

of early and late apoptotic cells (Annexin V-FITC/ PI positive) were determined by 

fluorescent-activated cell sorter (FACS; Becton Dickinson). Flow cytometer results 

showed the percentage of apoptotic cells were significantly decreased in the parental and 

NS cells pre-treated with collagen, but remained high in cells knockdown for DDR1. The 

data presented are representative of two independent experiments. Data points, mean; 

error bars, SD of triplicates. ** denotes p<0.01; *** denotes p<0.001.
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7.12 Summary  

In this chapter, the effects of collagen on the behaviour of HNSCC cells were 

investigated using in vitro assays of cell growth, clonogenic survival, wound healing, 

migration, invasion and cytotoxicity response to chemotherapeutic drug, Cisplatin. These 

effects were further confirmed to be mediated by DDR1 using shRNA-mediated 

knockdown.  

In order to examine the contribution of collagen to the behaviour of HNSCC cells, the 

assays were carried out in the absence or presence of exogenous collagen. Exogenous 

treatment of HNSCC cells with collagen promoted growth and migration in all the cell 

lines examined.  Further, treatment of cells with collagen reduced the amount of apoptosis 

induced in response to Cisplatin.  These effects were specific because these cell 

behaviours were unaffected by denatured collagen (gelatin). The kinase active DDR1 

isoform, DDR1b, was shown to be the predominant isoform expressed in HNSCC cells 

and is likely to mediate the effects of collagen. 

Next, to confirm the involvement of DDR1 in mediating the effects of collagen, 

shRNA-mediated knockdown of DDR1 was employed. The growth, proliferation, 

clonogenic survival, migration, invasion and chemo-resistant were significantly inhibited 

following DDR1 knockdown and these phenotypes were markedly suppressed even in 

the presence of exogenous collagen.  

Collectively, these data indicate that collagen plays a significant role in promoting the 

malignant phenotypes of HNSCC and DDR1 is the primary receptor involved in the 

collagen-mediated promotion of the malignant phenotype in these cells. This suggests 

that the DDR1/ collagen axis might be a novel therapeutic target for HNSCC patients. 
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 CHAPTER 8: DISCUSSION 

8.1 Introduction to discussion 

It is becoming widely acknowledged that cross-talk between the tumour 

microenvironment (TME) and epithelial malignancies plays a crucial role in the 

pathogenesis of cancer and alters the behaviour of tumour cells. For example, the 

oncogenic function of CAFs has been shown to mediate bladder cancer invasion and 

progression (M. Miyake et al., 2016), crosstalk between fibroblasts and liver tumours 

exacerbates hepatocarcinoma initiation (Luo et al., 2017) and CAFs promote 

chemoresistance in ovarian cancer (Leung et al., 2017). However, very little is known 

about the cross-talk between CAFs and tumour cells in HNSCC.  

It is evident that DDR1 signalling plays an important role in promoting tumorigenesis 

in a wide range of cancer types by enhancing tumour progression (Barisione et al., 2017), 

resistance to cell death (Fathima Zumla Cader et al., 2013), migration and invasion 

(Zhaofeng Wang et al., 2017; R. Xie et al., 2016; Yuge et al., 2017), angiogenesis 

(Raimondi et al., 2014) and epithelial to mesenchymal transition (Song et al., 2016). 

However, the expression of DDR1 and its collagen ligands and the biological 

consequences of DDR1 signalling in the pathogenesis of OPSCC and OSCC has never 

been studied. Hence, the present study was initiated to investigate biological significance 

of collagen-DDR1 signalling involved in the cross-talk of CAFs with OPSCC and OSCC 

tumour cells. The results of this study demonstrated that COL8a1 and COL11a1 are up-

regulated in senescent CAFs derived from HNSCC compared to non-senescent CAFs and 

normal fibroblasts. By contrast, DDR1 was expressed in OPSCC and OSCC cell lines and 

tissues, but not CAFs. Next, COL8a1, COL11a1 and DDR1 were shown to be 

significantly associated and correlated with socio-demographic, clinico-pathological 
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parameters and most importantly with the patient survival. The function of collagen-

DDR1 signalling was investigated in vitro and it was shown that exogenous collagen, 

acting via DDR1, enhanced HNSCC growth, colony survival, cell motility in wound 

closure, migration, invasion, as well as causing resistance to the chemotherapeutic drug, 

Cisplatin. 

For ease of interpretation, the Discussion has been subdivided such that consideration 

is given to the data reported in each Results chapter. The following sections discuss the 

limitation of this study and present proposals for future work.  

8.2 Identification of collagen subtypes and receptors that could mediate cross-talk 

between CAFs and HNSCCs 

Evidence exists to show that cancer progression results in the induction of senescence 

in CAFs (Yazan Hassona et al., 2013; E. K. Kim et al., 2018) and, in turn, the paracrine 

signalling between CAFs and tumour cells can contribute to tumorigenesis in many 

malignancies (Ammirante et al., 2014; Gascard & Tlsty, 2016; T. Wang et al., 2017). For 

example, senescent CAFs have been reported to drive prostate cancer progression (Taddei 

et al., 2014) and promote keratinocyte invasion and dis-cohesion relative to non-

senescent fibroblasts (Y Hassona et al., 2014). The present study attempted to identify 

the soluble ECM proteins which are up-regulated in senescent CAFs compared to non-

senescent CAFs and normal fibroblasts. A previous transcriptomic expression profile 

reported by Lim et al. (2011b) identified two collagen subtypes, short chain collagen 

COL8a1 and fibrillar collagen COL11a1, that were up-regulated in senescent CAFs, 

indicating that these collagens are secreted ECM proteins produced by senescent CAFs 

and released into the tumour stroma. In the current study, the up-regulation of COL8a1 

and COL11a1 mRNA level was validated in an independent panel of 6 HNSCC associated 
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senescent and non-senescent CAFs and 3 normal oral fibroblasts by Q-PCR. These results 

are in agreement with a previous study which found a distinguishable gene expression 

profile of oral senescent and non-senescent CAFs (Y Hassona et al., 2014). Consistent 

with this report, RNA-sequencing studies have shown that collagen fibre organisation by 

senescent CAFs correlates with poor prognosis in HNSCC and oesophageal cancer and it 

impacts patients survival (Mellone et al., 2017). However, the biological roles of COL8a1 

and COL11a1 in the pathogenesis of HNSCC remain largely unexplored.        

