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ABSTRACT 

Sidra Saeed  

Title:  Proteomic profiling of matched normal and tumour tongue biopsies from 
smokers and non-smokers. 

Subtitle:  Oncoproteomic applications for oral tongue squamous cell carcinoma 
biomarker discovery. 

Keywords:  Oral cancer, Primary tissue biopsy, Smoking, iTRAQ Proteomics, 
Biomarker discovery 
 

Despite considerable development in the therapeutic repertoire for managing 
cancer-related malignancies, head and neck cancer mortality has not significantly 
improved. The burden of HNSCC fluctuates across countries and has been 
associated with exposure to tobacco-derived carcinogens, excessive alcohol 
consumption or combinations. Due to late detection, patients often present with 
oral pre-malignant lesions which have progressed to an advanced stage of 
HNSCC. In this study, the samples were from a male cohort as generally, men 
are at two to four-fold higher risk than women with over 90% of HNSCCs arising 
in the upper aerodigestive tract. Therefore, the purpose of this thesis was to 
identify HNSCC biomarkers in males associated within defined anatomical region 
(tongue) and causative agents, specific to smoking. 

An iTRAQ proteomic approach was used to profile protein changes in matched 
normal and tumour samples from male non-smoking (n=6) and smoking patients 
(n=6) with tongue carcinomas revealing identification of potential targets specific 
to cancer. Samples were subjected to liquid nitrogen cryo-pulverisation and 
protein determination. Protein extracts from the same category were pooled, 
trypsin digested and iTRAQ 4-plex labelled. Data was generated by 2D-LC/MS 
on an Orbitrap Fusion and significantly changed proteins (median ± SD) were 
subject to bioinformatics appraisal. A total of 3426 proteins were identified and 
quantified by proteomic analysis. Comparison of non-smoker tumour (NS:T) with 
smoker tumour (S:T) distinguished 64 proteins that were upregulated and 62 
downregulated, S:T vs S:N categorised 349 proteins up- and 395 down-regulated 
respectively and NS:T vs NS:N identified 469 proteins up- and 431 down-
regulated, respectively. Arginase-1 (ARG1), Keratin Type-2 Cytoskeletal 8 
(KRT8), Lipocalin-1 (LCN1) and DNA replication licensing factor MCM2 (MCM2) 
were identified as biologically associated with smoking compared to non-
smoking, providing viable targets for verification by immunochemical methods 
which further supported the proteomic data. 

Overall, the project demonstrated the importance of using matched biopsies with 
good clinicopathological data for experimental design and provided a set of 
unique targets for a more expanded verification study. 
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1. CHAPTER ONE: INTRODUCTION 

1.1 Cancer  

Cancer is a complex and lethal disease, which can be defined as an 

uncontrollable growth of cells in nearly all body tissues. It is an ongoing epidemic 

with a record of 19.3 million new cases and 10 million deaths in 2020 world-wide1. 

According to the National Health Service, head and neck cancer (HNC) is the 8th 

most common cancer in the UK and accounted for 3% of all new cancer cases 

during 2016-20182. Significant efforts and advances have been made to study 

HNC, however, the complexity of the anatomy and diverse range of causes 

results in a challenge to establish complete stratification and characterisation of 

the disease. 

1.1.1 Hallmarks of Cancer  

Cancer research predicted there are small number of biological properties 

common to all cancer cells. It has been suggested that the properties cause an 

imbalance in cellular functions which are responsible for cell homeostasis. To 

date, ten alterations in cell physiology which support malignant growth, also 

known has the hallmarks of cancer (Figure 1.1), have been implied3: 

1. Self-sufficiency in growth signals: normal cells stay in a non-proliferative 

state until they receive a mitogenic growth signal4. 

2. Insensitivity to antigrowth signals: during active proliferative phase, normal 

cells are responsive to signals from their environment and decide whether to 

remain in quiescent state or grow based on signals transmitted through the 

retinoblastoma protein (pRb)5. 

3. Evasion of programmed cell death: 
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Apoptosis, i.e. programmed cell death, is primarily responsible for decreasing the 

tumour cell populations6. 

4. Limitless replicative potential: tumour cells ability to resist antigrowth 

signals and apoptosis allows infinite growth, independent of external signals7.  

5. Sustained angiogenesis: tumour cells initially have no angiogenic abilities, 

however, the cells manage to create in vivo environment with enough oxygen and 

nutrients to provide correct cell function and survival via the formation of new 

blood vessels8. 

6. Tissue invasion and metastasis: once the primary growth of the tumour is 

stabilised, the cells invade to adjacent tissues and begin growth of a new tumour 

mass. Metastasis of tumour is when the cancer cells enter the blood stream and 

migrate to new areas of the body9. 

7. Genome instability and mutation: the high rate of mutations in cancer cells 

is explained via their increased sensitivity to DNA damaging agents and 

supported by errors in the systems monitoring genomic integrity10. 

8. Tumour-promoting inflammation: tumour tissues contain cells of the 

immune system and in doing so exhibit inflammation. The immune system will 

play its role and try to eliminate the tumour cells; however, the only way tumour 

cells successfully escape the invasion is through the acquirement of new 

mutations11.   

9. Reprogramming energy metabolism: cancer cells must maintain an 

adequate energy in order to maintain increased proliferation. Normal cells 

produce energy through oxidative phosphorylation in aerobic conditions and 
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through glycolysis in anaerobic conditions. Cancer cells produce their energy 

through glycolysis, even under aerobic conditions12. 

10. Evading immune destruction: studies on mice with immunodeficient 

characteristics supported the theory that immune system plays a role in 

preventing the formation of a tumour as growth was rapid in immunodeficient 

mice in comparison to immunocompetent mice13. 

 

 

 

 

 

 

 

 

1.2  Head and Neck Cancer  

Over 90% of HNCs are histopathologically squamous cell cancers commonly 

arising in the upper aerodigestive tract (UADT) therefore known as head and neck 

squamous cell carcinoma (HNSCC). The remaining 10% include blastomas, 

neuroendocrine tumours, lymphomas and sarcomas.14. This encompasses a 

varied set of tumours deriving from either the oral cavity, pharynx, larynx, 

paranasal sinuses, nasal cavity or salivary glands (Figure 1.2)15. The prevalence 

of HNSCCs worldwide is as follows, ranked highest to lowest for number of cases 

Figure 1.1: Hallmarks of cancer. 

Accessed from Hanahan D. and Weinberg, R. A. (2011)3.  
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in 2020: oesophagus (3.1%), lip/ oral cavity (2.0%), larynx (1.0%), nasopharynx 

(0.7%), oropharynx (0.5%), hypopharynx (0.4%) and salivary gland (0.3%)16. The 

most widespread malignant tumour is squamous cell carcinoma, with oral tongue 

squamous cell carcinoma (OTSCC) responsible for up to 25-40% of all head and 

neck cancers17. Given the prevalence of OTSCC, and ease of sample retrieval 

compared to tumours from other regions, this subtype was the experimental focus 

for the project.  

 

 

 

 

 

 

 

 

 

The incidence and prevalence rate of HNSCC malignancies varies across the 

world, with a greater propensity in less developed regions. The incidence 

continues to rise and is predicted to increase by 30% (1.08 million new cases 

annually) by 2030 globally18. In most countries, current 5-year survival rates for 

oral and oropharynx cancers are around 50-60% whereas the survival rate for 

cancers of the lip is higher (>90% of patients)19. 

Figure 1.2: Regions affected by HNSCC. 

Adapted from National Cancer Institute (Head and Neck cancer)4. 
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The increased prevalence of HNSCC in areas such as Southeast Asia and 

Australia is strongly associated with consumption of specific carcinogen-

containing products (see Section 1.2.5), whereas high rates in USA and Western 

Europe are associated with HPV infection20. 

In South-Central Asia, laryngeal and nasopharyngeal cancers account for a 

higher percentage of malignancies than in other regions of the world, for example 

in China 55% of HNC are nasopharyngeal cancers21,22. Low socioeconomic 

status and a diet lacking fruits and vegetables adds to the high occurrence. 

Furthermore, the rate of HNSCC incidence, especially of the tongue, in young 

adults of the Pakistani and Bengali ethnicity (<40 years of age) appears to be 

increasing23. HNC is also highly prevalent in Sri Lanka, Bhutan, Nepal and oral 

cancer accounts for over 50% of all malignancies in India24. Frequently, in parts 

of the world with high rates of HNSCC; evidence, records and data for incidence 

and mortality are not of sufficient quality for epidemiology analysis. 

In Europe, cancers occurring in the lip and oral cavity had an estimated 61,400 

new cases diagnosed in 2012 and have since increased to 100,000 per year in 

202125. The incidence rates in Northern Europe are above average compared to 

Mediterranean and its central regions. The causes for the difference within these 

regions are still unknown; however, underlying reasons may include lack of 

awareness, knowledge of care and well-being, and limited access to healthcare 

facilities26. 

Irrespective of the relatively low incidence of oral cancers in some countries (e.g. 

South Korea and Saudi Arabia)27, the trends are reflective of the tremendous 

burden of HNSCC on public health. 
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1.2.1 Gender disparities  

In most parts of the world, HNSCC is more common in men compared to women 

(Figure 1.3)18. Depending on the geographical region, such as in Europe, there 

is a high male-to-female ratio of incidence, ranging from 2:1 or 4:1, with a median 

age of diagnosis within the sixth decade of life28. More specifically, high rates of 

oral cancer for men were found in Russia, East European countries, UK, France, 

Spain, Australia and South Asian countries, including India and Pakistan (Figure 

1.4)18. Women also saw the highest rates in Australia, South Asia but also 

throughout Northern and Eastern Europe in South Africa and US, but at generally 

lower levels than for men (Figure 1.5)18.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3: World incidence rates of oral cavity for males and females. 

Adapted from the global cancer observatory6. 



7 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1.5: Global estimate of oral cavity cancer incidence rates in females, 2020. 

Adapted from the global cancer observatory6. 

Figure 1.4: Global estimate of oral cavity cancer incidence rates in males, 2020. 

Adapted from the global cancer observatory6. 
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1.2.2 Staging  

The most important prognostic factor is the anatomical classification of the 

disease, which is best described by the Tumour, Node and Metastasis (TNM) 

staging system. TNM values are assigned during the staging process of head 

and neck cancer, based on its appearance and mass as shown in Figure 1.6 for 

OTSCC ( ���+�D�U�U�L�V�R�Q���7�5�����+�D�U�U�L�V�R�Q�¶�V���3�U�L�Q�F�L�S�O�H�V���R�I���,�Q�W�H�U�Q�D�O���0�H�G�L�F�L�Q�H���± 19th Edition). 

Stage 0: the tumour is still located in the primary site and there is no presence of 

cancer cells in deeper layers of tissue or nearby structures. 

Stage I: the primary cancer is 2cm across and there is no presence of cancer 

cells in deeper layers of tissue or nearby structures. 

Stage II: the tumour measures 2-4cm across and there is no presence of cancer 

cells in deeper layers of tissue or nearby structures. 

Stage III: the tumour measures larger than 4cm across and there is no presence 

of cancer cells in deeper layers of tissue or nearby structures. 

Stage IV: the tumour is any size and there is presence of cancer cells in deeper 

layers of tissue or nearby structures. 

�x IVA: Tumour invades skin, mandible, ear canal and/or fascial nerve 

�x IVB: Tumour invades skull base and/or pterygoid plates and/ or encases 

carotid artery 
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1.2.3 Molecular mechanism 

Genetic alterations such as segregation of chromosomes, gene deletions/ 

mutations can diminish activities of tumour suppressing genes and aid in 

advancement of oral pre-malignancy and oral cancer28. The progression of any 

HNC is a complex multistep process which necessitates a progressive 

achievement of genetic and epigenetic modifications (Figure 1.7). Microsatellite 

analysis of early tumorigenesis of the tongue showed that (a) there is a 

continuous increase in genetic alterations which aid the alterations of squamous 

hyperplasia to dysplasia to invasive carcinoma, (b) the build-up of genetic 

modifications roughly follows a sequential order, (c) the loss of functional 

chromosomes allows the targeting of key genetic pathways including cell growth 

Figure 1.6: Stage progression of oral tongue squamous cell carcinoma 

(OTSCC). 

Adapted �I�U�R�P�� �+�D�U�U�L�V�R�Q�� �7�5���� �+�D�U�U�L�V�R�Q�¶�V�� �3�U�L�Q�F�L�S�O�H�V�� �R�I�� �,�Q�W�H�U�Q�D�O�� �0�H�G�L�F�L�Q�H���± 19th 
Edition (2017). 
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and stromal interactions and (d) genetic damage leads to small genetic 

changes29. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The development of any head and neck cancer is governed by the inactivation of 

tumour-suppressor genes or the activation of proto-oncogenes30. Stromal and 

immune cells also contribute to carcinogenesis through the action of telomerase 

which immortalises cancer cells and is highly responsive in 90% of head and neck 

premalignant lesions31,32. There are a number of genetic aberrations in HNCs, of 

which the most common is the loss of 9p21 chromosome (70-80% of HSNCC)33. 

Point mutations, homozygous deletion or hyper-methylation have been shown to 

cause chromosomal alterations such as the loss of 3p chromosome in early 

HNSCC carcinogenesis, and 17p and TP53 point mutations in over 50% of HNC 

Figure 1.7: Genetic, epigenetic and the visual modifications of OTSCC sufferer. 

Accessed from A Forastiere (2001)17. 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Forastiere+A&cauthor_id=11756581
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cases34. Moreover, enhanced expression of cyclin D1 and 11q13 has been 

detected in HNCs and shown to contribute to aggressive tumour behaviour35. 

Epidermal growth factor receptor (EGFR) is dominant in head and neck cancer 

biology and is a member of the ErbB growth factor receptor tyrosine kinase 

family36. Homo-dimerization or hetero-dimerization of EGFR occurs on ligand 

binding, prompting a signal cascade and activating receptor-linked tyrosine 

kinases which regulates molecular pathways including apoptosis, proliferation, 

angiogenesis and metastatic potential (Figure 1.8)37. Retrospective analysis has 

shown EFGR protein expression in 90% of head and neck cancers, strongly 

correlated with a poor outcome for patients. Thus, EGFR has proven to be an 

efficacious therapeutic target38. 

 

 

 

 

 

 

 

 

 

 

Angiogenesis has previously been identified as a fundamental hallmark of cancer 

growth and metastasis, regulated by numerous endogenous proangiogenic 

Figure 1.8: Schematic representation of the major molecular pathways affected 

in HNSCC. 

Accessed from Suh Y (2014)25. 
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(VEGF and VEGFR) and antiangiogenic factors (thrombospondins, angiostatin 

and endostatin)39. These soluble mediators are produced during HNCs 

progression and directly influence the immune response. 

Immune-mediated destruction of malignant cells has been observed in HNCs as 

anti-tumour immune defence is impaired and inhibited. This has been proven by 

the intensive analysis of peripheral blood from head and neck cancer patients 

where there was a reduced concentration of CD4+ and CD8+ T cells40. 

1.2.4 Risk Factors 

1.2.4.1 Lifestyle choices 

1.2.4.1.1 Tobacco 

As early as 1957, cigarette smoking was identified as an independent risk factor 

for oral and oropharyngeal cancer41. With increased awareness, other tobacco 

products such as pipes, cigars, inhaling snuff or chewing tobacco, were also 

confirmed as risk factors28. There are more than 1.25 billion users of tobacco 

products worldwide42, although the smoking rates have greatly decreased in 

developed countries over the past three decades, cigarette use continues to 

remain high for men in the United States ( 14.1% men and 11.0% women)43,44. 

However, in developing countries, four-�I�L�I�W�K�V���R�I���W�K�H���Z�R�U�O�G�¶�V���S�R�S�X�O�D�W�L�R�Q�V�����V�P�R�N�L�Q�J��

rates are much higher. 

A dose-response effect has been identified consistently, especially between the 

duration and frequency of smoking, resulting in an increase of HNSCC by 10 

times. Furthermore, there is a correlation between the time since quitting and the 

decrease in risk of the disease by 35%45,46. HNSCC malignancies of the 

nasopharyngeal and sinus have a weaker connection with tobacco in comparison 

to malignancies of the oral cavity47. 
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More than 60 carcinogens have been identified in tobacco, including the tobacco-

specific nitrosamines (TSNAs) and polycyclic aromatic hydrocarbons (PAH)48,49. 