Collagens are the major constituent of the ECM and there are several types of receptors 

that interact with collagen to trigger intracellular signalling pathways. For example, some 

integrin family members (Lundgren-Åkerlund & Aszòdi, 2014; Raab-Westphal et al., 

2017), the immunoglobulin-like receptor (Fu et al., 2017) and the mannose receptor 

(Jürgensen et al., 2014) are activated following collagen binding. Another receptor is 

DDR1, which is a receptor tyrosine kinase that has been shown to be activated by a 

number of different collagen types (B Leitinger, 2016). DDR1 acts as an unique and 

specific receptor for collagens (C. Wang et al., 2016; Yeung et al., 2013), although the 

precise mechanism of activation by collagen is currently unknown. De-regulated DDR1 

signalling contributes to diseases such as fibrotic disorders (Z. Wang et al., 2016), 

inflammation (Dorison et al., 2017) and arthritis (B Leitinger, 2016) and a number of 

studies have suggested a role for DDR1 in various cancer types (Rammal et al., 2016a). 

However, the expression of DDR1 and its functional role in the pathogenesis of OPSCC 

and OSCC has not been investigated.   

As COL8a1 and COL11a1 were found to be up-regulated in senescent CAFs in the 

present study, it was hypothesised that DDR1 would be expressed by tumour cells. 

Indeed, DDR1 was shown to be expressed at both the mRNA and protein levels in a panel 
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of OPSCC and OSCC cell lines but expression was undetectable in the fibroblasts strains. 

Further, a preliminary study indicated that DDR1 protein was over-expressed in both 

OPSCC and OSCC tissues. Taken together, these findings suggest that COL8a1 and 

COL11a1 are secreted by the CAFs into tumour microenvironment where they activate 

DDR1, which is expressed on tumour cells, to influence tumour cell behaviour.  

Analysis of the RNAseq data in the Cancer Genome Atlas (TCGA) database, showed 

that DDR1 was up-regulated in HNSCCs compared to normal tissues. This is in line with 

the findings that DDR1 was aberrantly overexpressed in other cancer types, such as 

ovarian (Y. Deng et al., 2017) and breast cancer (Belfiore et al., 2018). However, the 

TCGA database analyses revealed no statistically significant difference of DDR1 between 

HPV-negative and HPV-positive HNSCC. This might be explained by a number of 

outliers in HPV-negative tumours which showed high expression of DDR1. High 

expression of DDR1 is associated with poor prognosis in bladder cancer patients (X. Xie 

et al., 2017). However, in the present study, there was only a weak association of lower 

overall survival in HPV-negative HNSCC with high expression of DDR1 mRNA but this 

was not statistically significant. Further studies to examine DDR1 at the protein level 

were subsequently undertaken.  

8.3. HPV status and clinico-pathological features of oropharyngeal OPSCC in 

Malaysia 

The prevalence of HPV-related OPSCC in the developed world has been rising rapidly 

in recent years (Lewis et al., 2015). However, there are very little data regarding the HPV 

status of OPSCCs in Asian countries and no data are available from Malaysia. Whilst the 

focus of the present study was to examine collagen-DDR1 signalling in HNSCC, 

including OPSCC, there was an opportunity as an adjunct to this study to investigate the 
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HPV status of archival OPSCC specimens from Malaysia. The present study examined 

p16 expression and the presence of high-risk HPV DNA in OPSCCs from 60 Malaysian 

patients identified over a 12-year period (2004-2015) from four different hospitals in two 

major cities, Kuala Lumpur and Penang. Overall, 15 tumours (25.0%) were p16 positive, 

10 of which were also positive for HR-HPV ISH. However, between 2009 and 2015 

where cases were available from all 4 hospitals, 13 of 37 cases (35.1%) where positive 

for p16 expression. 

The prevalence of HPV positive OPSCC in this small cohort is much lower than the 

values reported elsewhere in Europe and America (35% vs 80%) (Hisham Mehanna et 

al., 2013). A recent meta-analysis looking at the burden of HPV associated head and neck 

cancers in the Asia Pacific region reported an overall prevalence of 40.53% for 

oropharyngeal cancers (Shaikh et al., 2015). However, there were considerable 

differences in the rates between regions and countries; the region with the highest 

prevalence was Oceania (49.32%) and the country with the lowest prevalence was China 

(9.50%) (Shaikh et al., 2015). Our findings taken for cases diagnosed between 2009 and 

2015 (35%) are comparable to the reported rates in East and South Asian regions (25.8% 

and 38.7% respectively) and Singapore (42%; Tan et al., 2016). In the present study, 80% 

of the p16 positive cases were from patients of Chinese ethnicity, whilst all the Indian 

patients had p16 negative OPSCC. This finding could be particularly relevant because 

according to the 2010 Population and Housing Census of Malaysia, the Chinese account 

for only 24.6% of the total population (Malaysia, 2011). Although this potentially 

alarming finding needs to be confirmed in a larger cohort, further research specifically 

into risk factors that predispose to HPV infection in the oropharynx are warranted in 

different populations. 

Univ
ers

ity
 of

 M
ala

ya



 
 
  

239 

Most epidemiological and clinical studies have indicated that patients with HPV 

positive OPSCC are relatively younger than patients with HPV negative disease (Gillison, 

2006; Gillison et al., 2008; Llewellyn et al., 2001; Ryerson et al., 2008; Shaikh et al., 

2015), although the present study findings do concur with those studies with the mean 

age of HPV positive patients being slightly lower than the mean age of HPV negative 

patients, the finding was not statistically significant. According to the recent meta-

analysis by Shaikh et al (2015), the prevalence of HPV associated head and neck cancer 

is higher amongst males, however the studies involved in the meta-analysis involved 

small study samples as well as unequal gender distributions (Shaikh et al., 2015). The 

findings from our study are also similar with the findings of the meta-analysis with a 

slight male predilection (55.6%).  

The results from this study suggest that the occurrence of HPV-related OPSCC in 

Malaysia may not be as high as those reported in developed nations such as the USA and 

the UK, but the proportion of OPSCCs that are HPV positive appears to be increasing, 

particularly in patients of Chinese ethnicity. Further studies will be required to determine 

how these observations might impact upon Malaysian communities and the national 

healthcare system in the future. 

8.4 COL8a1, COL11a1 and DDR1 expression, HPV status, socio-demographic and 

clinico-pathological features of OPSCC in United Kingdom 

High expression of DDR1 has been reported in various types of cancer and is 

associated with a number of clinico-pathological parameters, including poor tumour 

differentiation and poor prognosis of pancreatic cancer (Huo et al., 2015), and TNM 

stage, depth of tumour invasion and lymph node metastasis in renal clear cell carcinoma 

(Song et al., 2016). However, DDR1 expression is thought to be cancer-type dependent 
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because malignancies can demonstrate a different profiles of DDR1 expression. For 

example, low expression of DDR1 and high expression of DDR2 protein has been 

observed in invasive triple negative breast carcinoma with worse prognosis (Toy et al., 

2015). COL8a1 is known to be expressed in mammalian osteoblasts (Aldea et al., 2013) 

and overexpressed pancreatic tumours compared to normal pancreatic tissue (Badea et 

al., 2008). The present study examined, for the first time, the expression of DDR1 

together with the non-fibrillar collagen, COL8a1, and fibrillar collagen, COL11a1, in 

OPSCC biopsies from the United Kingdom, and assessed their utility as prognostic 

markers in HPV-negative and HPV-positive OPSCC patients.  

8.4.1 Automated multispectral slide imaging and digital quantitative scoring of 

COL8a1, COL11a1 and DDR1 expression 

DDR1, COL8a1 and COL11a1 protein expression levels in a total of 96 OPSCC 

biopsied tissues were determined by in situ Opal multiplex immunofluorescence staining. 

The analysis of COL11a1 and DDR1 proteins was first investigated using OPSCC tissues 

on a tissue microarray. The expression of COL8a1, COL11a1 and DDR1 were 

subsequently examined in whole-tissue serial sections, which facilitated the examination 

of protein expression in both the tumour and its stroma.  

The assay and antibodies used in this project were all verified by trained pathologists 

prior to use. Staining was evaluated by digital multispectral imaging, scored and 

quantitated for cell type, subcellular localization, percentage positivity and intensity, and 

association with HPV subtypes and patient overall survival. Any background and auto-

fluorescence staining were eliminated from threshold determined by the staining intensity 

of control slides and automated scoring softwares. A recently developed advanced multi-

colour immunofluorescence assay based on Tyramide signal amplification was used to 
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interrogate α-SMA, COL8a1, COL11a1, CK AE1/AE3 and DDR1 expression in the 

FFPE tissues. Effective signal unmixing was successfully performed in the TMA by using 

the automated multispectral Vectra pathology system and inForm image analysis software 

in order to achieve precise image analyses. In addition, the Metamorph Microscopy 

Automation and Image Analysis software was used in conjunction with confocal scanning 

laser microscopy for imaging and analysis of whole-tissue sections. The imaging revealed 

that both COL8a1 and COL11a1 were expressed by CAFs in the tumour 

microenvironment and tumour cells, whilst DDR1 was predominantly expressed at the 

epithelium lining of OPSCC tumours. The COL8a1 staining was heterogeneous from 

strong to weak positively stained in the cytoplasm of tumours and CAFs. COL11a1 was 

strongly positive in the cytoplasm of tumours but found in the cytoplasm and nucleus of 

CAFs. On the other hand, strong DDR1 positive staining was cytoplasmic or appeared to 

be focally membranous. This study, for the first time, successfully detected the single cell 

co-localisation of both COL11a1 and DDR1 proteins in OPSCC tissues. There are no 

published studies reporting the expression of COL8a1 and COL11a1 in OPSCC. 

Similarly, the expression of DDR1 was previously unexplored in OPSCC. However, the 

cellular localization of DDR1 observed in the present study was in concordance with 

published studies in gastric (Hur et al., 2017) and pancreatic cancer (Huo et al., 2015).  

8.4.2 Association and correlation of COL8a1, COL11a1 and DDR1 with HPV in 

OPSCC 

HPV is estimated to cause up to 70% of OPSCC in Western countries (Saraiya et al., 

2015) and the incidence of HPV-positive OPSCC has increased more than 2-fold over the 

past two decades (D’Souza et al., 2017). HPV has been recognised as an important and 

strong independent prognostic indicator for OPSCC patients (Dahlstrom et al., 2016). 

Previous studies have reported that genes expressed in HPV-positive HNSCC may not be 
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significant in their HPV-negative counterparts (K. Y. Kim et al., 2015). Hence, the 

present study investigated whether the expression of COL8a1, COL11a1 and DDR1 are 

related to the HPV status of OPSCC patients.  

HPV DNA detection by In Situ Hybridisation (ISH) method is the most commonly 

applied detection method of HPV in clinical diagnostic histopathology laboratory 

(Coleman & Tsongalis, 2016). Despite that, owing to its extremely high sensitivity, there 

is a relatively high chance of HPV false-positive result due to transient infection or 

contaminations (Rietbergen et al., 2014). Therefore, the present study incorporated the 

use of p16 IHC in addition to HPV DNA ISH in order to define the HPV status of all 

specimens (Bishop et al., 2015; Ndiaye et al., 2014b; Salazar et al., 2014).  