Approximately 1015 free radicals have been measured in one inhalation of a 

cigarette which can initiate alterations in antioxidant enzymes e.g. superoxide 

dismutase, diminishing the activity of tumour suppressor genes such as 

p5350,51,52. 

1.2.4.1.2 Alcohol 

Alcohol consumption (2 billion drinkers worldwide) can be carcinogenic and in 

combination with tobacco, has become the major risk factor in a synergistic dose-

response manner, increasing the risk of HNSCC by 30-fold53,54. Alcohol can also 

be a risk factor independent of smoking, particularly in the case of very high levels 

of consumption (over 14 drinks for men and over 7 drinks for women per week). 

Heavy alcohol drinkers can suffer from nutritional deficiencies such as vitamin B 

deficiency, which can raise the risk of HNSCC. 

Studies have also shown that the type of alcoholic beverage such as fermented 

or distilled beverages correlates with risk, where ethanol was identified as the 

highest risk factor55. Ethanol is metabolised into carcinogenic acetaldehyde by 

epithelial cells. Additionally, some alcoholic beverages contain carcinogenic 

contaminants similar to those identified in tobacco i.e., nitrosamines, as a result 

of the fermentation process. Modest quantities of ethanol change the metabolism 

of nitrosamines making it carcinogenic56. Furthermore, alcohol can act as an 

irritant for the mouth and throat. This results in the damage of cells attempting to 

repair which could lead to DNA changes, increasing the likelihood towards oral 

cancer57. 
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1.2.4.1.3 Betel quid 

Betel quid or paan chewing is a habit carried out by 0.6-2.1 billion individuals 

worldwide58. Only three stimulants (nicotine, ethanol and caffeine) are consumed 

more than betel in the Western Pacific basin and South Asia59. Betel nut chewing 

is more prevalent in South Asia (Pakistan, Myanmar and subcontinents of India) 

and East Asia (Korea). In developed countries, the use of betel quid chewing is 

highly discouraged due to the carcinogenic and dysesthesia properties; 

nonetheless betel is still widely available in the West in communities that have 

migrated from Asian countries60. 

The formulation comprises areca palm nut (also known as betel nut), leaf of the 

betel pepper, lime (calcium hydroxide) and sometimes tobacco leaves, increasing 

its effects as a risk factor. Even when consumed without tobacco, areca nut 

contains arecoline; a stimulant containing nicotinic and muscarinic agonist 

properties. Arecoline plays a major role in the multistage progression of oral 

cancer61. When the betel nut is chewed alongside other ingredients, it produces 

a blood-red colour and produces psychoactive effects such as euphoria60. The 

red fluid stains and pigments oral structures and subsequently after years of use, 

the teeth turn black. When betel quid is chewed with tobacco specifically, the risk 

of oral cancer increases seven-fold compared to smoking or alcohol 

consumption62. 

The quantity, frequency and age that one can start chewing betel varies with local 

traditions as there are no legal restrictions in countries such as Pakistan and 

Taiwan. The defined role of betel quid chewing in causing cancer has not been 

fully explored, however, in Papua New Guinea, where oral cancer is the most 

common malignancy, the cancers reported were concentrated at the corner of 

the mouth and cheek, which are the regions associated with betel quid chewing63. 
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1.2.4.1.4 Infective agents 

Human papilloma virus (HPV), a double-stranded DNA virus, which infects basal 

layer squamous epithelial cells, is contracted by 80% of sexually active 

individuals at some point in their lives64. HPV is most frequently associated with 

cervical cancer but is a resilient risk factor for the development of HNSCC. This 

is especially the case for oropharyngeal cancer with HPV subtype 16 (HPV-16) 

as the most harmful form65. Carcinoma of the oral cavity caused by HPV infection 

has become a distinct disease entity, as the patients are younger compared to 

those consuming tobacco and alcohol. A history of oral sex, having numerous 

partners or being homosexual are linked with tonsillar and oropharyngeal cancer. 

However, transmission of HPV from women to men is higher than from men to 

women64. The sufferers also have delayed diagnosis as symptoms are presented 

with small primary tumour and large neck nodes66. 

Despite presenting an advanced stage of HNSCC, HPV-positive patients have a 

more promising prognosis because the tumour has a higher response rate after 

chemotherapy induction and chemoradiotherapy treatment thus  patients have 

an increased survival rate compared to HPV-negative patients67. 

1.2.4.2 Environmental agents 

1.2.4.2.1 Diet 

�$�Q�� �L�Q�G�L�Y�L�G�X�D�O�¶�V��food intake mirrors their health. Strong evidence suggests that 

high intake of animal fats and low intake of fruits and vegetables have become 

risk factors of HNSCC. As early as 1998, it was shown that women who 

consumed less fresh fruits and vegetables were at a higher risk of oral and 

pharyngeal cancer68. In a Chinese population study, intake of citric fruits and dark 

green vegetables were linked to decrease risk whereas salted fish and meat or 

deep-fried food items were associated with an increased risk of laryngeal cancer. 
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Preserved food such as salted fish contain a high content of nitrosamine 

compounds which were linked with nasopharyngeal carcinoma risk69. 

Recent evidence has suggested that vitamin A and beta-carotene initiates the 

protective effects of fruits and vegetables, and as consequence a deficiency of 

carotenoids seems to be a risk factor for HNSCC and lung cancer70. A high intake 

of vitamin C and E has also been shown to have protective effects against 

HNSCC71. 

1.2.4.2.2 Socio-economic factors 

It has been indicated that the incidence of HNSCC is higher in socioeconomically 

deprived populations. There is a strong association between socioeconomic 

status and HNSCC with lower educational knowledge with those performing low-

income manual labour more likely to smoke and consume alcohol55. Furthermore, 

specific occupations such as woodworkers in the furniture-building industry are 

prone to carcinomas of the paranasal sinuses and those involved in leather 

manufacturing, nickel refining, the textile industry and, historically, radium dial 

painting have increased risk of head and neck cancers72,73,74. 

1.2.5 Diagnosis  

Physical examination is the initial way to discover lesions and lumps of the upper 

alimentary. HNSCC patients often undergo a very comprehensive physical 

examination which includes palpation of the head and neck region, neurological 

examination especially of the cranial nerves as well as laryngoscopy and 

nasopharyngolaryngoscopy if indicated75. 

Conventional oral examination (COE) is often conducted by a trained dentist 

where good light and retraction tools are used to achieve a comprehensive 

examination of oral cavity including buccal mucosa, tongue, submandibular and 
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upper cervical lymph nodes. Advantages of COE include negligible invasiveness 

and low examination time, no morbidity and cost efficiency as no additional 

special facilities are required. However, the success of the screening is highly 

dependent on the knowledge and experience of the examiner76. 

The objective of oral screening  is to identify tissue changes and to precede the 

likelihood of HNSCC developing. Patients identified as high risk should be 

consulted for further extensive examinations by specialists. 

Furthermore, detection methods such as toluidine-blue staining, brush biopsies 

and fluorescence imaging are used for early-stage detection, however, the 

prevalence of advanced HNSCC continues to rise77,78,79. The high number of 

malignancies due to poor prognosis highlights the urgent need for early detection 

and more effective disease management. 

Tissue biopsy coupled with conventional visual and tactile exam (CVTE) is the 

current gold standard for any oral cancer screening, however, there are 

limitations. CVTE does not allow distinctive diagnosis between premalignant and 

early malignant lesions, which require significantly different treatments80 (see 

Section 1.2.7). Most patients do initially present with benign lesions, 

nevertheless, it is still very difficult to distinguish between inflammatory and 

reactive lesions. One of the main reasons for this is that premalignant lesions do 

not always demonstrate the classic characteristics of oral cavity squamous cell 

carcinoma (OCSCC): ulceration, pain or induration. Rather, the lesions presented 

are highly heterogeneous in nature and exhibit behaviour of inflammatory 

lesions81. In order to overcome these issues, techniques such as handheld light-

based devices (auto-fluorescence/ tissue reflectance), salivary tests and cytology 
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are used. However, additional evidence is required to support the use of other 

techniques in conjunction with CVTE for more accurate diagnosis82. 

1.2.6 Treatment 

When treating any HNSCC case, a large team of specialists is required including 

head and neck surgeons, radiation oncologists, medical oncologists, plastic 

surgeons, psychologists, speech therapists and frequently dentists. The 

management of head and neck cancers usually involves the consideration of 

swallowing, organ preservation and comorbid illnesses83. There are a range of 

treatments for head and neck cancer, which include: 

1.2.6.1 Surgery 

This is the most common treatment however it is restricted by the anatomical 

extent of the tumour and the need for healthy tissue preservation. For cancers of 

oral cavity, pharynx and larynx, surgical removal is feasible with preservation of 

structure and function84. The use of endoscopic laser or robotic techniques have 

proven to be cost-effective in comparison to open surgical procedures85. 

1.2.6.2 Radiotherapy 

 This has proven to be an important part of treatment alone as results indicated 

high tumour control and increase cure rates (56.0% when coupled with 

surgery)86,87. Intensity-modulated radiation therapy, an advanced type of 

radiation therapy which uses conformal radiotherapy beams closely to fit the area 

of cancer. It precisely radiates very high dose to tumour and normal healthy cells 

which are nearby, receive a much lower dose ad represents as an improved 

method of radiotherapy as it can produce 3D results88. 
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1.2.6.3 Chemotherapy and targeted agents 

Platinum compounds (cisplatin and carboplatin), antimetabolites (fluorouracil) 

and taxanes (paclitaxel and docetaxel) have been used for treatment of 

HNSCC89,90. Likewise, EGFR inhibition has emerged as a novel treatment for 

head and neck cancers with cetuximab as the foremost molecularly targeted 

agent introduced into standard practice91. The mutational profiles of HNSCCs and 

acquired resistance to current treatments has highlighted interest in other 

methodologies involving multi/single-selective tyrosine kinase inhibitors (e.g. 

erlotinib) and nucleic acid-directed approaches such as oligonucleotide 

targeting92. 

1.2.7 Early stage and locally advanced pathology  

Approximately a third of all patients with HNSCCs present with stage I or II of 

disease93. This influences the approach of treatment as it is performed dependent 

on the primary site. For instance, early stages of HNSCC in the oral cavity, are 

treated via surgery or radiotherapy whereas early stages of oropharyngeal and 

hypopharyngeal carcinomas are generally presented with radiotherapy option 

first94,95. 

For individuals with stage III or IV, concurrent administration of chemotherapy 

and radiotherapy (chemoradiotherapy) is introduced96. In comparison to 

radiotherapy alone, chemoradiotherapy has proven to boost loco-regional 

control, particularly, in a phase III trial where radiotherapy was compared to 

concurrent chemotherapy with or without cisplatin97. 

Nevertheless, with any treatment, there are significant side effects. For example, 

chemoradiotherapy has a risk of acute complications such as dermatitis and 

mucositis as well as reoccurrence. 
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1.2.8 Complications 

Acute and late complications can occur because of reoccurrence of the cancer 

or inaccurate treatment. Radiation-associated acute toxic effects can occur which 

includes dysphagia, loss of taste and hoarseness of the voice caused by 

laryngeal oedema98. Skin and oral care, intravenous hydration and enteral 

nutrition are part of the demanding routine required to maintain a good function 

and structure of healthy tissue. Dysfunction in swallowing may occur which can 

become permanent if not cared for. In around 60% of long-term survivors, 

radiation can induce xerostomia (dry mouth) as a side effect which can be treated 

with surgical transfer of salivary gland.... Furthermore, social and psychological 

problems can occur due to the anatomical and functional defects induced by the 

cancer itself. 

1.2.9 Biological model for HNSCC  

The limitations and drawbacks of current screening and diagnostic procedures 

along with the debilitating effects of treatment highlight the importance of finding 

early detection and disease stratification markers to provide a more rapid 

response to increase survival rates. The identification of biomarkers requires the 

use of an appropriate biological model which can recreate as accurately as 

possible, the characteristics of human tissue function or disease. Biological 

models should support an understanding of the knowledge from pathogenesis to 

clinical phenotype which are required for basic scientific and clinically meaningful 

study. 

1.2.9.1 Primary isolated cells 

Primary cultures contain fresh homogenous cells derived from living organisms 

and correspond to in vivo cells more closely99. The isolated cells can also be used 

to create organoids. The cells are grown in a three-dimensional environment and 
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are highly representative of both biochemically and physiologically in vivo state. 

However, this technique is challenging to prepare100. 

Nevertheless, the cells in primary cell line usually have a reduced life span and 

typically divide once or twice before undertaking a process of senescence or 

transforming to a continuous cell line thereby changing their characteristics with 

subsequent passaging101. 

1.2.9.2 Immortalised cell lines 

Immortalised cells are derived from primary cell culture, often commercially 

sourced and have extended life span with the ability to provide consistent and 

reproducible results as the cells are theoretically a genetically identical 

population. The cells are easily accessible as they are not extracted from a living 

animal and their quick growth allows large quantities of cells to be produced, 

which is important for proteomics studies as proteins cannot be amplified in the 

same way as RNA and DNA102. Additionally, the cells can also be used to create 

spheroids. However, due to the immortalisation process, the cells are not an 

accurate representation of in vivo/ in situ biological model. Furthermore, the cells 

can change their characteristics after several passages thus regular validation of 

their phenotype is important. Furthermore, it is arguable that the cells can become 

tumorigenic with abnormal surface markers103. 

1.2.9.3 Xenografts 

Xenografts refer to implantation of either commercially available tumour cell lines 

or patient-derived xenografts-derived cells under the skin or directly into an organ 

in which the tumour originated of immunosuppressant mice or a specific site 

where metastasis is known to occur. The purpose is to conduct in vivo efficacy 

assessment of potential cancer therapies such as antibody therapies, cytotoxic 
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drugs, targeted and viral therapies. Xenografts can provide excellent 

reproducibility and the beneficial usage of xenograft models are the similar 

histology to the initial tumour. However, the mice models fail to induce an immune 

response similar to humans104. 

1.2.9.4 Tissue biopsies 

Tissue biopsies are clinical samples which provide direct analysis of tumour 

�W�L�V�V�X�H�V���W�K�X�V���F�R�Q�V�L�G�H�U�H�G���D�V���W�K�H���µ�J�R�O�G���V�W�D�Q�G�D�U�G�¶�����3�U�R�W�H�R�P�L�F-based analysis allows 

profiling of tumour tissues which can identify the changes led by disease to cause 

cancer. Sample acquirement also requires many steps and coordination with 

pathologist, clinicians and having access to facilities which allows snap-freezing 

the tissue to prevent degradation. Tissues provide the advantage of direct 

analysis to the origin of the disease in comparison to the microenvironment. 

However, proteomic analysis from a diagnostic perspective has its limiting factor 

such as experimental repeatability as obtaining a tissue biopsy can be invasive 

and costly, depending on the location of the tumour. 

1.2.9.5 Liquid biopsies 

A liquid biopsy e.g., saliva, is a minimally invasive collection  of bodily fluids which 

can provide insight into physiological changes in the organ from which fluid is 

collected. The use of bodily fluids allows the potential for longitudinal studies as 

samples are more accessible with reduced risks of complications105. 

1.3 Biomarkers for HNSCC  

�7�K�H���1�D�W�L�R�Q�D�O���&�D�Q�F�H�U���,�Q�V�W�L�W�X�W�H���G�H�I�L�Q�H�G���D���E�L�R�P�D�U�N�H�U���D�V���µ�D���E�L�R�O�R�J�L�F�D�O���P�R�O�H�F�X�O�H���I�R�X�Q�G��

in blood, other body fluids, or tissues, that is a sign of a normal or abnormal 

process, or a condition or disease. A biomarker may be used to see how well the 

body responds to a treatment for disease or condition15. 
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Prior to biomarkers being used for clinical decision making, a series of steps are 

taken for bench-to-bedside development: 

A. Discovery phase: identification of the biomarker target 

B. Confirmation phase: confirmed of identification through repeated 

laboratory experiments followed by validation techniques 

C. Validation and refinement phase: testing of biomarker during clinical trials  

D. Adoption phase: validation of preclinical findings in an independent patient 

cohort. 

Once a biomarker has successfully passed all four stages, its use may be 

adopted into routine use for cancer treatment. Classification is based on 

molecular structure and functions however to device a globally acceptable 

classification system for tumour markers has proven to be difficult. Therefore, 

biomarkers can have four main functions in clinical application, including (1) 

diagnosis, (2) prognosis, (3) selection of treatment and (4) drug dosage.  