Interestingly, the per cell basis analyses on the tissue microarray in the present study 

showed a statistically significant single cell high co-expression of COL11a1 and DDR1 

in p16-positive compared to p16-negative OPSCC. When the samples were stratified by 

combining the p16 and HPV DNA status, high co-expression of COL11a1 and DDR1 

was predominantly found in intermediate (i.e. p16-positive/ HPV DNA-negative) and 

HPV-positive groups (i.e. p16 and HPV DNA-positive) group and the association was 

statistically significant. In light of the evidence that p16-positive/ HPV DNA-negative 

cancers in European cohorts have worse prognosis than p16 and HPV DNA-positive 

tumours(Rietbergen et al., 2013), the findings of the present study where 60% within the 

intermediate group and 40% within the HPV positive group showed high co-expression 

implying that COL11a1 and DDR1 might explain the differences in prognosis between 

these two groups. This interesting result should be further explored in a larger number of 

samples in order to gain a higher level of statistical power. 
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On the other hand, both the analyses on tissue microarray and whole-tissue serial 

sections revealed there were no significant differences in the expression of COL8a1 and 

DDR1 in tumours and CAFs from HPV-negative and HPV-positive OPSCCs. These 

findings could be possibly due to the reason that present study only investigated a 

relatively small number of specimens in each HPV status discordant group that were 

available. Therefore, there may have been insufficient statistical power to detect 

significant differences of the COL8a1, COL11a1 and DDR1 expression between the 

groups. As no information is currently available regarding the expression and association 

of these proteins with HPV in any cancer type, the exact association of these proteins with 

HPV-status remains to be further investigated. The significant association found between 

COL11a1 with p16-negative patients in TMA was intriguing and could be further 

explored.   

Recently, a collagen cleaver protein, ADAM23, was shown to be associated with 

HPV-mediated oral carcinogenesis (P. Yang, 2017). It is conceivable, therefore, that 

collagens might co-operate with HPV oncogenes to transform normal oral epithelial cells. 

Therefore, the study of this potential co-operation might be helpful in improving our 

understanding of the genetic differences between HPV-negative and HPV-positive 

tumours and aid in therapeutic management of these two categories of patients in the 

future.    

8.4.3 Association and correlation of COL8a1, COL11a1 and DDR1 expression with 

OPSCC patients’ clinico-pathological parameters  

COL11a1 has been reported to be absent in pathologic process of benign lesions but 

highly expressed in activated stromal cells of gliomas and glioblastoma invasive 

carcinoma and importantly, its expression was correlated to carcinoma aggressiveness, 
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progression and lymph node metastasis (Vázquez-Villa et al., 2015). However, in present 

study, COL11a1 expression in the whole-tissue sections was not associated with any of 

the clinico-pathological parameters.  

OPSCC patients can be divided into three groups with regards to the risk of death (i.e. 

low, moderate and high), which takes into consideration various prognostic factors, 

including the tumour stage, nodal stage, pack years of tobacco smoking and HPV status 

(A. Hay & Ganly, 2015; Rietbergen et al., 2013). In present study, there was no 

significant difference in COL11a1 expression between the three risk groups. However, 

DDR1 and COL8a1 protein expression showed significant associations with the risk of 

death groups. In particular, lower expression of DDR1 was associated with low risk 

patients compared to moderate or high risk patients, whilst higher expression of COL8a1 

in tumour and CAFs was significantly associated with high-risk patients. In other words, 

the risk of death significantly increased with increasing expression of COL8a1 in tumours 

and CAFs, together with high levels of DDR1 in tumours. As moderate and high risk 

OPSCC patients are known to have an extremely poor prognosis (Ang et al., 2010), it 

might be beneficial to incorporate COL8a1 and DDR1 expression in tumours and CAFs 

as additional determinants of risk classification, prognostic and therapy selection for 

patients in the future. The present study also suggests a novel pathological and prognostic 

role for the DDR1 and COL8a1 in moderate and high risk patients. These significant 

association and correlations with risk groups found in present study implies that DDR1 

and COL8a1 might affect the patient survival since a previous study has reported that 

high risk patients possessed 3-years survival rate of only 33.5% compared to 88.1% of 

that in low risk patients (Rietbergen et al., 2013). Thus, the results of the present study 

suggest that DDR1 and COL8a1 could be important determinants to survival. This 

warrants further investigation as it has been proposed that HNSCC categorised by high, 
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moderate and low risk of death groups have distinct molecular basis and clinical 

differences.     

Smoking has been incorporated in prognostic classifications as there is published 

evidence for smoking being an adverse prognostic factor in HPV-associated OPSCC 

(Haigentz et al., 2018). Interestingly, the present study showed a significant association 

of COL8a1 and DDR1 protein levels with smoking habits in OPSCC patients. 

Significantly higher expression of COL8a1 was found in both the tumour and CAFs of 

smokers. The significant association suggesting a novel role for COL8a1 in smoking-

induced carcinogenesis. However, the smokers showed significantly lower expression of 

DDR1 whilst 72% of non-smokers with OPSCC highly expressed DDR1. This 

contradictory association of COL8a1 and DDR1 with smoking habit could be possibly 

due to the reason that other types of collagen receptor is involved in smoking-induced 

carcinogenesis rather than DDR1. However, this result is in agreement with the 

significant association of DDR1 with the moderate risk group as mentioned above. 

Moderate risk group comprised of HPV-negative T2 to T3 OPSCC patients with less than 

10 pack-years of cigarette smoking (Lindel et al., 2001), so it suggests that the role of 

DDR1 in OPSCC carcinogenesis is dependent on factors other than smoking, such as 

HPV status.  

In addition, a significant association of COL8a1 expression in tumours and CAFs with 

lymph node metastasis was found in the present study. Significantly higher expression of 

COL8a1 was found in OPSCC with ipsilateral metastasis in lymph node which was less 

than 6cm (N1). In contrast, OPSCC with bilateral or contralateral metastasis in lymph 

node (N2) has significantly low expression of COL8a1 in tumours and CAFs. In light 

with the fact that HPV-positive OPSCC typically presents with smaller primary tumour 
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but more advanced nodal diseases with improved prognosis (Keane et al., 2015), the 

present study suggests the role of COL8a1 as worse prognosis factor as its high expression 

was significantly associated with N1. It is well understood that lymph node metastasis is 

one of the most important established negative prognostic indicator for HNSCC (Layland 

et al., 2005) and the nodal stage (N stage) has been a dominant prognostic factor in 

OPSCC (Keane et al., 2015). The analysis of present study was done in corresponding to 

the latest OPSCC prognostic classification of 8th edition of American Joint Committee on 

Cancer/ Union for International Cancer Control (AJCC/ UICC) and International 

Collaboration on Oropharyngeal Cancer Network for Staging (ICON-S) newly 

announced in year 2017. In particular, N1 to N2b stages were now reassigned to N1 due 

to similar overall survival whist traditional N2c, bilateral or contralateral nodes is now 

N2 (S. Lee et al., 2017). Since the present study found a significant difference in 

Univariate Logistic Regression analysis of COL8a1 expression between N1 and N2 

groups, in this case COL8a1 might be a potential novel lymph node metastasis indicator 

in OPSCC and improve prognostic stratification.  