For HNSCC, certain signalling pathways are more frequently affected such as 

p53, EGFR, P13-kinase, mTOR, DNA repair, angiogenesis, genetic instability, 

dissociation, invasion, cellular adhesion, migration and metastasis106.  

1.3.1 Emerging biomarkers 

Genetic abnormalities of the phosphoinositide 3-kinase (PI3K) pathway are 

common in HNSCC. PIK catalytic subunit alpha (PIK3CA) combined with 

activated PI3K triggers downstream effects on transcription, protein synthesis, 

metabolism, apoptosis and proliferation107. Early data indicated 8% of HNSCC 

samples with PIK3CA mutations however more recent results have identified 

mutations in 21% of HNSCC sample, with 73% localised to trouble spots that 

promote activation108,109. 
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Phosphatase and tensin homolog (PTEN) expression loss was also associated 

with activation of 30% of HNSCCs, which may be a result of mutation (e.g. 

genomic instability) or PTMs110,111,110. 

EGFR is known to give high expression in more than 90% of HNSCC which 

corresponds to not only the growth and progression of the tumour growth but also 

increased resistance to therapy and poor outcome for patients with HNSCC112. 

Cetuximab (targets extracellular part of EGFR and its expression) was initially 

used in standard practise even though many other molecular agents for treatment 

were available. Survival rate refinement in patients as a result of combination of 

cetuximab and conventional radiotherapy emphasises the importance of 

biomarker application113.   

Ephrin type-b receptor 4 (EphB4) and Ephrin B2 are part of the tyrosine kinase-

Eph receptor family. The overexpression of these markers was identified among 

HNSCC patients with reduced overall survival hence utilised for targeted 

therapy114.  

1.3.2 Tumour suppressor biomarkers 

Disruptive TP53 mutation, such as missense mutations, were  present in 50-80% 

of HNSCC and strongly associated with harsher prognosis after surgical 

treatment115,34. Furthermore, mutations of TP53 were associated with reduced 

survival time and tumour resistance to radiotherapy and chemotherapy116. 

Kruppel-like transcription factor (KLF6) gene can become dysregulated due to 

LOH and can be used to identify tumour recurrence in HNSCC and predict patient 

survival117.  

In this era of biomarker-driven cancer therapy, current standard therapies for 

HNSCC are either too toxic or have low response rates thus not beneficial to all 
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patients. The emphasis to improve patient survival and reduce treatment-related 

toxicity through the identification of early detection biomarkers should be the 

focus of future studies. Studies have shown statistical significance however have 

been unsuccessful in translating the biomarkers from laboratory to clinical 

practise. Nevertheless, the integration of omics approach, more specifically 

proteomic analysis, can present itself to be useful to gain a better understand 

gain a better understanding of protein expression. 

1.4 Introduc tion to Proteomics  

�3�U�R�W�H�R�P�L�F�V���L�V���G�H�I�L�Q�H�G���D�V���µ�W�K�H���D�Q�D�O�\�V�L�V���R�I���W�K�H���H�Q�W�L�U�H���S�U�R�W�H�L�Q���F�R�P�S�O�H�P�H�Q�W���H�[�S�U�H�V�V�H�G��

�E�\���D���J�H�Q�R�P�H�����R�U���F�H�O�O���R�U���W�L�V�V�X�H���W�\�S�H�¶118. Each cell commonly follows the path from 

DNA to RNA via transcription to protein via translation. Proteins are classified as 

macromolecules due to their extended chains of amino acids119. 

1.4.1 Importance of proteomics  

Proteins are the most important molecular components in the cell and responsible 

for numerous functions i.e., cell maintenance. The study of proteins allows insight 

into how proteins affect cell process or the external environment120. The objective 

of proteomics is to analyse the proteomes of a biological system in varying 

conditions or times, so that changes in the proteins linked by common molecular 

mechanisms, biological processes or location can be identified and quantified, to 

establish perturbations in cellular, tissue or whole organism-level functions. This 

has proven particularly useful in the study of cancers, including HNSCC121. A 

proteomic approach has helped understand how predictive biomarkers can lead 

to identification of abnormalities which lead to the development of OTSS whilst 

prognostic biomarkers have been identified as helping to predict patient response 

to treatment and potential prognosis. Specific protein expression can be 

increased or decreased in each type of cancer compared to the healthy tissue 
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providing an understanding of oncogenic mechanisms. For example, lymph node 

metastasis was studied as an indicator of poor prognosis for OTSCC using 

proteomics. Through this, 43 extracellular vesicles-associated proteins were 

identified with deregulated expression patterns in OTSCC when compared to 

non-cancer controls122. Those proteins that are over expressed may provide 

candidates for drug-targeting and/ or diagnostic biomarkers123. Consequently, 

proteomic approach, which involves analysis of samples by mass spectrometry, 

provide a direct link to pathophysiology, study of abnormal changes in body 

functions thus allows a deep understanding of disease mechanisms124. 

1.4.2 Mass Spectrometry  

One of the most useful techniques in proteomics is mass spectrometry (MS). It 

provides both qualitative and quantitative information regarding the molecules 

after their conversion to ions. This technique involves the basis of analysing 

molecules using electric and magnetic fields to separate ions in the gas phase on 

the basis of their masses125.. 

1.4.2.1 Mass Spectrometer 

Mass spectrometers comprise of three main sections which include the source, 

the analyser and the detector. The charged ions are passed through to the mass 

analyser and arrive at varying components of the detector according to their 

mass-to-charge (m/z) ratio. Once the ions have reached the detector, signals are 

generated and recorded by computer software126. 

1.4.2.1.1 Ionisation  

Ionisation takes places in the source of the mass spectrometer and is defined as 

the process by which a molecule obtains a positive charge through a strong 

electric potential127. 



27 
 

There are types of ionisation that work efficiently for different classes of molecules 

such as electron impact ionisation for low molecular weight stable organic 

compounds and fast atom bombardment for larger labile chemicals128,129, but for 

proteomics applications, mass spectrometry uses two main approaches: 

Electrospray Ionisation (ESI) 

For ESI, an electrospray is generated via a high voltage, at atmospheric pressure, 

on the flow of liquid (from manual injection or liquid chromatography (LC)) which 

contains the analyte. The spray enters into the vacuum system of the mass 

spectrometer130. The ions are ejected from the droplets as the liquid evaporates 

(Figure 1.9). Due to the use of flowing liquid, this ionisation technique is readily 

coupled with liquid chromatography (LC)131. 

 

Nano spray Ionisation  

Nano spray ionisation is the development of ESI which operates at very low flow 

rates (nl/min). It requires small amounts of samples and hence is well suited to 

analyse peptides as it has an increased tolerance to high aqueous solvents and 

salt contamination132. 

Figure 1.9: Summary of ESI. 

Accessed from Steen, H. and Mann, M. (2004)112. 
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Matrix Assisted Laser Desorption Ionisation (MALDI) 

MALDI involves the sample being mixed with a matrix and bombarded with a 

pulsed laser. The matrix, which consists of crystallised molecules, absorbs the 

radiation of the laser and transfers a proton to the analyte molecules. MALDI 

technique is most often combined with a time-of-flight instrument as it forms 

singularly charged ions133. 

1.4.2.1.2 Analyser 

The heart of the mass spectrometer is the analyser, to which the formed ions are 

transferred into one of the analysers, such as: 

Quadrupole  

A quadrupole analyser comprises four rods which have direct current voltages 

applied to them. The analyser consists of two pairs of hyperbolic rods which run 

parallel to each other, allowing ions of certain m/z to be recorded at the 

detector134. Due to the low resolution of the analyser, it is often the initial two parts 

of the tandem mass spectrometer. During the first part, it is a mass selector 

whereas in the second part, it is used as a collision cell. This allows the 

transmission of products to a third analyser135. 

Ion Trap  

The ion trap mass spectrometer is an adaption of the quadrupole and can store 

and manipulate ions due to its three-dimensional quadrupole. Ions accumulate 

within the traps thus mass spectrometers employing ion traps are known for their 

enhanced sensitivity136. 

Time-of-Flight (TOF)  

TOF mass spectrometers are simple analysers which measures the duration in 

time that an ion travels a distance with a specific kinetic energy. The instruments 
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are sensitive and fast but do not have a natural m/z range. The range is limited 

by the detector and the ability to ionise the molecule137. 

Orbitrap  

The orbitrap was introduced in 2005 and is amongst the newer mass analysers 

(Figure 1.10)125. The analyser measures ion frequency injected simultaneously 

into an electrostatic trap138. Commercial orbitraps mass spectrometers most 

commonly use ESI as the source and multiple analysers in addition to the orbitrap 

and capable of multiple fragmentation methods including collision-induced 

dissociation (CID), higher-energy collisions dissociation (HCD) and electron-

transfer dissociation (ETD). The multiple fragmentation techniques increase the 

quality of the data acquired.  

1.4.2.1.3 Detector  

The ions travel from the analyser to a detector, typically an electron multiplier, 

which amplifies the ion impact by a series of photoelectron transfers through light-

sensitive plates and then are transmitted as a digital signal to a computer 

software where the data is expressed as signal intensity or ion current vs. m/z139. 

Figure 1.10: Orbitrap Fusion Tribrid mass spectrometer. 

Accessed from A.H. Payne (2005)106. 
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1.4.3 Proteomic Approaches  

Proteomics can be defined as discovery-based which aims to collect information 

about all proteins in a biological sample, or hypothesis-driven i.e., complex- or 

network-centric140. Discovery or total proteomics can be either qualitative 

comprising of visual inspection (number of identifying peptides or Mascot score) 

or quantitative which involves relative or absolute measurement of proteins in two 

or more samples121. Quantitative discovery proteomics can be performed using 

labelling (iTRAQ, SILAC) or non-labelling (signal intensity, spectral counting) 

approaches for comparison of protein expression between two or more conditions 

such as normal vs tumour matched samples in order to develop a better 

understanding of change in expressions caused by cancer. 

These proteomics strategies are defined as bottom-up approaches in which 

proteins are studied by mass spectrometry at the peptide level following 

proteolytic digestion. Trypsin is most commonly used as the protease of choice 

for enzymatic digestion as it hydrolyses peptide bonds specifically at the 

carboxylic acid side of arginase and lysine residues, generating peptides in the 

optimal mass range of ESI and MALDI MS and MS/MS data acquisition (500 to 

5000 m/z)141. 

In bottom-up, or shotgun proteomics, a total protein mixture is digested to 

peptides, undergoes one or two dimensions of peptide separation via LC, rapid 

parallel MS/MS of eluting peptides, the highly discriminating fragment masses of 

which are searched against a database of theoretical peptide fragment patterns 

to identify the original protein142,143. One of the major advantages of bottom-up 

approach is that complex mixtures of proteins can be analysed to produce 

quantifiable results. However, a drawback is the limited coverage of protein 
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sequence and loss of labile post-translational modifications (PTMs) e.g. 

phosphorolation144. 

The bottom-up discovery strategy can be further refined as data dependent 

acquisition (DDA) and data independent acquisition (DIA). During the MS 

analysis, several precursor or parent ions are selected at any one elution time 

and fragmented into MS/ MS mode. This results in data acquisition of the most 

abundant peptides selection therefore generating high quality MS/MS data145. 

The advantages of DDA approach include easy selection and frequency scans of 

precursor. DDA is the default mode in most commercial instruments and allows 

relative quantification of isobaric-tag labels and SILAC, however, it is not the best 

method for absolute quantification146. DDA approach uses a large precursor 

window, allowing a range of masses to be analysed. In DIA mode, the mass 

spectrometer of choice focuses on masses of precursors and obtains the MS/MS 

data for all the precursors detected within a specific and relatively narrow mass 

range. The mass window is shifted to a new range and run across the entire mass 

range, collecting MS/MS data from all detected precursors for every mass within 

the window. One of the most common DIA generating methods is sequential 

windowed acquisition of all theoretical fragment ions (SWATH), in which the small 

windows are divided into smaller mass range windows by the mass 

spectrometer147. This allows precise quantification of peptides. The advantages 

of DIA include the selection of precursors by the user for both MS1 and MS2 

scans. The limitations include the lengthy time to set up each experiment due to 

the wide range of parameters to be selected and the underdevelopment of 

established pipelines148. 

A less common strategy is a top-down approach which involves analysing intact 

proteins by mass spectrometry. An intact protein undergoes electrospray 
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ionisation, generating multiple charged ions, which can be used to determine the 

native protein mass by spectral deconvolution. Selected multiply charged ions 

can be fragmented in MS/MS using electron-capture dissociation (ECD) or 

electron-transfer dissociation (ETD), to obtain protein sequence 

information149,150. The biggest advantage of top-down approach is the ability to 

quantify and detect protein isoforms, sequence variations and PTMs, however, 

proteins must be relatively pure151. 

1.4.4 Protein Quantification  

1.4.4.1 Label-free quantification  

Peptide signals are detected at the MS1 level and quantification is conducted 

either using the signal intensity or spectral counting152,153. Label-free 

quantification requires multiple repeats to attain statistical significance 

differences due to the inherent variability of acquired data from very complex 

mixtures of peptides154. 

1.4.4.2 Label-based Quantification  

Label-based quantification is based on integrating chemical or metabolic labels 

into peptide/ protein extracts. 

1.4.4.2.1 SILAC  

Stable isotope labelling by amino acids in cell culture (SILAC) refers to the 

tagging of the isotopic label on the selected amino acids, most commonly lysine 

and arginine which are added to the culture medium for incorporation into cells155. 

The cells are passaged for multiple cycles to achieve a high level of labelling 

efficiency. The unlabelled and labelled cultures are grown in the identical growth 

conditions and protein extracts combined at an early stage in the proteomics 

workflow (Figure 1.11)156. SILAC is flexible as it is adaptable to various cell culture 
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systems and reduces experimental variation due to the early merging of the 

samples but is not suitable for complex primary tissue biopsies as there is a 

limitation of sample multiplexing157. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.4.4.2.2 Isobaric Labels 

MS/MS-based quantitative measurements are evaluated at the peptide level 

therefore protein quantification entails the vital peptide-to-protein summarisation 

step158.  The two main reagents are TMT and iTRAQ which involve chemically 

labelled peptides with a reagent incorporating an isobaric tag (Figure 1.12)159,160. 

Both iTRAQ and TMT tag consists of (a) peptide reactive group (b) an isobaric 

tag with a reporter group and (c) balance group161. The key difference between 

Figure 1.11: Overview of SILAC workflow. 

Accessed from Ong S-E (2001)137. 
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the two reagents the combinations of stable isotopes (iTRAQ �± up to 8-plexs and 

TMT �± up to 16-plex), giving the latter greater versality in experimental design, 

but is more expensive. Each isobaric label is used to tag peptides from a specific 

sample, after the initial protein extraction and trypsin digestion, therefore each 

sample has a unique label. After labelling, the tagged digests can be pooled for 

further chromatographic processing and mass spectrometric analysis. The mass 

spectrum is obtained when the tagged peptides undergo mass spectrometry 

analysis, allowing (a) fragmentation for peptide identification in MS/MS, and (b) 

reporter ion quantification in MS/MS and MS/MS/MS mode (orbitrap only in latter 

case). The intensity peak of each reporter group represents the amount of a 

peptide and therefore protein in the original sample162. By comparing the intensity 

of reporter ions, the relative content of target proteins within different samples 

can be identified163. Pichler et al. identified that 4-plex iTRAQ identified a greater 

number of peptides in comparison to 8-plex iTRAQ or 6-plex TMT, however, the 

former is more sensitive to salt contamination compared to TMT164.  Furthermore, 

tagging and labelling variability can arise due to inadequate enzymatic 

digestion165. Nevertheless, there are many advantages which counteract the 

limitations166. The iTRAQ approach has the ability to analyse several samples 

combined into one allowing the study of protein interaction as well as pattern of 

expression, helping to improve statistical validation167 Additionally, iTRAQ is 

suited for biomarker applications as well. This is because it imparts both 

quantitation and multiplexing in a single experiment. This is something which is 

not feasible with SILAC, therefore iTRAQ was selected as preferred labelling 

method.  
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Figure 1.12: Structure of iTRAQ reagent. 

Accessed from S. Aggarwal (2016)141. 
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1.5 AIMS AND OBJECTIVES  

As mentioned earlier, the impact for HNSCC/ OTSCC, can greatly affect an 

�L�Q�G�L�Y�L�G�X�D�O�¶�V�� �O�L�I�H��despite considerable efforts put into the development of 

therapeutic repertoire for managing cancer-related malignancies, The lack of 

early detection has emphasised the need of research in this area as many 

patients often present with oral pre-malignant lesions which have progressed to 

an advanced stage of the cancer. Consequently, survivors may have significant 

debilitating physical impairment to their daily life, which highlights the unmet 

clinical need to identify biomarkers for early detection and intervention that can 

lead to a less detrimental impact on lifestyle. The main aim of this project is to 

identify HNSCC biomarkers associated within defined anatomical regions and 

causative-agent use, specifically smoking, as a preliminary step towards 

complete molecular stratification of the disease. 

The research covers the following main objectives: 

1. Explore and optimise methods for protein extraction and characterisation 

of small, valuable tissue biopsies. 

2. Use clinicopathological data of a HNSCC tissue bank to design a causative 

agent-related proteomics experiment (regio-specific data, non-smoking vs 

smoking, healthy vs disease) to help identify specific protein targets. 

3. Perform 4-plex iTRAQ proteomics to identify proteins: 

a. Significantly changed in tumours from non-smokers only (compared 

to matched normal and tumours from smokers) 

b. Significantly changed in tumours from smoker only (compared to 

matched normal and tumours from non-smokers) 

c. Significantly changed in tumours from both non-smokers and 

smokers (compared to matched normal) 
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4. Use bioinformatics to: 

a. Cluster proteins based on increased or decreased expression, 

stratified by causative agent (non-smoking vs smoking) 

b. Explore biologically and functionally significant pathways to identify 

candidate proteins for further investigation 

5. Verify the proteomics results for selected candidates using orthogonal 

methods such as Western blotting and IHC. 

6. As an alternative to using an invasive sampling method, this study will also 

explore the potential of analysing candidate proteins in saliva as a liquid 

biopsy for a non-invasive diagnostic approach for early-onset of treatment. 
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2. CHAPTER TWO: MATERIALS AND METHODS 

2.1 Chemicals, solvents, and reagents  

The following materials were purchased from Bio-Rad and Sigma-Aldrich, unless 

stated otherwise. Bio-Rad (Hemel Hempstead, UK): 30% acrylamide, ethanol. 

Sigma-Aldrich (Gillingham, UK): 3-[(3-cholamidopropyl) dimethylammonium]-1-

propanesulfonate (CHAPS), acetonitrile, ammonium persulphate (APS), 

Bradford reagent, bromophenol blue, dithiothreitol (DTT), formic acid (FA), 

glycine, HPLC and LC-MS grade water, hydrochloric acid, iodoacetamide (IAA), 

methanol, sodium deoxycholate (DOC), sodium dodecyl sulphate (SDS), 

thiourea, triethylammonium bicarbonate (TEAB), tetra methyl ethylenediamine 

(TEMED), tris (hydroxymethyl) aminomethane hydrochloride (Tris-HCI), Urea. 

��-mercaptoethanol, phosphate buffered saline (PBS) pH 7.4 and Tween 20 

(Tween) were purchased from Fisher Scientific (Loughborough, UK). PierceTM 

Trypsin protease MS grade was acquired from Thermo Scientific (Cambridge, 

UK) and iTRAQ 4-plex isobaric labelling reagents were purchased from SCIEX 

(Warrington, UK). Protein inhibitor cocktail with EDTA(PIC) tablets were supplied 

by Roche Diagnostics (Burgess Hill, UK). 

2.2 Cell culture 

Head and neck cancer cell lines (A253, FaDu, OSC-19, and SCC-9) and non-

tumorigenic cell line (Dako) were obtained from the American Type Culture 

Collection (Manassas, VA). 

2.3  Tissue bank  

Experiments performed using mouse liver were under a UK Home Office Project 

License assessed by the University of Bradford ethical review committee.  
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Patients in the care of Messrs Jim McCaul, David Sutton and K Abdel-Ghalil 

donated biopsies between 2006 and 2014 at the Bradford Teaching Hospital NHS 

Foundation Trust (BRI) once written consent was obtained. The study was 

approved by �8�Q�L�Y�H�U�V�L�W�\���R�I���%�U�D�G�I�R�U�G�¶�V�� Independent Scientific Advisory Committee 

(reference: application/13/051) and ethically approved by Leeds (East) Research 

Ethics Committee, reference 07/H1306/98+5. 

Collected samples were transported to UoB Ethical Tissue 

(https://www.bradford.ac.uk/ethical-tissue/) human tissue bank, where biopsies 

were aliquoted and frozen at -80oC. The head and neck tissue bank contained 

matched normal and tumour region-specific specimens including buccal mucosa 

(5 patients), floor of mouth (19), mandible (9), lip (1), hard palate, soft palate (8), 

tongue (61) and tonsil (8) (Supplementary Data 1). 

Anonymised patient clinical parameters and personal data were collated with the 

tissues including pathological diagnosis, date of operation, and reason for 

surgery, age, sex, ethnicity, occupation, smoker, smoking details, alcohol unit, 

alcohol detail, blood pressure, pulse rate, tumour site, histological type and TNM 

stage (Supplementary Data 1). Twenty-three matched normal and tumour tongue 

samples (7 for proteomics and 16 for WB as samples selected for proteomics did 

not have enough protein concentration to continue for WB analysis) were 

selected based on the causative agent (tobacco smoking vs non-smoking), 

gender and tumour stage (Table 2.1). 

2.3.1 Saliva 

A total of 8 research participants aged 20-60 years old provided saliva samples 

once consent was obtained. All participants had fasted overnight, and samples 

were collected between 8 and 10 in the morning. The participants were required 

https://www.bradford.ac.uk/ethical-tissue/
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to rinse mouth out with warm water 10 minutes before collection. Each participant 

was instructed to pool saliva in the mouth and tilt their heads forward when 

drooling the specimen into 15ml Falcon tube. Once filled, a unique randomly 

generated study identification number was applied, split into 0.5ml aliquots and 

stored at -20oC (Table 2.2). 
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Table 2.1: Patient data for samples used in these studies. All patients provided matched normal (N) and tumour (T) biopsies 

and were of Caucasian ethnicity. 

Patient  
Operation/ 
Collection 

Date 
Age Sex 

Weight 
(kg)  

Smoking Details 
(Tobacco)  

Alcohol Details 
(Units Per week)  

TNM Stage  
Experimental 

Use 

ET-10-3326 26/09/2017  60 M 76 Non-Smoker ND T1 Proteomics 

ET-10-3542 19/09/2011  61 M 80 Non-Smoker 10  
T2 

Proteomics 

ET-10-5730  15/03/2016  38 M 100 Non-Smoker ND T4 Proteomics 

ET-10-3330  17/09/2013  81 M 72 60 years/ 20 per day 21 T1 Proteomics 

ET-10-3328  22/03/2011  54 M 118 30 years/ 5-10 per day ND T2 Proteomics 

ET-10-3548  09/10/2012  68 M 88.4 
52 years/ 2 weeks 

abstinence/ 4 ounces per 
week (pipe) 

52 T2 Proteomics 

ET-10-3335  07/11/2011  61 M 77 30 years/ 10 per day 15-20 T4 Proteomics 

ET-10-10351  21/06/2010  61 M 106.2 Non-Smoker 70-100 T1 WB 

ET-10-3546  02/09/2014  51 M 101.7 Non-Smoker 2 T1 WB 

ET-8168  04/01/2010  82 M 79 Non-Smoker 56 T2 WB 

ET-5318  03/05/2016  66 M 98.6 Non-Smoker 8 T2 WB 

ET-10-3327  07/02/2011  56 M 68.2 40 years/ 5-10 per day 104 T1 WB 

ET-12-4280  16/12/2014  61 M 56.4 
19 years / 25 years 

abstinence/ 5 per day 
14 T1 WB 
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ET-8165  07/07/2015  57 M 77.8 51 years/ 10-30 per day 28 T2 WB 

ET-10-2684  18/09/2012  59 M 68 
2-3 years/ >30 years 

abstinence 
14-20 T2 WB 

ET-6788  10/03/2014  67 F 63 Non-Smoker Social T1 WB 

ET-09-2434  21/03/2011  60 F 68 Non-Smoker Occasional T1 WB 

ET-8172  15/08/2011  N/D F 64 Non-Smoker 10 / Social T2 WB 

ET-10-3096  01/10/2013  86 F 67 Non-Smoker 4 T2 WB 

ET-7429  18/04/2011  58 F 52.5 
19 years/ 20 years 

abstinence/ 7 per day 
14 T1 WB 

ET-7968  28/03/2011  84 F 64.9 30 years abstinence ND T1 WB 

ET-12-4273  28/11/2011  65 F 59.4 
40 years/ 5 weeks 

abstinence/ 25 per day 
8 T2 WB 

ET-5743  23/05/2011 70 F 48.2 50 years/ 15 per day ND T2 WB 

 

 

 

 

*M: Male, F: Female, ND: Not determined and WB: Western blot. 
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Table 2.2: Patient information for saliva samples. 

Sample ID  Age Gender  Weight (kg)  
Concentration 

(mg/ml)  
Total protein 

(µg) 

62781 21 M 76.4 0.96 192.31 
44124 60 M 86.5 4.24 847.27 
36235 21 F 68.5 2.42 484.95 
00579 21 F 50 1.24 248.05 
96659 21 F 53 4.10 819.40 
55583 21 F 54 2.91 582.50 

93184A 22 F 67 2.98 596.43 
36764 33 F 54 1.38 275.92 

 

2.3 Protein extraction  

2.3.1 Cell lines  

Protein pellets of HNSCC cell lines, which later underwent protein extraction and 

quantification, were produced with the purpose to identify viable controls for WB 

analysis. The cells were grown from frozen pellets �X�V�L�Q�J���0�F�&�R�\�¶�V�����D���P�H�G�L�X�P���P�R�G�L�I�L�H�G��

���$������������ �(�D�J�O�H�¶�V�� �P�L�Q�L�P�X�P�� �H�V�V�H�Q�W�L�D�O�� �P�H�G�L�X�P�� ���)�D�'�X�� �D�Q�G�� �2�6�&-19) and �'�X�O�E�H�F�F�R�¶�V 

�P�R�G�L�I�L�H�G���(�D�J�O�H�¶�V���P�H�G�L�X�P�����6�&�&-9 and Dako) at 37oC in a 95% air and 5% humidified 

CO2 atmosphere. Each cell pellet (5 x 106 cells) was resuspended in 200µl of lysis 

buffer (protease inhibitor cocktail with EDTA, 7M urea, 2M thiourea, 0.4% CHAPS, 

0.1% SDS, 0.05% sodium deoxycholate in PBS) and incubated on ice for 30 minutes. 

The suspended cells were lysed using a Philip Harris Scientific, Status US 70 Model 

sonic probe (Scientific Laboratory Supplies, UK) by sonication using 6 cycles (3 

repeats) and placed on ice for 30 seconds between each cycle. The lysed cells were 

centrifuged at 13000rpm for 25 minutes at 4oC and the extracted liquid phase 

containing proteins stored at -20oC. 

2.3.2 Dounce homogenisation 

All the components required for Dounce homogenisation (DWK Life Science, Stoke-

on-Trent, UK) were sterilised with 100% ethanol prior to use. Each intact or section of 
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mouse liver was weighed before use. Mouse liver was initially used for experimental 

optimisation for protein extraction and quantification. Using a clean scalpel, tissue 

samples were cut into smaller pieces and placed inside the Dounce vessel, together 

with 20µl of PBS containing PIC. Homogenisation was achieved initially using an 

oscillating action, with several passes of a loose pestle to break down the tissue and 

then fully homogenised using a tight pestle. The extracts were centrifuged for 25 

minutes at 4oC, 13000rpm, the supernatant aspirated to new tubes and stored at -

20oC. 

2.3.3 Pellet pestle 

All the required tools for pellet pestling (Corning, New York, USA) were autoclaved 

prior to use. Each intact or section of mouse liver was weighed before use. A small 

piece of tissue was placed in a 1.5ml Eppendorf tube and 20µl volume of PBS 

containing PIC was added prior to vortex. The pestle attached to the hand-operated 

motor was lowered into the Eppendorf tube containing the sample and switched on. 

Pestling was continued until no pellet was visible. The extracts were centrifuged for 25 

minutes at 4oC, 13000rpm, the supernatant aspirated to new tubes and stored at -

20oC. 

2.3.4 Liquid nitrogen pulverisation 

All the required tools for liquid nitrogen (LN) pulverisation (Startech, Poole, UK) were 

sterilised with 100% ethanol and placed on a worktop covered with aluminium foil. 

Cryogenic gloves and safety glasses were worn for all LN handling steps. A large 

volume (1 litre) polystyrene container was filled half-way with LN and the mortar, 

pestle, spatula and clamp were carefully lowered into the box; ensuring the equipment 

was fully submerged into the LN. Once the equipment frosted due to the extremely 

low temperature, the pre-weighed tissue (mouse liver or human tongue biopsy) was 
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placed in the mortar and the pestle placed on top. The top of the pestle was struck 

with a hammer four or five times to proficiently pulverise the sample. Using a spatula, 

the pulverised, chilled powder was scooped out and placed in a pre-weighed 

Eppendorf tube and re-suspended in 150µl of PBS containing PIC. A small volume of 

LN (approx. 5ml) was poured into the mortar to consolidate residual extract and 

transferred to the Eppendorf. The method was applied consecutively to each individual 

tissue sample with sterilisation of all components in between. The extracts were 

centrifuged and stored at -20oC. 

2.3.5 OCT Cryosections 

The Cryostat chamber (CM1860 UV, Leica) temperature was set to -25oC whilst 

tissues were removed from -80oC freezer. The tissues were previously dissected into 

smaller pieces (approx. 3-6mm) and one fragment placed on the cork-top stage. The 

tissue was then embedded in optimal cutting temperature (OCT) compound (Cell Path, 

UK) and placed in the -80oC freezer. A blade was inserted into its holder in the cryostat, 

angled at 150 degrees and tightened by screws to hold it in place. The stage was 

placed on the stage clamp above the blade and sample was gradually positioned 

behind the blade. The cryostat was cleaned with 70% ethanol and blade was changed 

between normal and tumour tissues. The thickness of the sections was set to 10 

microns and a smooth steady motion was used to cut 10 sections and transferred to 

Eppendorf tubes and stored at -80oC.  

When required, one tube from each biopsy containing 10 sections was thawed on ice 

and re-suspended in 150µl of lysis buffer (PIC with EDTA, 7M urea, 2M thiourea, 0.4% 

CHAPS w/v, 0.1% SDS w/v, 0.05% sodium deoxycholate w/v in PBS). The samples 

were homogenised by sonicating (Status US 70 Model sonic probe) three times using 

6 cycles (3 repeats), power 10 and placed on ice for ~ 30 seconds between each 
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sonication cycle. The probe was washed using 100% methanol between each set of 

tissue sections. The extracts were centrifuged, the supernatant decanted to new tubes 

and stored at -20oC. 

2.4 Protein quantification  

2.4.1 Bradford assay �± cuvette method 

A series of bovine serum albumin (BSA) solutions were prepared as standards: 0.0, 

0.05, 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0mg/ml. Protein samples (5µl) were diluted 10-fold 

in 45µl of HPLC water in 1.65ml Eppendorf tubes. Bradford reagent (1500µl) was 

added to fresh 1.5ml Eppendorf tubes and 50µl of each standard or sample (prepared 

in duplicates) was added, vortexed and incubated for 10 minutes at room temperature. 

Each standard or sample was transferred to a cuvette (PMMA, Brand GMBH, 

Germany) and analysed in a Multiskan Spectrum spectrophotometer (Thermo 

Scientific, UK) at 595nm wavelength. A calibration curve of absorbance versus BSA 

concentration was prepared to evaluate the unknown samples. Protein samples were 

analysed in duplicate and protein concentration was calculated by comparison of 

sample absorbance to the calibration curve. The mean value and standard deviation 

were determined. 

2.4.2 Bradford assay �± MTP method 

For the calibration curve, BSA standards were prepared as 0.0, 0.05, 0.1, 0.2, 0.4, 0.6, 

0.8 and 1.0mg/ml. Protein samples were prepared as described in Section 2.4.1. 