8.4.4 Association and correlation of DDR1 expression with OPSCC patient survival   

In the present study, survival analyses from Kaplan Meier, Log Rank (Mantel-Cox), 

Breslow (Generalised Wilcoxon) and Tarone-ware analyses revealed that OPSCC 

patients with high DDR1 expression had a strongly significant lower 5-years survival rate 

(33%) than those with low expression (78%). This is in agreement with the Multivariate 

Cox regression analysis which demonstrated that DDR1 expression was a statistically 

significant independent risk factor in prognosis of OPSCC patients after adjustment to 

other factors such as age, gender, p16, HPV DNA, HPV RNA, risk groups, smoking, T 

stage, N stage, overall survival time and disease recurrence free survival time. The results 

of the present study are in agreement with other studies which reported the positive 
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association of DDR1 with poor survival of patients in other solid tumours. For example, 

patients with high DDR1 expression was found to have significantly shorter survival time 

than those with low expression of DDR1 in pancreatic ductal adenocarcinoma (Huo et 

al., 2015), up-regulation of DDR1 was showed in lung cancer tissues compared to normal 

tissues and associated with poor prognosis (Miao et al., 2013) and significant association 

of DDR1 with poor prognosis and poor survival in gastric cancer (Hur et al., 2017). 

However, the precise molecular mechanisms of how DDR1 negatively impacts the 

survival time of patients have yet to be elucidated and require further investigation. Taken 

together, these results suggest that DDR1 expression could be a novel prognostic marker 

for OPSCC patients and the use of DDR1 inhibitors could potentially represent a novel 

therapeutic strategy.      

8.5 COL8a1, COL11a1 and DDR1 expression, socio-demographic and clinico-

pathological features of OSCC in Malaysia 

Overexpression of a few known collagen subtypes, such as type XVI collagen have 

been shown to enhance the proliferation of OSCC cells in vitro (Ratzinger et al., 2011). 

However, the expression of COL8a1, COL11a1 and DDR1 receptor have never been 

reported in OSCC before. The present study, for the first time, provides the evidence of 

the expression of COL8a1, COL11a1 and DDR1 in a Malaysian OSCC cohort. Opal 

Multiplex Immunofluorescence staining was carried out and digitally scored using the 

Metamorph Pathology Analysis system and software under the guidance of head and neck 

pathologists.   
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8.5.1 Digital imaging and quantitative scoring of COL8a1, COL11a1 and DDR1 

expression 

Similar to the results with OPSCCs, the present study showed that COL8a1, COL11a1 

and DDR1 proteins were expressed in the majority of OSCCs, suggesting a pathologic 

role for collagen-DDR1 signalling in this disease. The expression of COL8a1 and 

COL11a1 tended to be cytoplasmic in tumour cells, cytoplasmic and nuclear in CAFs. 

This is similar with a previous report regarding the localisation of other collagens in 

cutaneous squamous cell carcinoma, where COL18 was expressed in tumour cells whilst 

COL15 appeared as deposited in tumour stroma (Karppinen et al., 2016). In contrast, the 

imaging of DDR1 revealed its membranous and cytoplasmic localization in tumours 

which suggests that it is secreted and expressed on the surface of tumour cells to interact 

with the collagens in the ECM produced by CAFs.  

8.5.2 Association and correlation of COL8a1, COL11a1 and DDR1 expression with 

OSCC patients’ clinico-pathological parameters 

Although DDR1 was significantly up-regulated in OSCC at the mRNA and protein 

levels, no significant associations were observed between DDR1 expression with age, 

gender, ethnic, smoking, betel quid chewing, drinking, cancer staging, cancer grading, 

vascular invasion, perineural invasion, bone invasion, extent of primary tumour, extent 

of regional lymph node metastasis, extra-capsular spread, skip metastasis, tumour depths, 

patients outcome and survival months. OSCC patients with high DDR1 expression 

showed lower overall survival and lower 5-years survival rate (24.5%) compared to the 

low DDR1 expression (36%). However, this comparison was not statistically significant. 

These results suggest that DDR1 signalling is generally aberrant in OSCC and is 

independent of the cause and stage of the disease. However, this result does not exclude 

Univ
ers

ity
 of

 M
ala

ya



 
 
  

249 

the possibility of correlations between DDR1 expression and the socio-demographic and 

clinico-pathological characteristics.  

In contradictory to a recent study reported that CAFs promoted bone invasion in OSCC 

(Elmusrati et al., 2017), no significant association of COL8a1 expression in CAFs was 

found with socio-demographic and clinico-pathological characteristics in OSCC. 

Interestingly, high expression of COL8a1 in tumours showed a significant association 

with patients’ survival state (deceased), tumour depth (1-10mm) and occurrence of bone 

invasion. The results of the present study suggest a novel role for COL8a1 in poor 

prognosis, bone invasion and survival of OSCC patients. This warrants further 

investigation as it has been proposed that OSCC with bone invasion has poor outcome 

(Johnson et al., 2014). Therefore, COL8a1 might be a potential therapeutic target to 

improve patients’ prognosis by inhibiting bone invasion.      

The present study provides the first evidence showing strong significant association 

between high expression of COL11a1 with female gender, Indian ethnic and betel quid 

chewing in Malaysian OSCC patient cohort. A meta-analysis of 50 studies evaluated the 

causal role of these socio-demographic factors in OSCC carcinogensis where there is 

higher risk with increasing frequency of betel quid chewing and female than male in the 

Indian subcontinent (Guha et al., 2014). Local recurrence rate is previously reported to 

be higher in patients with the positive history of betel quid chewing (Liao et al., 2014). 