Bradford reagent (195µl) was added to each well and 5µl of each standard or sample 

(n=3) was added. The plate was loaded onto a microtiter plate reader (Azure Ao 

absorbance microplate reader, Azure Biosystems, USA), gently vortexed and 

incubated for 10 minutes. The absorbance was then read at a wavelength of 595nm, 

and a data sheet of the results produced. Protein samples were analysed in duplicate 
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and protein concentration was calculated by comparison of sample absorbance to a 

calibration curve of absorbance versus BSA concentration. The mean value and 

standard deviation were determined for each sample. 

2.4.3 Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) 

Protein extracts were analysed by SDS-PAGE using a discontinuous gel-system, 

comprising of 6% (w/v) stacking gel and 12% (w/v) separation gel (Table 2.3). 

Table 2.3: Materials for 6% (w/v) stacking gel and 12% (w/v) separating gel. 

Components  6% Stacking Gel (5ml)  12% Separating Gel (5ml)  
H2O 1.95µl 0.75µl 

30% Acrylamide Mix  1 µl 2µl 
0.5M Tris -HCI (6.8) 1.95 µl - 
0.5M Tris -HCI (8.8) - 1.95µl 

10% SDS 0.05µl 0.05µl 
10% Ammonium Persulfate  0.05µl 0.05µl 

TEMED 0.004µl 0.002µl 
 

Samples (equivalent to 20µg protein) were made up to a total volume of 25µl with 10µl 

of SDS-buffer and a residual volume of HPLC water in a 0.65ml Eppendorf tube, 

vortexed and centrifuged prior and after incubation at 60°C in a water bath for 10 

minutes. The gel was assembled in an electrophoresis tank (Bio-Rad, UK), samples 

applied to the gel and electrophoresed in SDS-electrophoresis buffer (25mM Tris, 

192mM glycine, 0.1% SDS, pH8.3) (10X) at 50V for 10 minutes and then at 150V for 

one hour. 

Once electrophoresis had completed, the apparatus was disassembled, the gel was 

removed from between the glass plates and transferred to 15ml of 0.2% (w/v) 

Coomassie blue reagent for 2-3 hours at room temperature with gentle shaking. Once 

stained, the gel was de-stained with methanol/ acetic acid/ ultrapure water (ratio of 
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3:1:6) for 4-5 hours at room temperature with gentle shaking. The de-stained gel was 

stored in the 4oC fridge in an air-tight sealed bag containing 10% methanol v/v. 

2.5 Peptide preparation for mass spectrometry  

2.5.1 Trypsin digest 

For each sample, a total protein of 33.3µg from each of three �S�D�W�L�H�Q�W�¶�V biopsies were 

pooled to give a total of 100µg for each category; non-smoker normal, non-smoker 

tumour, smoker normal and smoker tumour and lyophilised on aqueous mode at 45oC 

using Genevac EZ-2 (SP Scientific, UK) until a dry pellet was formed. 

Each dried pellet was re-suspended in 10µl of 8M urea in 400mM ambic and sonicated 

in a water bath for 30 minutes. DTT (2µl) was added to each sample and placed in a 

pre-heated water bath at 70oC for 20 minutes. IAA (2µl) was then added, and the 

samples further incubated in the dark, at room temperature. After 20 minutes, 26µl of 

ambic solution was added followed by 5µl of trypsin in a two-step digestion. Each 

digestion mixture was vortexed, centrifuged and placed in a water bath at 37oC. A 

second aliquot of trypsin (5µl) was added after 3 hours, giving a final protein: protease 

ratio of 1:10 and the reaction left for a further 21hrs. The trypsin digestion was stopped 

by placing the samples on ice. 

2.5.2 MALDI TOF/TOF MS 

Trypsin digested samples were analysed on the Ultraflex II MALDI-TOF/TOF mass 

spectrometer (Bruker Daltonik, Coventry, UK), using a 200 Hz smart beam laser in 

reflector mode (+ve ion mode). In a 0.65ml Eppendorf, 0.5µl of sample was added to 

9.5µl of 10% ACN; each tube was vortexed and centrifuged. Samples and matrix were 

applied to a sample spot on the MTP AnchorchipTM 800/384 plate (Bruker Daltonik) in 
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the following order - ���—�O�� �R�I�� �.-cyano-4-hydroxycinnamic acid (CHCA), 0.5µl sample, 

0.5µl CHCA and then placed the dark at room temperature until dry. 

Instrument accuracy was optimised using Peptide Calibration Standard II (Bruker 

Daltonik) containing seven peptides: angiotensin II [M+H]+ = 1046.54, angiotensin I 

[M+H]+ = 1296.68, substance P [M+H]+ = 1347.74, bombesin [M+H]+ = 1619.82, ACTH 

clip (1�±17) [M+H]+ = 2093.09, ACTH clip (18�±39) [M+H]+ = 2465.20, and somatostatin 

[M+H]+ = 3147.47. Summed spectra were obtained in the range from 700 to 4200 m/z 

by acquiring data with a 200Hz Smartbeam laser (>250 µJ/pulse) in reflector mode. 

MALDI MS data was acquired using Bruker Daltonik FlexControl software (version 3.4) 

and processed for TopHat baseline subtraction, Savitzky-Golay smoothing and SNAP 

peak detection algorithms using FlexAnalysis software (version 3.4). 

2.5.3 iTRAQ labelling  

The digested samples were desalted on an Isolute C18 columns (Agilent 

Technologies, USA). The column was washed with 100% methanol, Solvent A (2% 

ACN, 0.1% v/v FA) (twice) and then the sample was eluted. The column was washed 

again with Solvent A (twice) and eluted with Solvent B (0.1% FA in 100% ACN). The 

final elution was collected, lyophilised and re-suspended in 10µl TEAB, 0.1% SDS w/v, 

vortexed and centrifuged. The pH was adjusted to 3 using formic acid and each 

digested sample was incubated with an iTRAQ 4-plex isobaric labelling reagent for 1 

hour at 60oC (Table 2.4). The four iTRAQ labelled samples were pooled together and 

desalted on Isolute C18 columns as previously described and lyophilised at 45oC, 

Genevac EZ-2 using aqueous mode. 
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Table 2.4: iTRAQ label for each for each sample. 

Sample  Patient Number  iTRAQ Label  
Non-

Smoker 
Normal  

Patient 1+2+3 (N) 114 

Non-
Smoker 
Tumour  

Patient 1+2+3 (T) 115 

Smoker 
Normal  

Patient 4+5+6 (N) 116 

Smoker 
Tumour  

Patient 4+5+6 (T) 117 

 

2.5.4 Strong cation exchange (SCX) fractionation  

The iTRAQ-labelled combined sample was re-suspended in 600µl of SCX loading 

buffer (10mM potassium di-hydrogen phosphate, 0.01% sodium azide w/v in 25% ACN 

v/v with pH3.0) and pH checked. Isolute SCX column (Kinesis Ltd, UK) was washed 

with 1ml HPLC grade water once and then twice with loading buffer. The sample was 

added to the column allowed to flow through under hydrostatic pressure and the non-

bound analytes collected (flow-through fraction, (FT)). A total of 12 fractions were then 

collected using a loading buffer containing stepwise increases in potassium chloride 

from 30mM to 1000mM potassium chloride (Table 2.5). Each flow-through or elution 

fraction was diluted with 1.5ml Solvent A, desalted on Isolute C18 column, lyophilised 

and stored at -20oC. 

Table 2.5: SCX buffer concentrations (n=1).  

Fraction Number  Potassium Chloride Concentration (mM)  
E1 30 
E2 60 
E3 90 
E4 120 
E5 150 
E6 180 
E7 250 
E8 300 
E9 350 
E10 500 
E11 700 
E12 1000 
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2.6 Mass Spectrometry  

2.6.1 Orbitrap Fusion  

Each lyophilised fraction was re-suspended in 20µl of solvent A (2% ACN, 0.1% FA), 

loaded on the trap column (5mm x 300um ID, 5um particle, Thermo Scientific, UK) 

and washed for 5 minutes. The peptides were then transfer�U�H�G�� �R�Q�W�R�� �D�Q�� �$�F�F�O�D�L�P�Œ��

�3�H�S�0�D�S�Œ�� �������� �&������ �/�&�� �&�R�O�X�P�Q�V���� ���—�P�� ���S�D�U�W�L�F�O�H�� �V�L�]�H������ �������P�P�� �O�H�Q�J�W�K���� �����������P�P��

(diameter) analytical column (Thermo Scientific, UK) and eluted for a total duration of 

120 minutes at a flow rate of 300nl/minute using multi-stage 90-minute gradient (Table 

2.6) with a 12-minute wash (85% Solvent B) and 18 minutes column equilibration (5% 

Solvent A). The temperature of the column was set to 40oC during chromatography. 

The MS data acquired from Orbitrap Fusion was in data-dependent Top speed mode 

with a mass range of 350-1500m/z. Ionisation was performed with a positive ion spray 

voltage of 2000, ion transfer tube temperature 275oC and internal positive in calibration 

at m/z 445.12. 

Table 2.6: NanoHPLC method. 

Time (min)  0 5 65 85 90 

Solvent B  (%) 5 10 25 45 90 

 

MS scans were acquired at a resolution of 120K. The scan mass range was set to 

350-1500 m/z, maximum injection time 50 milliseconds (ms), automatic gain control 

(AGC) target of 4E5 with a maximum cycle of 3 seconds (s). Dynamic exclusion (DE) 

was set to 60s. MS/MS scans were acquired using Ion-trap, in top-speed mode for a 

3 second cycle time. Selected precursors underwent CID fragmentation with collision 

energy of 35%. The detector type was ion trap with maximum injection time of 50ms 

and AGC target of 1E5. MS/MS/MS scans for iTRAQ reporter ions were acquired using 
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automated synchronous precursor selection (SPS) setting. Selected precursor 

underwent HCD fragmentation with collision energy of 65% and resolution of 50K. The 

scan range was m/z 100-500, maximum injection time 105ms and AGC target of 1E5. 

2.6.2 Data processing  

2.6.1.1 Proteome Discoverer 

MS/MS fragment lists obtained from the Orbitrap Fusion were searched on Protein 

Discoverer version 2.2 (Thermo Scientific, UK), using Mascot database search engine 

version 2.5 (Matrix Science, UK) alongside SwissProt version 2019 containing 

560,118 human protein sequences (Uniprot, https://www.uniprot.org/). In Proteome 

Discoverer, used the Homo_Sapiens_Uniprot fasta protein database, containing 

552,259 human protein sequences with the following search parameters - enzyme 

Trypsin, precursor mass tolerance 20ppm, fragment mass tolerance 0.5Da, dynamic 

modification: oxidation, static modification: carbamidomethyl and static peptide N-

terminus: iTRAQ 4-plex. The identified proteins from the search results were exported 

with the following parameters: accession code, description, Exp.q-value, sum 

posterior error probability (PEP) score, coverage, master protein, number of peptides, 

number of unique peptides, number of peptide-spectrum match (PSMs) and Mascot 

score. 

2.7 Data analysis  

The data was filtered in Excel to contain a list of proteins with �3�6�0�V���•���������L�7�5�$�4���U�D�W�L�R�V��

�•�������D�Q�G���0�D�V�F�R�W���V�F�R�U�H���•������. The data was normalised with respect to the median of 

proteins with same condition and converted into Log2 data. The standard deviation ± 

was used to conduct cluster analysis of non-smoker tumour and smoker tumour with 

respective to their individual normal where proteins were divided into separate lists of 
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upregulated, downregulated and no change. The divided lists where then subjected to 

further analysis using bioinformatic tools (Figure 2.1). 

2.7.1 Bioinformatics interpretation  

After quantitative comparison, protein-protein interactions were identified using 

STRING, version 10.5 (https://string-db.org/) providing functional significance in terms 

of PPI enrichment (p-value) and Gene Ontology (GO) properties (biological process, 

cellular components and molecular function), and metabolic pathway associations 

using KEGG (https://www.genome.jp/kegg/) and Reactome knowledgebase (version 

72.0, www.reaction.org). 

Additionally, significant functional enrichment was conducted using Functional 

Enrichment Analysis Tool (FunRich, version 3.1.3) (www.funrich.org) focusing on 

biological process, cellular components, molecular function, protein domains, site of 

expression and biological pathways. 

https://string-db.org/
https://www.genome.jp/kegg/
http://www.reaction.org/
http://www.funrich.org/
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Figure 2.1: Data analysis workflow for iTRAQ proteomics data. 
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2.8 Immunoassay methods  

2.8.1 Antibody 

Table 2.7: Antibody concentrations for Western blot and IHC. 

Target 
Gene 

Description  Clonality  
Catalogue 

No. 
Supplier  

Dil. 
(WB) 

Dil. 
(IHC) 

ARG1 
Primary Anti-

ARG1 
Monoclonal SAB4200508 

Sigma-
Aldrich 

1:1000 1:50 

�� -actin  
Primary Anti-

��Actin Monoclonal A2228 
Sigma-
Aldrich 1:1000 - 

KRT8 Primary Anti-
KRT8 

Monoclonal MA5-14425 Thermo 
Scientific 

1:1000 1:100 

LCN1 
Primary Anti-

LCN1 
Monoclonal MA5-15501 

Thermo 
Scientific 

1:1000 1:50 

MCM2 
Primary Anti-

MCM2 
Monoclonal SAB5300251 

Sigma-
Aldrich 

1:1000 1:50 

N/A 

Secondary 
antibody-

conjugated with 
horseradish 
peroxidase 

Polyclonal P026002-2 
Agilent- 
Dako 

1:1000 1:1000 

 

 

2.8.2 Western Blotting analysis  

SDS-PAGE was performed as described previously (Section 2.4.3). Instead of 

staining with Coomassie blue, gel was equilibrated in transfer buffer (SDS-PAGE 

running buffer with 20% v/v methanol) and proteins electroblotted �X�V�L�Q�J���W�K�H���µ�Z�H�W��

�W�U�D�Q�V�I�H�U�¶�� �P�H�W�K�R�G. Nitrocellulose membrane (GE Healthcare, UK) was first pre-

activated by soaking in 100% methanol for 10 seconds, then 5 minutes in distilled 

water followed by 10 minutes in transfer buffer. Two containers (one empty and 

one filled with transfer buffer) were placed next to each and component of the 

sandwich was soaked in the following order and assembled in the empty 

container: open cassette, sponge, filter paper (x2), gel, membrane, filter paper 

(x2), sponge, close cassette (Figure 2.2). The assembled unit was transferred to 

a blotting tank filled with transfer buffer. Proteins were transferred from gel to 

nitrocellulose at 55V for 2 hours at 4oC. 

*Dil: Dilution. 
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Once transfer was complete, the membrane was carefully removed and washed 

in TBS-Tween-20 (0.1% v/v) (TBST) for 5 minutes and then blocked with 5% (w/v) 

non-fat milk in TBST to prevent non-specific antibody binding. For all 

immunoblotting, the primary antibody was diluted in blocking buffer (5% w/v) non-

fat milk in TBS-Tween-20). The membrane was incubated overnight at 4oC with 

gentle shaking and washed 3 times for 10 minutes with TBST. The membrane 

was incubated with horseradish peroxidase (HRP) conjugated-secondary 

antibody diluted in blocking buffer for 1 hour at room temperature with gentle 

shaking and washed 3 times for 10 minutes with TBST. 

Proteins were detected by addition of 1:1 ratio of reagent A and reagent B of ECL 

Plus Western Blotting reagent (GE Healthcare, Amersham (UK) for 5 minutes. 

The blots were then analysed using a ChemiDoc MP imaging system (Bio-Rad, 

UK) using the Bio-Rad Image Lab software (Version 6.1). 

2.8.3 Immunohistochemistry (IHC) 

Xenografts of A253 and Fadu HNSCC cell lines were grown in nude mice. FFPE 

sections were prepared on microscope slides for IHC method optimisation by Mrs 

Figure 2.2: Assembling of western blot apparatus. 
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Patricia Cooper in ICT. In addition, four slides each, of two commercially available 

tissue microarrays (TMA HN802c and HN803f) were prepared from archival head 

and neck tissue blocks, each comprising 81 samples (Biomax, USA). Patient 

clinicopathological parameters provided with the arrays included position (on 

slide), age, sex, organ/ anatomic site, pathology diagnosis, TNM status, grade, 

stage, type and tissue ID (see Supplementary Data 2 and 3). TMA HN803f also 

provided HPV status (see Supplementary Data 3). 

2.8.3.1 Deparaffinisation 

All immunochemistry steps for TMA were conducted at room temperature unless 

stated otherwise. 