Therefore, it suggests the poor prognosis role of COL11a1 in OSCC patients. 

8.6 Phenotypic impact of exogenous collagen and knockdown of DDR1 in HPV-

negative and HPV-positive HNSCC cell lines 

DDR1 has been shown to mediate matrix metalloproteinase production (Reel et al., 

2015), control linear invadosome (Juin et al., 2014), mesenchymal to epithelial transition 
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(Koh et al., 2015) and drive an aggressive phenotype in gastric cancer (Hur et al., 2017), 

pointing a role for DDR1 as an oncogene. However, its biological roles in HNSCC have 

not been reported.  

The present study examined the biological functions of exogenous collagen on 

HNSCC cell growth, motility in scratch wound and migration assays, invasion and 

response to Cisplatin were examined. Also, the effects of inhibiting endogenous DDR1 

were examined by knocking down DDR1 in HNSCC cells using a lentiviral shRNA 

system to achieve a stable and long-term knockdown of DDR1.  

Collagens are known to adopt a characteristic supercoiled triple helices structure (K. 

T. Walker et al., 2017). Hydrolysis of collagen either by acidic or alkaline treatment 

produces gelatin, which has an almost identical amino acid content and composition with 

the collagen from which it is derived, but exists in a denatured, coiled structural form 

instead of a triple-helix (Kumar et al., 2016; Nur et al., 2016; Su & Wang, 2015). In the 

past 10 years, the role attributed to collagen has been a structural one (E. D. Hay, 2013). 

The fact that DDR1 is activated specifically by the collagens in triple helix structure but 

not the denatured, de-glycosylated or degraded forms (Boraschi-Diaz et al., 2017), gelatin 

was used as a negative control in the functional experiments performed in this study.  

8.6.1 Effects of collagen and DDR1 on cell growth and colony survival 

To investigate the functional roles of collagen-DDR1 signalling in HNSCC, the 

present study used both HPV-positive and –negative HNSCC cell lines. HPV E6 and E7 

expression was confirmed in the HPV-positive cell lines. Stable knockdown of DDR1 

using two shRNA specific for DDR1 was used to confirm that any effects of collagen 

were mediated via DDR1. 
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Collagen is generally considered to stimulate the growth of cancer cells and this has 

been shown, for example, in pancreatic ductal adenocarcinoma (Rath et al., 2016) and 

breast cancer (G. Huang et al., 2017). Similarly, exogenous collagen increased the 

proliferation of all the HNSCC cell lines used in the present study. Knockdown of DDR1 

resulted in a significant reduction in cell growth compared to parental and NS controls. 

Further, knockdown of DDR1 significantly reduced colony formation and survival. These 

results are consistent with other studies that reported that DDR1 signalling promoting the 

growth of mammary tumours (Sun et al., 2018) and lung cancer (Xiao et al., 2015) and 

increased colony forming capacity in gastric cancer (Hur et al., 2017). Interestingly, the 

knockdown of DDR1 significantly abolished the growth promoting effect of collagen in 

both the HPV-negative and HPV-positive cell lines. Therefore, collagen promoted 

HNSCC growth in a DDR1-dependent manner in the present study. These data are 

supported by previous studies which showed that silencing of DDR1 but not β1-integrin 

decreased collagen induced survival in human breast cancer cells (Badaoui et al., 2017), 

collagen promotes lung cancer growth and tumorigenesis through DDR1-mediated 

tumour autonomous and non-autonomous mechanisms (Xiao et al., 2015) and the breast 

cancer proliferation regulation by collagen involved activation of DDR1 (Saby et al., 

2016).   

Some possible mechanisms to explain how collagen-DDR1 signalling enhances cancer 

cell growth can be inferred from recent research findings. For example, activation of 

downstream ERK signalling cascade (Borza & Pozzi, 2014; Xiao et al., 2015), regulating 

insulin receptor downstream signalling pathway including AKT and ERK1/2 cascades 

(Vella et al., 2017), ERK1/2 and c-Myc activation (Badaoui et al., 2017) and activation 

of Notch-1 signalling and pro-survival pathways (H.-G. Kim et al., 2017).   
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8.6.2 Effects of collagen and DDR1 on in vitro wound closure, migration and invasion 

Similarities between cancers and inflammatory responses associated with wound 

closure have been recognised and tumours have recently been regarded as wounds that 

do not heal (Schnittert et al., 2018). It has been suggested that tumours adopted and 

assimilating the wound healing process to induce the tumour microenvironment required 

for cancer maintenance and growth (Dvorak, 2015). An in vitro model of monolayer 

scratch wound closure was used in the present study to investigate how collagen-DDR1 

signalling influences cell motility in vitro. The results showed that collagen, but not 

gelatin, significantly enhanced wound closure. At the wound edge, the cells rearranged 

their membrane and cytoplasmic structure and leading to disassembly of cell-cell 

interaction for cell motility. This can be explained by the regulation of lamellipodia, 

filopodia and focal adhesions during wound healing process (Na et al., 2017). 

Knockdown of DDR1 prevented wound closure in the presence or absence of collagen, 

suggesting that collagen contributed to the wound closure by promoting cells motility by 

activating DDR1. These data are supported by a study showing that DDR1 knockdown 

attenuated scratch wound closure on collagen matrix in A431 epidermoid carcinoma cells 

that was suggested to be ADAM10-dependent (Shitomi et al., 2015). Furthermore, a 

recent study has demonstrated a functional link between collagen, DDR1 activation and 

cell contractility with regards to fibrosis in an in vivo wound healing model by showing 

that DDR1 interacts with non-muscle myosin IIA to cause collagen compaction by 

traction forces and DDR1 knockdown resulted in reduction of aligned collagen in vitro 

and in vivo (Coelho et al., 2017).  

In the present study cell migration was also assessed quantitatively using Transwell 

assays. The results showed that exogenous collagen significantly enhanced the migration 

of all HPV-negative and HPV-positive HNSCC cell lines and this migratory phenotype 

Univ
ers

ity
 of

 M
ala

ya



 
 
  

253 

was significantly attenuated by knockdown of DDR1. This finding is the first evidence 

reported using HNSCC cells but they are consistent with previous in other cancer types. 

For example, inhibition of DDR1 reduced cell migration and metastasis in colon cancer 

(Yuge et al., 2017) and DDR1 promoted metastasis in pancreatic cancer (J.-c. Yang et 

al., 2017).  

Given that local regional recurrence, lymph node metastasis and poor five-years 

survival rate of patients are often associated and attributed to the invasive property of 

HNSCC (Jimenez et al., 2015), the contribution of collagen-DDR1 to the invasive ability 

of cells using an in vitro Transwell assay was examined. In agreement with a previous 

study in gastric cancer (R. Xie et al., 2016), knockdown of DDR1 significantly suppressed 

the invasive ability of  HNSCC cells in the present study. These data are supported by the 

observation that overexpression of DDR1 resulted in osteosarcoma cell motility and 

invasiveness (Zhaofeng Wang et al., 2017). 

Although the mechanisms by which collagen-DDR1 signalling might promote 

invasion and metastasis in HNSCC are unknown, recent reports in other cancer types 

might offer some clues. For example, collagen cross-linking was shown to be induced by 

transforming growth factor 1 (TGF-β1) and enhanced invadosome formation via DDR 

activation in a  Smad-4 dependent manner in hepatocellular carcinoma (Ezzoukhry et al., 

2016). Further, another DDR1 enables the activation of JAK/STAT3 signalling and drives 

metastatic reactivation of breast cancer cells in multiple target organs, such as lung, brain 

and bone (H. Gao et al., 2016). Lastly, the overexpression of DDR1 in gastric carcinoma 

cells resulted in a significant decrease in epithelial markers with an up-regulation of in 

mesenchymal markers, suggesting that DDR1 promotes invasion and metastasis via the 

induction of an epithelial-mesenchymal transition  (R. Xie et al., 2016).   
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Taken together, the results of this study show for the first time that collagen promotes 

HNSCC cell motility, migration and invasion via the activation of DDR1. As HNSCC is 

a highly metastatic cancer and cervical lymph node metastasis is the most prominent 

prognostic factor in HNSCC (Irani, 2016), these data suggest that collagen-DDR1 

signalling could be a promising therapeutic target to inhibit invasion and metastasis.  

8.6.3 In vitro chemoresistance of HNSCC induced by collagen-DDR1 signalling  

Cisplatin or cis-Diammineplatinum (II) dichloride, is the major chemotherapeutic drug 

to treat HNSCC. It acts as a DNA intercalator that binds the guanine residues of the DNA 

and leading to cell apoptosis by forming multiple inter- and intra-strand crosslinks. Drug 

resistance is a major hindrance for successful treatment of HNSCC and remains a major 

clinical problem (Qazi et al., 2018). In the present study, collagen reduced the 

responsiveness of both the HPV-negative and -positive HNSCC cells to cisplatin and this 

effect was attenuated by the knockdown of DDR1. These results suggest a possible 

involvement of collagen-DDR1 signalling in the development of Cisplatin resistance in 

HNSCC. This finding is consistent with studies showing that chemoresistance is 

conferred by collagens in other cancer types (Rada, Eldred, et al., 2017; H.-J. Wang et 

al., 2017; Y. H. Wu et al., 2017), and in line with a previous report that there is an 

association of DDR1 levels with resistance of breast carcinoma cells towards genotoxic 

drugs (Jing et al., 2018). The inhibition of DDR1 has also been showed to improve the 

efficacy of chemotherapy in pancreatic ductal carcinoma (Aguilera et al., 2017), exhibit 

the anti-tumour effects in nasopharyngeal cancer both in vitro and in vivo (Lu et al., 2016) 

and the ectopic expression of DDR1 significantly increased the survival of lymphoma 

cells after chemotherapeutic drug treatment (Fathima Zumla Cader et al., 2013).     
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The results of the present study indicate that DDR1 activation induced by collagen 

limits the response of HNSCC cells to chemotherapeutic drugs in both HPV-positive and 

–negative disease. The underlying molecular mechanisms responsible for this effect in 

HNSCC cells have yet to be elucidated, but chemoresistance resulting from DDR1 

activation has been reported to be due to inhibition of the p53 mediated apoptosis, 

activation of Nucler Factor Kappa B (NFκB) and cyclooxygenase-2 (COX-2) (Rammal 

et al., 2016a). Together, these data indicate that specific DDR1 inhibitors might be useful 

in combination with chemotherapy to improve the therapeutic outcome. 

8.7 Opal multiplex staining  

The present study is the first attempt to validate the reliability for quantitating spatially 

overlapping protein expression in HNSCC tissues by using multiplex 

immunofluorescence, fully-automated pathology system and digital analysis software. It 

demonstrated important information regarding the feasibility in digitalised scoring of 

multiple protein expression on a cellular level in tissue sections. Firstly, a digital method 

provides more reliable data in a way of producing continuous variable data and allows 

identification of IHC cut-off points with less significant prognostic relevance by visual 

scoring. Secondly, this digitalised automated approach improves the data quality and 

accuracy in a sense that digital algorithm standardised all the laser and measurement 

parameters so that whole batch of analysis was carried out under ‘locked’ and consistent 

condition. Thirdly, it overcomes the complications in analysis in the case where co-

localisation of proteins occurred, even at single cell level in tissue sections. Notably, in 

order to assure the accuracy in automated region selection and warrant the quality of 

tissue segmentation and scoring, the whole process and post-scanning analyses in the 

present study were carried out under the supervision of expert pathologists who verified 

the data for every case. There was a minor setback in efficiency during the early phase of 
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training the system to recognise tumour and stroma areas. In spite of that, once the system 

was trained, the data analysis concordance with the pathologist evaluation reached 

agreement and eliminated possibility of false positive and negative results. Therefore, one 

of the key aspects of the present study is demonstrating the imagery in a workflow that 

significantly expands the range of metrics collectable from clinical tissue samples, whilst 

engaging the pathologist to utilise the strengths of human perception and professional 

judgment. This importantly provides a higher level of consistency and precision needed 

and prompts the colourful future in quantitative IHC and clinical research.  