For the xenograft sections, the slides were also immersed in xylene twice and 

then in descending concentration of alcohol (ranging from 100% to 70%) for 5 

minutes each. 

TMA slides were placed an on a work bench at room temperature for 1 hour 

before deparaffinisation step. In a vertical direction, the slide was immersed in 

xylene for 10 minutes, followed by 10 minutes immersion in fresh xylene. The 

slides were left to dry. 

2.8.3.2 Immunohistochemistry 

TMA and xenografts slides were treated as follows. The deparaffinised slides 

were washed 3 times in PBS for 5 minutes each. The slides were then incubated 

for 10 minutes in 3% hydrogen peroxidase in distilled water to block the 

endogenous peroxidase activity. The slides were washed 3 times in PBS for 5 

minutes each for antigen retrieval. 

For xenograft sections, the slides were added to a horizontal slide holding box 

and microwaved for 20 minutes, topping up citric acid (Sigma Aldrich) buffer 
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10.9mM, pH 6.0 every 5 minutes whilst for TMA, citric acid buffer was boiled for 

5 minutes, and the slides carefully immersed whilst still warm for 20 minutes. The 

slides were washed three times in PBS for 5 minutes each. 

For both xenograft and TMA slides, blocking serum containing antibody (normal 

rabbit serum) (Vector Labs, San Francisco, USA) was added and incubated for 

20 minutes at room temperature. The residual fluid was removed, and primary 

antibody prepared in blocking serum was added to the slides. The slides were 

placed in an air-tight container with wet paper towel at the bottom to create a 

humid environment for the slides. 

The slides were washed again 3 times in PBS for 5 minutes before adding the 

biotin-conjugated secondary antibody, prepared in PBS. The slides were washed 

twice in PBS for 5 minutes and incubated with Streptavidin Biotin-peroxidase 

Complex Method (SABC) reagent (Vector Labs, San Francisco, USA) at room 

temperature for 20 minutes. Slides were washed 4 times in PBS for 5 minutes 

and preceded with final developmental using a DAB kit (Vector Labs, San 

Francisco, USA). Once the desired degree of staining was achieved, the slides 

were washed in distilled water. Haematoxylin staining was conducted to 

counterstain the nucleus for identification of individual cells and to differentiate 

localisation of antibody labelling in either the nucleus or rest of the cell. This was 

then, followed by dehydration and transparency. Stained slides were mounted 

with dibutylphthalate polystyrene xylene (DPX). Xenograft optimisation slides 

were imaged on Leica Microsystems LAS (Version 4.8 software). TMAs and 

xenograft controls were scanned using the Motic Easy Scan Pro 6 and images 

were retrieved using the Motic Images Plus 3.1 for Windows software. 
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3. CHAPTER THREE �± METHOD OPTIMISATION FOR PRIMARY 

HUMAN TISSUES 

3.1 Introduction  

Invasive procedures, often accompanied by surgical complications and pain, are 

involved in the process of tissue biopsy acquisition. This does not only highlight 

the difficulty of the retrieval but also emphasises how precious and valuable each 

biopsy is. Furthermore, due to samples being patient specific, the number/ 

amount of biopsy is limited and therefore experimental repeatability is not often 

possible. Therefore, the aim of this chapter was to identify an optimised method 

to understand the steps needed for the most efficient way to extract and quantify 

proteins as well as identify the proper ways for tissue handling. Protein 

quantification and protein extractions were initially assessed on mouse liver 

tissue (Section 3.1.1 and 3.1.2) before moving on human tissues. Furthermore, 

human tissue cryosections, which were embedded in OCT, were also looked at 

to assess if the amount of tissue being used for proteomic analysis can be 

reduced to preserve the samples.3.1.1 Bradford assay 

The field of primary tissue biopsy proteomics requires sensitive and precise 

methods for protein concentration estimation, to enable quantitative comparison 

of complex proteomic. A range of assays are available for protein concentration 

measurement in biological samples including Bicinchoninic acid assay (BCA) or 

protein-dye binding assay (Bradford assay). 

BCA is a broadly colorimetric copper-based method. Firstly, the biuret reaction 

results in a faint colour followed by the chelation of BCA with cuprous ion; 

resulting in an intense purple colour168. The BCA-copper complex exhibits a 

strong linear absorbance at 562nm. The advantages of this assay include 

sensitivity, ability to measure protein concentrations of 0.5µg/ml to 1.5mg/ml and 
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the reagent is relatively stable under alkaline conditions. On the other hand, there 

is interference with accuracy of protein quantitation, including buffer components 

that reduce copper. Furthermore, some amino acids, such as cystine and other 

reducing agents also produce colour, which interferes with the assay 

quantification169. 

The Bradford assay comprises binding Coomassie blue G250 dye to proteins via 

arginine, lysine and histidine amino acids, causing a shift from cationic form 

465nm to anionic form 595nm with intensity directly proportional to the amount of 

protein170. The advantages of the Bradford assay include speed, as samples can 

be read within 15 minutes of the dye being added, limiting interference from buffer 

components and increasing simplicity. However, some surfactants such as 

sodium stearate can precipitate the reagent.  

The project will explore protein expression in very small and extremely valuable 

biopsies, donated by patients during surgery. Therefore, it was essential to use 

the most efficient method for protein recovery and to have a sensitive protein 

determination assay that did not waste precious material. Efficient protein 

extraction was dependent on several factors including tissue type, biopsy size 

and extraction method. Therefore, two Bradford assay protocols, microtiter plate 

assay and cuvette method, were compared to determine which assay is most 

suitable for primary tissue extracts. 

3.1.2 Selection of protein extract method  

The most significant factors impacting the outcome of proteomic analysis consist 

of the quality of tissue, tumour amount contained within the tissue along with yield 

and integrity of protein extracted. Consequently, it was important to establish the 

optimum extraction from tissue biopsies. This can prove complex compared to 



61 
 

the extraction of other biological samples, and preparation of samples to 

maximise the total yield of protein. 

In particular, protocols designed for very small tissue biopsies, such as those 

available in the head and neck tissue bank, are not well established171. Extraction 

methods can include crude mechanical disruption such as shearing, cutting or 

smashing the tissue into smaller pieces. Methods involving liquid nitrogen 

pulverisation, pellet pestle and Dounce homogenisation for sample preparation, 

will be explored using a readily available tissue (mouse liver) before proceeding 

with valuable human biopsies172. 

3.1.3 Optimal Cutting Temperature 

Numerous methods, such as flash freezing samples, exist to preserve remnant 

tissue samples for research purposes. Those involving cryo-preservation media 

such as optimal cutting temperature (OCT) compound or formalin-fixation paraffin 

embedding (FFPE), are used for histological and immunohistology applications 

and therefore are well-suited for handling small biopsies. OCT compound is a 

water-soluble matrix which surrounds the tissue specimen for cryostat sectioning. 

The basic composition of OCT is 10.24% polyvinyl alcohol (PVOH) (C2H4O)x , 

4.26% polyethylene glycol (PEG) (C2nH4n+2On+1) and 85.5% non-reactive 

ingredients173. PVOH provides the water solubility and crystallinity which gives 

OCT its adhesive properties, whereas PEG provides different physical properties 

such as viscosity. Additionally, OCT stabilises fine tissue detail and allows long-

term sample preservation174. In contrast, FFPE samples are stored at ambient 

temperatures making them cost-effective as they do not require specialised 

refrigeration. However, the FFPE process can be time consuming resulting in 

proteins denaturing and becoming biologically inactive hence challenging to 

recover during extraction. Alternatively, to other experiments, to investigate 
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recovery of proteins from OCT-embedded samples, OTSCC biopsies were used 

rather than mouse liver. 

The aim of these studies was to identify the protein measurement and protein 

extraction method most suitable for valuable biopsies to be further investigated 

via proteomic analysis (Figure 3.1). 
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3.2 Workflow  

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Schematic representation of experimental workflow for to determine optimum method for proteomic experiment.  

MTP: microtiter plate, LN: liquid nitrogen pulverisation, DH: Dounce homogenisation, PP: pellet pestle. 
*Non-smoker normal, non-smoker tumour, smoker normal and smoker tumour.  
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3.3 Results  

3.3.1 Bradford assay - Cuvette method vs microtiter plate method 

Preparation time for standards and samples was the same for both methods 

however cuvette method requires a larger volume of Bradford reagent (1500µl 

per standard and sample) whereas MTP only requires 195µl per well. This means 

that a triplicate experiment with seven standards and two unknown samples 

would require 40.5ml of Bradford reagent whereas the MTP plate would only 

require 4.05ml. The MTP was also faster to analyse on an automated reading, 

taking �§��6 seconds for the whole plate whereas the cuvette was manual and took 

�§�� �� seconds per sample to read in the spectrometer. Using the absorbance 

acquired of the protein standards to prepare calibration curves which allows a 

clear comparison between the level of sensitivity and accuracy achieved by the 

two methods. Both methods produced R2 value of 0.99 however the cuvette 

method produced an average of 2.7-fold greater absorbance at each comparable 

concentration (Figure 3.2). Although slower, the cuvette method was selected 

due to higher sensitivity compared to the MTP method. 

 

 

 

Figure 3.2: Comparison in response of the two Bradford assay methods.  

The extent of protein-dye complex formation was determined by BSA for both 
methods. n=3. 
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3.3.2 Protein extraction: Method optimisation  

3.3.2.1 Method selection 

Three methods, LN pulverisation, Dounce homogeniser and pellet pestle, were 

initially investigated, each using a piece of mouse liver (200mg) as a 

representative intact tissue and protein recovery determined after extraction 

(Table 3.1). LN cryopulverisation provided the highest protein concentration at 

65.41mg/ml in comparison to Dounce homogenisation (31.47mg/ml) and pellet 

pestle (8.91mg/ml). Protein extraction efficiency, also defined as µg of protein/mg 

of tissue was determined with LN cryopulverisation also proving the most efficient 

at 75µg/mg compared to the Dounce homogeniser (39µg/ml) and pellet pestle 

(12µg/mg). Therefore, LN cryo-pulverisation was selected for further 

investigation. 

Table 3.1: Average protein concentration of mouse liver using varying protein 

extraction methods. n=3. 

Method  Sample Type  
Average 

Concentration 
(mg/ml)  

Protein recovere d 
from tissue (Protein 
(µg) / Tissue (mg))  

Liquid nitrogen cryo -
pulverisation  

Mouse Liver 65.41 75 

Dounce homogeniser  Mouse Liver 31.47 39 
Pellet pestle  Mouse Liver 8.91 12 

 

3.3.2.2 Effect of tissue size on extraction efficiency using LN pulverisation 

Mouse liver of different sizes was subjected to LN cryopulverisation, the 

recovered protein determined and analysed by SDS-PAGE. Whole liver 

(1230mg) produced an average concentration of 79.86mg/ml with protein 

extraction efficiency of 65µg/ml, larger liver section (450mg) producing an 

average concentration of 89.71mg/ml (111µg/ml), medium sized liver section 

(200mg) yielding an average concentration of 22.45mg/ml (43µg/ml) and smallest 

liver section (90mg) producing an average concentration of 17.37mg/ml 
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(45µg/ml). The lower extraction efficiency from the smallest tissues is most likely 

due to the greater challenge of recovering pulverised powder from the mortar, 

leading to lower overall yield, however, the efficiency achieved was sufficient for  

proteomic analysis (Table 3.2). 

Table 3.2: Mean protein concentration of different sized mouse liver using LN 

pulverisation as protein extraction method. 

 

 

SDS-PAGE analysis of proteins extracted from liver tissue indicated a similar 

distribution of protein bands across the samples although those below 35kDa (red 

box) appeared less intense (black arrow) in the extracts from small tissues 

(Figure 3.3). Although protein losses were greater from smaller tissues, the 

overall composition was similar and hence, LN pulverisation would be suitable for 

protein extraction from human HNSCC tissues. 

 

 

 

 

 

 

 Sample  Size (mg)  
Average Concentration 

(mg/ml)  

Protein recovered 
from tissue (Protein 
(µg) / Tissue (mg))  

A Whole Liver 1230 79.86 65 
B Large 450 89.71 111 
C Medium 200 22.45 43 
D Small 90 17.37 45 
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3.3.3 OCT 

As OCT is a compound used in histological analysis of microscopic tissues 

samples, compatibility with the preparation of HNSCC biopsies for proteomic 

analysis was explored. 

3.3.3.1 Protein extraction 

Portions of 3 matched normal and tumour biopsies were each embedded in OCT, 

cryosectioned (10 sections per biopsy), collected into Eppendorf tubes, 

homogenised by adding lysis buffer and sonicated (see Section 2.3.1). The 

resulting protein extract was analysed in the Bradford assay. The cryosections 

generated a wider range of concentrations (8-fold variation) and were lower 

compared to liver extracts (Table 3.1). This was most likely due to extensive 

structure heterogeneity across tissue sections. 

 

 

Figure 3.3: SDS-PAGE gel to show the separation of protein bands of varying 

sized liver biopsies. 

*Lrg: Large, Med: Medium and Sml: Small.  
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Table 3.1: Protein concentration of extracts from OCT-embedded tongue 
biopsies. 

 

3.3.3.2 SDS-PAGE 

SDS-PAGE analysis of selected extracts from matched patients (ET-10-3542, 

ET-10-3326, ET-10-3330 and ET-10-3328) OCT-embedded biopsies. The results 

indicated that there were inconsistent patterns of bands between paired samples 

and poor resolution which may be due to interference from OCT during 

electrophoretic separation (Figure 3.4). 

Sample  Variable  Average Concentration (mg/ml)  

ET-10-3542 (N) Non-Smoker 2.23 
ET-10-3542 (T) Non-Smoker 1.87 
ET-10-3326 (N) Non-Smoker 1.60 
ET-10-3326 (T) Non-Smoker 3.29 
ETP-5730 (N) Non-Smoker 3.61 
ETP-5730 (T) Non-Smoker 0.82 

ET-10-3330 (N) Smoker 4.30 
ET-10-3330 (T) Smoker 5.05 
ET-10-3335 (N) Ex-Smoker 2.18 
ET-10-3335 (T) Ex-Smoker 2.09 
ET-10-3328 (N) Ex-Smoker 0.63 
ET-10-3328 (T) Ex-Smoker 0.63 



69 
 

 

3.3.3.3 MALDI-TOF/TOF 

The assess the quality for proteomics, extracts from OCT-embedded 

cryosections were acetone-precipitated, lyophilised, resolubilised and pooled into 

four histopathological-defined categories: non-smoker normal (ET-10-3542, 

ETP-10-3326 and ETP-5730), non-smoker tumour (ET-10-3542, ETP-10-3326 

and ETP-570), smoker normal (ET-10-3330, ET-3335 and ET-10-3328) and 

smoker tumour (ET-10-3330, ET-3335 and ET-10-3328) (Table 3.1). These were 

trypsin digested and analysed by MALDI-TOF/TOF mass spectrometry. The 

spectrum for the four trypsin-digested exhibited few signals (Figures 3.5A-D) that 

corresponded to discrete peptide masses as seen for example from a total digest 

of the A253 proteins.  A253 cell line was also digested as a control to show how 

a total digest should appear (Figure 3.6). This could be due to the presence of 

Figure 3.4: SDS-PAGE analysis of extracts from OCT-embedded.  

(A) Non-smoker and (B) smoker. 
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OCT causing ion-suppression. Consequently, further processing using ether-

methanol to remove OCT was performed. Re-analysis of the samples by MALDI 

MS did not show any improvement in spectrum (Figure 3.7). The supernatant 

from solvent extraction contained a regular pattern of mass signals, which 

equated with incremental increases in mass due OCT monomer units. The pellet, 

which should have contained the peptides showed no distinct mass signals in the 

expected mass range (m/z 700 to 4000). Whilst this suggested that OCT was still 

contaminating the digested protein extracts, further analysis using 1D LC-MS/MS 

was performed for confirmation.  

A total of 182 proteins were identified in the four samples, with 131 in the non-

smoker normal sample, 81 in non-smoker tumour, 91 in smoker normal and 132 

in smoker tumour (see Supplementary Data 4). This was considerably lower than 

expected for the equivalent 10µg digested protein. (1D LC-MD/MS and database 

searching of 0.5 µg total yeast digest (Thermo Scientific) identified 1200 proteins, 

data not included). 
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Figure 3.5: MALDI-TOF/TOF analysis of protein sections from OTSCC cryosections embedded in OCT.  

(A) Non-smoker normal patients, (B) non-smoker tumour patients, (C) smoker normal patients, (D) smoker 
tumour patients and (E) . 

A

B

C

D

Non-smoker normal

Non-smoker tumour

Smoker normal

Smoker tumour
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A253 Figure 3.6: MALDI-TOF/TOF analysis of H&N 

cancer control cell line A253. 

The spectra represent an ideal example of 
successful tryptic digestion. 

OCT (Pellet)
B

OCT (Supernatant)
A

Figure 3.7: OCT spectrum. 

(A) MALDI-TOF/TOF analysis of OCT-removal 
experiment (supernatant). (B) MALDI-TOF/TOF 
analysis of OCT-removal experiment (pellet). 
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3.4 Discussion  

3.4.1 Comparison of cuvette method and microtiter plate for Bradford assay  

Data has shown that the formulation of both methods provides linearity with 

protein concentration. In spite of the microplate reader proving to be very intuitive 

due to its in-built shaker and providing data with high level of reproducibility, the 

cuvette method was selected as the optimum method for protein measurement, 

due to its high sensitivity which is fundamental when analysing valuable samples 

such as tongue tissue biopsy. 

3.4.2 Optimisation of protein extraction method  

The preparation of valuable primary tissue samples for proteomic analysis 

represents a significant challenge. Human tissues are known to contain a high 

level of proteases and secondary metabolites that can interfere with protein 

extraction, separation and identification175. Because of the scarcity of biopsy 

material, mouse liver was used for the initial comparison of methods and 

subsequent scalability of extraction efficiency. Mouse liver is not typical of oral 

tissues due to its composition of dense connective tissues whereas tongue 

samples contain stratified squamous epithelia. Nevertheless, it had a number of 

advantages such as easy access and repeatability176. 

Furthermore, due to the invasive action required to obtain human tongue tissue, 

it is difficult to acquire multiple samples from the same patient meaning replication 

of experiments are not always possible. One of the common methods for tissue 

disruption is pulverising the material with a mortar and pestle in LN as disruption 

of tissue without LN leads to decreased reproducibility177. Noticeably, the yield of 

total proteins extracted from a tissue biopsy depends on the breakdown of the 

tissue, which was only successfully achieved from LN pulverisation. The 

production of more uniform sized particles meant that a lysis buffer, such as 
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radioimmunoprecipitation assay (RIPA) buffer was not required thus the 

additional step of removing any detergents was also not needed. In comparison 

to Dounce homogeniser and pellet pestle, LN pulverisation is time efficient and 

proves to be consistent and scalable with all samples. However, the temperature 

of equipment post pulverisation is ~ -150oC, thus, the equipment takes time to 

warm to room temperature in order to be cleaned between usage. 

3.4.3 OCT-embedded tissue biopsy interference with LC-MS/MS analysis 

OCT embedding was selected in preference to formalin and paraffin embedding 

(FFPE) as the latter causes inter- and intra-cross-linked denaturation of proteins 

and therefore reduces data quality acquired by mass spectrometric analysis178. 

Furthermore, FFPE had a longer preparation time of 2 days (Day 1 : sample 

dehydration in ethanol, clearing in xylene and Day 2: paraffin wax) whereas OCT 

had 1 day of preparation time. OCT also allowed delicate sections to be produced 

which is fundamental for repeatability of valuable tissues179. 

Nevertheless, the challenge lies with the proteins recovered from the OCT-

embedded specimens as there were polymers present in OCT. This posed a 

challenge for LC-MS/MS as the OCT polymer impeded MS analysis because the 

polymers competed with peptides for LC-MS/MS column binding during the 

sample separation180. This suppressed the ionisation, resulting in a decreased 

number of peptide identification therefore OCT-embedded samples were not 

used any further181. 

3.5 Conclusion  

A key objective of the project is to investigate the proteomic profiles of primary 

HNSCC tissue biopsies. Before starting a complex proteomics strategy, aspects 

of the sample preparation and analyse required optimisation. LN cryo-
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pulverisation proved to be the most effective method of extraction and although 

losses were observed with decreasing tissue size, it was selected as the optimum 

method for HNSCC primary tissue proteomics. Despite being manually intensive, 

the cuvette-based Bradford assay was selected over the MTP approach due to 

higher sensitivity. These protocols provided confidence to proceed to an iTRAQ 

proteomics experiment involving multiple small biopsies. Overall, this study 

identified the efficient protein extraction method suitable for small tongue tissue 

biopsies for a large scale iTRAQ proteomics experiment. 

 

  



76 
 

4. CHAPTER FOUR: COMPARISO N OF PROTEOMIC PROFILES OF 

TUMOUR AND MATCHED NORMAL SAMPLES FROM SMOKING 

AND NON-SMOKER HNSCC PATIENTS.  

4.1 Introduction  

Cigarettes are the most popular form of tobacco used worldwide and caused 

74,600 deaths in the UK in 2019182. The main short- and long-term strategies 

used for decreasing tobacco associated deaths are cessation, prevention, 

increasing public awareness of the hazards as well as the lessening of second-

hand smoke exposure. Changing conventional cigarettes is another possibility 

with the tobacco industry embarking on efforts to modify cigarettes to be less toxic 

by reducing machine-measured tar and nicotine yields183,184. 

Over the long history of tobacco production, a range of forms have been invented. 

These developments include both ignitable and smokeless products. Ignitable 

products include cigars, bidis (hand-rolled Indian cigarette with sun dried 

temburni leaf), chutta (hand-rolled Indian cigarette), kretek (smaller cigar 

containing tobacco, cloves and cocoa) and the conventional cigarette. Whereas 

smokeless products include snuff, paan (dry mixture of areca nut and slacked 

lime with tobacco), Swedish snus (a variant of snuff but more moist) and chewing 

tobacco 185,186,187. Since 2004, electronic cigarettes (E-cigarettes) have gained 

significant popularity and are battery powered, which heats a liquid containing 

varying concentrations of nicotine, flavourings (e.g., menthol) and other 

chemicals to create a vapor. The usage of E-cigarettes is seen as a less harmful 

alternative to smoking cigarettes as there is no combustion of tobacco however 

there still exists a public health concern due to its appeal to adolescents and 

current non-smokers188. 
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4.1.1 Cigarettes and cancer 

Each inhalation of a cigarette contains a combination of thousands of compounds 

including carcinogens e.g., polycyclic aromatic hydrocarbons (PAHs), N-

nitrosamines, aromatic amines, aldehydes and pollutants (Table 4.1). In addition, 

less thoroughly investigated substances include metals such as nickel and cobalt, 

oxidants, free radicals and ethylating agents. 

 

Table 4.1: List of carcinogens identified in an average cigarette. 

Carcinogen  Example  

PAH189 
Benz[a]anthracene 

Benzo[a]pyrene 
Benzo[b]fluoranthene 

N-nitrosamines 190 
N-nitrosodimethylamine 

N-nitrosopyrrolidine 
�1�¶-nitrosonornicotine 

Aromatic amines 191 2-toluidine 
2-naphthylamine 

Aldehydes 192 Formaldehyde 
Acetaldehyde 

Pollutants 193 Isoprene 
Benzene 

Metals 194 

Arsenic 
Nickel 
Cobalt 

Lead (inorganic) 
 

There is enough evidence to infer a relationship between smoking and cancer. 

There are certain pathways which have established the causation of cancer: (a) 

exposure to carcinogens, (b) formation of covalent bonds between the 

carcinogens and DNA and (c) accumulation of permanent somatic mutations in 

genes (Figure 4.1)195. 

 

 



78 
 

 

Use of tobacco and its products such as cigarettes and cigars are strongly 

associated with OTSCC. After centuries use, it was only within the last 60-70 

years that an understanding has developed of their damaging effects196. The risk 

of OTSCC in smokers is approximately 10 times higher than that of never-

smokers and recent educational and regulatory efforts have been created to 

reduce tobacco use197. Still much work remains, as 1-in-6 people worldwide use 

tobacco-based products such as cigarettes, which continue to contribute 

significantly to the development of OTSCC. 

4.1.2 Use of proteomics 

Proteins have a multitude of functions in biological systems including control of 

catalytic and regulatory biochemical processes. Historically, methods were 

developed to enable study of individual proteins. However, in the last 30 years, 

MS-based methodologies have emerged to provide a dependable and exhaustive 

study into the functioning of the proteome in a range of cancer models. LC-

MS/MS based proteomic analysis allows the measurement of quantitative 

Figure 4.1: Established pathways linked to causation of cancer due to 

cigarette smoking. 

Accessed from S.S. Khariwala (2015)176. 
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changes between conditions within a study. Hence, proteomics can be used for 

biomarker study with the aim to identify early-detection or diagnostic factors as 

well as improving disease stratification. Bottom-up approaches where peptides 

are measured as proxies for proteins have certain technical limitations e.g., lack 

of cohesion. However, to overcome this challenge, a quantitative strategy of 

chemical isobaric tagging was developed, which allows for the measurement of 

relative abundance of proteins in biological systems, such as comparison of 

normal with disease, different causes of change or gender disparity198. 

Using optimised sample preparation methods (Chapter 3), the aim of this study 

was to use an iTRAQ quantitation approach to compare the proteomic profiles of 

regio-specific matched normal and tumour OTSCC biopsies of non-smokers and 

smokers based on rationalised selection to minimise clinicopathological variables 

i.e., age, gender and smoking status to: 

A. Identify the change of expression of proteins between matched normal and 

disease tissues 

B. Identify the change of expression of proteins between non-smokers and 

smokers 

C. Identify protein targets for further verification as potential biomarkers  

The iTRAQ experiment was performed with samples subjected to protein 

extraction through LN pulverisation, protein measurement, pooling into four 

categories (non-smoker normal, non-smoker tumour, smoker normal and smoker 

tumour) for in-solution trypsin digestion, iTRAQ 4-plex labelling, 2D LC-MS/MS 

on an Orbitrap Fusion mass spectrometer, protein identification and 

quantification, and bioinformatics evaluation (Figure 4.2). SDS PAGE and LC-
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MS/MS quality control steps were incorporated at selected stages to ensure 

optimal use of the biopsy material. 
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Figure 4.2: Workflow diagram, for quantitative proteomic analysis of tongue biopsies from 

smokers and non-smokers. 

NSN: Non-smoker normal, NST: non-smoker tumour, SN: smoker normal, ST: smoker 
tumour, SCX: strong cation exchange reaction. 
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4.2 Results  

4.2.1 Sample selection 

Different causative agents, often-addictive substances, provide a strong basis for 

investigating molecular events within oral cavity tissues that lead to cancer. 

Patient clinical and personal data was used to select biopsies for proteomics 

analysis with the aim of minimising the number of variables. Based on causative 

agent, 104 patients were primarily smokers and 114 were alcohol drinkers, of 

which 82 used both and a further 63 with no known cause. There were no paan/ 

betel nut users recorded and HPV status had not been determined. Of the 

smokers, 61 had tongue tumours (or oral tongue squamous cell carcinoma, 

OTSCC, the largest region-specific group in the tissue bank) with 30 males and 

31 females. Other smokers had cancer of floor of mouth (19), mandible (9), 

retromolar (4), soft palate (8) and tonsil (6). Of the smoker, male subset 

specimens in the tissue bank were representative of the different cancer stages 

(apart from T3), T1 (5) biopsies, T2  (11), and T4  (4). Furthermore, within the 

tissue bank, there were stage-equivalent tongue biopsies (CC) from non-smoking 

male patients, T1 (4) biopsies, T2  (3), and T4  (1) (and no T3 specimens). Female 

smokers with tongue malignancies were low in number for non-smokers hence 

the male cohort was selected for iTRAQ proteomics. Uncontrolled variables within 

the cohort were age, alcohol intake, duration of smoking. Therefore, the male, 

tongue cancers, smoking and non-smoking groups of biopsies provided the basis 

of this study (see Section 2.2), with the option to explore gender and stage-related 

changes in supplementary research. 

4.2.2 Solid tumour protein extraction 

The protein concentration for each biopsy varied 60-fold from 0.263 (ET-10-

5730T) to 15.271mg/ml (ET-10-3328T) (Table 4.2). This wide range was also 
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reflected in the protein extraction efficiency and total protein recovered. The low 

yield from patient ET-10-3326 T and ET-10-5730 T correlated with tissue size 

available (0.013g and 0.014g, respectively) and challenges in recovering the 

cryo-pulverised powder. As SDS-PAGE and proteomics experiments required a 

minimum of 250µg protein from each biopsy, there was insufficient of the tumour 

from the latter to allow individual iTRAQ labelling of each sample. 

 

Table 4.2: Protein concentration of extracts from OTSCC samples. 

Patient 
no.  

Sample  Variable  
Tissue 
Weight 

(mg)  

Concentration 
(mg/ml)  

Protein 
Recovered 

from 
Tissue 
(µg/ml)  

Total 
Protein 

(µg) 

1 ET-10-3326 N Non-Smoker 40 3.72 19 743 
2 ET-10-3326 T Non-Smoker 13 1.33 20 266 
3 ET-10-3542 N Non-Smoker 140 12.96 19 2592 
4 ET-10-3542 T Non-Smoker 34 2.13 13 425 
5 ET-10-5730 N Non-Smoker 108 7.47 14 1494 
6 ET-10-5730 T Non-Smoker 140 0.26 4 53 

7 ET-10-3328 N Smoker 23 3.84 23 768 
8 ET-10-3328 T Smoker 96 15.27 28 3054 
9 ET-10-3330 N Ex-Smoker 50 3.59 15 719 

10 ET-10-3330 T Ex-Smoker 172 4.41 18 883 

11 ET-10-3335 N Ex-Smoker 44 2.65 16 530 
12 ET-10-3335 T Ex-Smoker 54 13.31 16 2662 

 

4.2.2.1 SDS-PAGE  

SDS-PAGE analysis of each sample (except ET-10-5730) showed the 

expression of similar profiles of similar intensity, based on the main band at 

64kDa (Figure 4.3). 
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Although, yields and extraction efficiency were variable, equivalent quantities of 

each sample from each group (e.g., smoker normal with smoker tumour) could 

be pooled to provide the amounts of proteins required for iTRAQ proteomics. 

 

 

4.2.3 Trypsin Digest 

The following protein extracts (33.3µg) were pooled: 

Table 4.3: Volumes of samples prepared for trypsin digest. 

No. Sample  Sample  Volume (µl)  Total Amount  
1 

Non-Smoker Normal 
ETP-10-3326 8.88 

100µg 2 ET-10-3542 2.55 
3 ET-10-5730 4.42 
1 

Non-Smoker Tumour 
ETP-10-3326 24.78 

100µg 2 ET-10-3542 15.52 
3 ET-10-5730 125.29 
4 

Smoker Normal 
ET-10-3330 12.46 

100µg 5 ET-10-3328 8.59 
6 ET-10-3335 9.18 
4 

Smoker Tumour 
ET-10-3330 2.48 

100µg 5 ET-10-3328 2.16 
6 ET-10-3335 7.48 

 

Figure 4.3: SDS-PAGE gel to show the separation of protein bands 

between non-smoker samples. 
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Pooled extracts for each variable were subject to in-solution trypsin digestion and 

checked by MALDI MS and Orbitrap Fusion by direct infusion (without LC 

separation) (see Supplementary Data 5). The detected signals confirmed that 

trypsin digestion had been successful and that preliminary label-free proteomic 

analysis by 1D LC MS/MS could proceed. 

4.2.3.1 QC of Trypsin digests (1D LC-MS) 

From the analysis of the four trypsin digests, a total of 2653 proteins were 

identified in label-free 1D LC-MS (see Chapter 3 and Supplementary Data 6). Of 

these, 2297 proteins were identified in non-smoker normal, 2014 in non-smoker 

tumour, 1981 in smoker normal and 1688 in smoker tumour (Figure 4.4). This 

provided further evidence of successful trypsin digestion to proceed with iTRAQ 

labelling. 

Following iTRAQ labelling and pooling of all the digests, an aliquot of each was 

analysed by 1D LC-MS identifying 599 proteins. Labelling efficiency was 

calculated by searching the spectral data with iTRAQ labelling as a variable 

modification, enabled the identification of labelled and unlabelled peptides. 

Labelling efficiency was determined as a percentage of labelled peptides relative 

to the total (labelled plus unlabelled peptides) (Equation 1). 

Equation 1: Calculation of iTRAQ label efficiency. 