8.8 Study limitations 

Although this study has been carefully designed to address specific research questions, 

there are a number of limitations that might influence the broader conclusions drawn from 

the data. Careful consideration of such limitations should be given before generalisation 

and application to practice.  

Firstly, the analyses pertaining to the clinical data in Chapter 5 and 6 were subjected 

to the power of statistical analysis. Under ethical, time, cost and availability issues and 

considerations, as many as possible clinical samples from both United Kingdom and 

Malaysia were used in the present study. Therefore, in circumstances where no significant 

differences, associations or correlations were observed, this might be due to the small 

sample size.  

Secondly, the analyses of the effects following exogenous collagen treatment was 

attributed to the activation of DDR1. However, the collagen might activate receptors other 

than DDR1, such as integrins. Therefore, the use of inhibitors to block other collagen-

binding receptors would be beneficial to confirm that the effects of exogenous collagen 

were specifically due to DDR1 activation.    
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Lastly, the results reported in Chapter 7 were largely derived from pre-clinical, proof 

of concept in vitro studies. However, findings obtained from in vitro work were 

necessarily limited by the fact that the cells are treated outside their normal biological 

environment. There was lack of interaction with surrounding tissue and blood supply and 

the culture conditions do not absolutely mimic the in vivo situation. Therefore, it would 

be important to determine if these results could be recapitulated using relevant in vivo 

animal models.  

8.9 Future work 

The results and findings of this present study identified a number of areas of research 

for future investigations as described below. These future studies arising from the present 

study are likely to have fundamental implications for a better understanding of the 

contribution of collagen and DDR1 to the crosstalk between HNSCCs with its tumour 

microenvironment. It could potentially lead to a better understanding of the pathogenesis 

of HNSCC and subsequently aid in the development of new therapeutic strategies to target 

HPV-negative and –positive HNSCC. 

The results of the present study convincingly show that DDR1 was overexpressed in 

primary clinical OPSCC and OSCC tissue samples, whilst collagens were expressed in 

CAFs. The aberrant activation of DDR1 signalling by collagens promotes the tumorigenic 

phenotypes of HPV-negative and –positive HNSCC cells. There are a number of other 

transmembrane receptors which are known to bind the extracellular matrix collagens. For 

example, integrins, immunoglobulin-like receptors and mannose receptors. The 

investigation collectively into the role of these receptors in mediating the effects of 

collagens would provide a fuller understanding of the contribution of aberrant collagen 

signalling with all their receptors to the pathogenesis of HNSCC.          
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Having shown that collagen and DDR1 promote the malignant phenotype of HNSCC, 

it would be informative to identify the precise molecular pathways and mechanisms 

involved in the regulation of the collagen-DDR1 signalling axis. Future work is suggested 

to explore the possible activation loops of DDR1 and its downstream targets or signalling 

crosstalk with other oncogenic pathways. For example, AKT, ERK and SMAD pathways. 

This might provide additional insights into the underlying tumorigenesis mechanism 

driven by DDR1 and help to explore the therapeutic potential of inhibitors or modulators 

of the signalling cascades.  

Lastly, the development of specific DDR1 inhibitors might have the potential to 

circumvent tumour growth, metastasis, invasion and chemoresistance to improve 

treatment efficacy. Therefore, testing DDR1 inhibitors in vitro and in vivo in preclinical 

studies would be beneficial to explore whether DDR1 is a useful therapeutic target for 

HNSCC. For example, the efficacy of DDR1 inhibitors could be evaluated in preclinical 

animal models, which would also facilitate studying its use in combination therapies with 

Cisplatin.         
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 CHAPTER 9: CONCLUDING REMARKS 

HNSCCs are solid tumours which regarded as “organs” that are comprised of tumour 

cells and tumour microenvironment made up of extracellular matrix and non-malignant 

mesenchymal cells. The present study shows for the first time that collagen-DDR1 

signalling promotes the malignant phenotype in HNSCCs and is significantly associated 

with worse overall survival, suggesting that this pathway could potentially be targeted for 

therapy (Figure 9.1). 

 

This study showed that COL8a1 and COL11a1 were up-regulated in senescent CAFs 

and that the collagen receptor, DDR1, was over-expressed in tumours and cell lines. The 

results show for the first time that COL8a1, COL11a1 and DDR1 were highly expressed 

in HPV-negative and -positive HNSCC and that their expression was associated with 

various clinico-pathological parameters (e.g. bone invasion, tumour depth and lymph 

node metastasis) that might predict poor prognosis. It is noteworthy that high expression 

of DDR1 was significantly associated with a low survival rate in OPSCC patients. 

Collectively, these data show that DDR1 and its ligands are expressed in HPV-negative 

and -positive HNSCC and their expression levels might contribute to patients’ poor 

prognosis. 

 

To study the mechanisms by which collagen DDR1 signalling might affect the 

prognosis of HNSCC patients, the effect of this pathway on tumour behaviour was 

examined in vitro. The results demonstrated that collagen acting predominantly through 

the kinase active DDR1 isoform, i.e. DDR1b, profoundly promotes tumour growth, 

colony survival, cell motility in wound closure and migration, invasion and suppressed 
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chemo-sensitivity. Therefore, activated DDR1 signalling promotes the malignant 

phenotype of HNSCC in multiple ways.  

Taken together, the results of this study indicate that specific DDR1 inhibitors might 

be useful as therapeutic agents for the treatment of HNSCCs, either alone or in 

combination with existing therapeutic drugs. 
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Figure 9.1: The roles of collagen-DDR1 signalling in HNSCC. 

Collagens including COL8a1 and COL11a1 secreted into the tumour microenvironment by CAFs and tumour cells activates DDR1 on the cellular 

membrane of tumours and increases tumour growth, colony survival, migration, invasion and chemoresistance in vitro and significantly associated and 

correlated to socio-demographic risk factors and prognostic clinico-pathological parameters. Abrogation of collagen-DDR1 signalling by inhibition of 

DDR1 is suggested to be a potential therapeutic strategy for HNSCC patients.  
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