���ƒ�„�‡�Ž�Ž�‹�•�‰���‡�ˆ�ˆ�‹�…�‹�‡�•�…�›
L
�‹�������� ���Ž�ƒ�„�‡�Ž�Ž�‡�†���’�‡�’�–�‹�†�‡�•���š���s�r�r

�—�•�Ž�ƒ�„�‡�Ž�Ž�‡�†���’�‡�’�–�‹�†�‡�•
E�‹�������� ���Ž�ƒ�„�‡�Ž�Ž�‡�†���’�‡�’�–�‹�†�‡�•
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Labelling efficiency of 99.4% was achieved, providing confidence to proceed with 

SCX chromatography fractionation as the first step of 2D LC-MS/MS. 

 

Figure 4.4: Total number of proteins in each pooled sample for label-free 1D 

LC-MS. 
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4.2.4 Proteomic Data �± 2D LC-MS/MS 

The multifaceted combination of SCX with reversed phase chromatography has 

surfaced as an efficient approach to separate peptides from complex samples 

such as digested tissues. This is conducted prior to mass spectrometry analysis, 

sanctioning the identification of over hundreds of proteins in a single sample. The 

in-depth analysis of the proteins still requires additional preparation steps which 

allows its application to surpass efficient fractionation of complex peptide 

mixtures. Each SCX fraction was analysed in triplicate by LC MS/MS. The 

average of peptide number for each fraction (n=3) was determined and 

demonstrated successful SCX fractionation had taken place (Figure 4.5). 

  

Figure 4.5: Average of peptide number in each fraction (n=3). 



88 
 

A total of 3426 proteins were identified and quantified by 2D LC-MS/MS (see 

Supplementary Data 7). iTRAQ reporter ion rations were calculated and 

normalised, converted to log2 to improve visualisation of the significant changes 

(Figure 4.6);- 

Non-smoker �± normal (114) vs tumour (115) = 115/114, where values greater 

than 1.0 indicate an increase in tumour compared to normal and less than 1.0 

indicate a decrease in tumour compared to normal (SD± = 0.75). 

Smoker �± normal (116) vs tumour (117) = 117/116, where values greater than 

1.0 also indicate an increase in tumour compared to normal and less than 1.0 

indicate a decrease in tumour to normal (SD± = 0.40). 

 

Comparison of the 559 proteins common between 1D and 2D LC-MS/MS 

produced R2 value of 0.6366 for 115/114 (Figure 4.7A) and 0.6633 for 117/116 

(Figure 4.7B) indicating good reproducibility of the quantitative data. 

Figure 4.6: Raw data versus normalised data. 
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Figure 4.7: Correlation between 1D and 2D iTRAQ log2 ratios for : (A) 115/114 and (B) 117/116 

A B 
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4.2.5 2D LC-MS/MS data analysis  

To support functional interpretation of the protein changes in the proteomics 

datasets, proteins were initially defined as significantly increased (>1SD Log2 

ratio, up-regulated or U) or decreased (<1SD log2 ratio, down-regulated or D), 

whilst those in between are not changed (N). This enabled clustering based on 

common responses. 

4.2.5.1 Cluster analysis 

Using iTRAQ ratios, 115/114 = non-smoker tumour vs non-smoker normal and 

117/116 = smoker tumour vs smoker normal, proteins were then defined as one 

of three responses - Upregulated (U) = > + 1SD, Downregulated (D) = < - SD and 

no change = in between. 

In this manner, for each protein and its two ratios, it was possible to classify them 

into one of eight response conditions relative to their respective normal �± UU: 

proteins increased in tumours of both non-smokers and smokers, UN: proteins 

increased only in non-smoker tumour and expressed no change in smoker 

tumours, NU: proteins expressed no change in non-smoker tumour and 

increased in smoker tumour, UD: proteins increased in non-smoker tumour and 

decreased in smoker tumour, NN: proteins expressed no change in tumours of 

both smokers and non-smokers, DU: proteins decreased in non-smoker tumour 

but increased in smoker tumour, DN: proteins downregulated in non-smoker 

tumour and no change in smoker tumour, ND: proteins expressed no change in 

non-smoker tumour and decreased in smoker tumour and DD: proteins 

decreased in tumours of both non-smoker and smoker. 

Cluster analysis identified 64 proteins in UU, 308 in UN, 200 in NU, 96 in UD, 

2087 in NN, 82 in DU, 281 in DN, 236 in ND and 62 in DD (Table 4.4). 
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Proteins from key response clusters, representing physiological events, were 

subjected to STRING and KEGG analysis. The GO enrichment analysis using 

STRING was achieved using the PPI enrichment p-value, which confirmed that 

the nodes connected were not random (all those analysed achieving p<1.06e-16 

(Table 4.4). 

Table 4.4: Cluster analysis of proteins. 

Expression in 
non-smoker 

tumour  

Expression in 
smoker tumour  

Expression 
summary  

No. of 
proteins  

PPI 
enrichment 

value 
Log2 response  

Upregulated  Upregulated UU 64 <1.0e-16 

 

Upregulated  No change UN 308 <1.0e-16 

 

No change  Upregulated NU 200 <1.0e-16 

 

Upregulated  Downregulated UD 96 <1.0e-16 

 

No change  No change NN 2087 N/A 
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Downregulated  Upregulated DU 82 <1.0e-16 

 

Downregulated  No change DN 281 <1.0e-16 

 

No change  Downregulated ND 236 <1.0e-16 

 

Downregulated  Downregulated DD 62 <1.0e-16 

 

  

For pathway analysis, UU and DD were evaluated related to OTSCC independent 

of causative agent and UN, DN, NU and DU for pathways related to smoking and 

OTSCC. 

(UU) Upregulated in both non-smoking and smoking (relative to respective 

normal) 

Detailed results of significantly altered proteins for UU are summarised in Table 

4.5. Of the 64 upregulated proteins, several expressed functional significances 

via STRING analysis in extracellular matrix organisation including LAMA4, 

LAMB1, SPARC, COL3A1, COL5A2, SERPINH1, CRTAP, PLOD1, P4HA1, 

P4HA2 and PLOD2 with a false discovery rate (FDR) of 2.27e-08 (red shape). 

Post-translational protein phosphorylation was also identified and involved 

HSP901 and CALU (FDR = 0.0467). Additionally, innate immune system was 
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also identified as relevant involving S100A12, MNDA, LYZ, BPI, PRTN3, 

RNASE3, AZU1, LTF, MPO and ELANE (FDR = 0.0096) (blue shape) and RNA 

binding including ELAVL1, ZNF326, MATR3, SRSF9, ILF3 and SYNCRIP (FDR 

= 0.0305) (orange shape) (Figure 4.8). 
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Table 4.5: List of upregulated proteins in both non-smoker tumour and smoker 

tumour. 

Accession  Protein Name  Gene 
MW 

[kDa]  
SC 
[%]  PSMs 

Unique 
Peptides  

Score 
Mascot  

115 
114 

117 
116 

O00469 Procollagen-lysine,2-oxoglutarate 5-
dioxygenase 2 

PLOD2 84.6 10 37 5 1089 1.41 0.89 

O15460 Prolyl 4-hydroxylase subunit alpha-2 P4HA2 60.9 21 51 8 1091 1.31 0.83 

O43852 Calumenin CALU 37.1 12 42 4 397 1.31 0.65 

O60506 
Heterogeneous nuclear 
ribonucleoprotein Q 

SYNCRIP 69.6 28 170 13 2386 0.96 0.54 

O75718 Cartilage-associated protein CRTAP 46.5 6 6 2 31 1.71 1.40 

O95302 
Peptidyl-prolyl cis-trans isomerase 
FKBP9 FKBP9 63 6 26 3 260 1.67 0.56 

P02461 Collagen alpha-1(III) chain COL3A1 138.5 3 30 5 578 0.70 0.94 

P02788 Lactotransferrin LTF 78.1 60 478 42 9743 0.74 0.85 

P05164 Myeloperoxidase MPO 83.8 32 191 20 3369 0.69 0.77 

P05997 Collagen alpha-2(V) chain COL5A2 144.8 3 7 2 76 2.11 0.70 

P07942 Laminin subunit beta-1 LAMB1 197.9 11 51 13 946 1.33 0.54 

P08246 Neutrophil elastase ELANE 28.5 10 8 1 159 0.84 1.10 

P08476 Inhibin beta A chain INHBA 47.4 3 3 1 46 2.97 0.50 

P09486 SPARC SPARC 34.6 24 13 4 150 1.51 1.00 

P12429 Annexin A3 ANXA3 36.4 44 144 16 3344 0.78 0.90 

P12724 Eosinophil cationic protein RNASE3 18.4 27 33 3 671 1.12 1.06 

P13674 Prolyl 4-hydroxylase subunit alpha-1 P4HA1 61 10 25 4 625 1.22 0.94 

P14625 Endoplasmin HSP90B1 92.4 41 417 27 8237 0.75 0.86 

P15289 Arylsulfatase A ARSA 53.6 15 27 5 874 1.03 0.49 

P17213 Bactericidal permeability-increasing 
protein 

BPI 53.9 5 10 2 291 0.79 1.36 

P20160 Azurocidin AZU1 26.9 5 22 1 333 0.87 1.05 

P21283 V-type proton ATPase subunit C 1 ATP6V1C1 43.9 8 3 2 34 1.17 0.53 

P24158 Myeloblastin PRTN3 27.8 28 22 4 250 0.92 0.72 

P24821 Tenascin TNC 240.7 22 306 35 4930 1.66 0.47 

P34931 Heat shock 70 kDa protein 1-like HSPA1L 70.3 27 378 1 7858 0.91 0.93 

P35442 Thrombospondin-2 THBS2 129.9 10 37 8 635 1.44 1.34 

P36222 Chitinase-3-like protein 1 CHI3L1 42.6 15 11 4 194 0.96 1.12 

P41218 Myeloid cell nuclear differentiation 
antigen 

MNDA 45.8 22 31 8 315 0.76 0.77 

P43243 Matrin-3 MATR3 94.6 7 28 4 336 0.83 0.61 

P50454 Serpin H1 SERPINH1 46.4 52 135 17 2311 1.86 0.60 

P52292 Importin subunit alpha-1 KPNA2 57.8 6 18 2 688 1.79 1.33 

P52948 Nuclear pore complex protein Nup98-
Nup96 

NUP98 197.5 1 2 1 44 0.89 0.51 

P55001 Microfibrillar-associated protein 2 MFAP2 20.8 10 4 1 79 0.87 0.51 

P59665 Neutrophil defensin 1 DEFA1 10.2 6 20 1 197 2.31 2.29 

P61626 Lysozyme C LYZ 16.5 45 63 5 1022 1.02 0.81 

P62081 40S ribosomal protein S7 RPS7 22.1 14 15 2 133 1.43 1.10 

P80511 Protein S100-A12 S100A12 10.6 21 8 2 68 1.97 0.47 

Q02809 
Procollagen-lysine,2-oxoglutarate 5-
dioxygenase 1 PLOD1 83.5 9 27 5 320 0.72 0.70 

Q09028 Histone-binding protein RBBP4 RBBP4 47.6 14 21 3 402 0.93 0.65 

Q12841 Follistatin-related protein 1 FSTL1 35 3 6 1 26 1.16 1.21 

Q12906 Interleukin enhancer-binding factor 3 ILF3 95.3 12 73 9 1158 0.90 0.73 

Q13242 Serine/arginine-rich splicing factor 9 SRSF9 25.5 23 17 4 117 0.93 0.59 

Q13492 Phosphatidylinositol-binding clathrin 
assembly protein 

PICALM 70.7 3 3 1 107 0.84 0.70 
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Q13509 Tubulin beta-3 chain TUBB3 50.4 39 273 2 3799 2.65 0.66 

Q15063 Periostin POSTN 93.3 24 116 14 2798 0.87 1.59 

Q15717 ELAV-like protein 1 ELAVL1 36.1 30 59 8 1251 0.87 0.57 

Q16363 Laminin subunit alpha-4 LAMA4 202.4 3 10 4 128 1.11 0.58 

Q4KWH8 
1-phosphatidylinositol 4,5-
bisphosphate phosphodiesterase eta-
1 

PLCH1 189.1 1 18 2 279 1.10 1.57 

Q5BKZ1 DBIRD complex subunit ZNF326 ZNF326 65.6 3 4 1 59 1.69 0.70 

Q6RW13 
Type-1 angiotensin II receptor-
associated protein AGTRAP 17.4 14 4 1 99 1.30 0.89 

Q6UB35 Monofunctional C1-tetrahydrofolate 
synthase, mitochondrial 

MTHFD1L 105.7 1 4 1 37 1.43 0.65 

Q8N8S7 Protein enabled homolog ENAH 66.5 13 10 5 109 1.28 0.66 

Q8NB25 Protein FAM184A FAM184A 132.9 1 3 1 51 0.99 1.46 

Q8TCS8 
Polyribonucleotide 
nucleotidyltransferase 1, 
mitochondrial 

PNPT1 85.9 3 8 2 50 1.11 0.62 

Q8WXA9 Splicing regulatory glutamine/lysine-
rich protein 1 

SREK1 59.3 3 3 1 34 0.83 0.70 

Q96AG4 
Leucine-rich repeat-containing 
protein 59 LRRC59 34.9 25 26 6 346 0.99 0.55 

Q96CG8 Collagen triple helix repeat-containing 
protein 1 

CTHRC1 26.2 3 6 1 93 2.40 1.50 

Q9H8Y8 Golgi reassembly-stacking protein 2 GORASP2 47.1 13 41 4 1248 0.69 0.58 

Q9P0K7 Ankycorbin RAI14 110 1 7 1 64 0.99 0.57 

Q9P0L0 
Vesicle-associated membrane 
protein-associated protein A VAPA 27.9 11 36 2 187 0.84 0.78 

Q9P2E9 Ribosome-binding protein 1 RRBP1 152.4 30 413 35 10167 1.00 0.82 

Q9ULX6 A-kinase anchor protein 8-like AKAP8L 71.6 3 3 1 29 1.53 0.73 

Q9Y680 
Peptidyl-prolyl cis-trans isomerase 
FKBP7 FKBP7 25.8 5 4 1 73 0.83 0.91 

Q9Y6M1 
Insulin-like growth factor 2 mRNA-
binding protein 2 

IGF2BP2 66.1 7 17 2 397 2.62 0.63 

Note: Proteins of interest shaded as extracellular matrix organisation (yellow), post-translational protein 
phosphorylation (green), innate immune system (blue), and RNA binding (purple). 

Figure 4.8: Protein-protein interaction network (STRING) for upregulated proteins 

in both non-smoker tumour and smoker tumour with respect to their normal. 
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(DD) downregulated in both non-smoking and smoking (relative to respective 

normal) 

Detailed results of significantly altered proteins for DD are summarised in Table 

4.6. Downregulated proteins in both non-smoker and smoker tumour cluster 

identified 35 out of 62 proteins which were localised to the extracellular region. 

Several proteins expressed functional significance via STRING analysis in 

protein digestion and absorption, including COL6A1, COL6A2, COL14A1 and 

ELN (FDR = 0.0085) (red shape). Formation of the cornified envelope pathway 

was also identified involving SPINK5, KRT1, KRT4, RPTN, SPPR2B, SPRR3 and 

CSTA (FDR = 0.00015) (blue shape). Muscle contraction, comprising MYLPF, 

MYH2, TNNT3 was also identified during enrichment analysis (FDR = 0.0365) 

(orange shape) (Figure 4.9). Additionally, tissue expression was also reviewed in 

STRING where it was identified that KRT1, SPRR3 and A2ML1 are expressed in 

the oral mucosa tissue and LRG1, CEACAM5 and AMY1B are expressed in 

saliva. 
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Table 4.6: List of downregulated proteins in both non-smoker tumour and smoker 

tumour. 

Accession  Protein Name  Gene 
MW 

[kDa]  
SC 
[%]  PSMs 

Unique 
Peptides  

Score 
Mascot  

115 
114 

117 
116 

A8K2U0 Alpha-2-macroglobulin-like protein 
1 

A2ML1 161 26 228 28 3073 -0.76 -1.69 

O60927 E3 ubiquitin-protein ligase 
PPP1R11 

PPP1R11 13.9 33 3 2 44 -0.85 -0.52 

O95248 Myotubularin-related protein 5 SBF1 208.3 1 8 1 115 -0.74 -0.89 

P01009 Alpha-1-antitrypsin SERPINA1 46.7 49 270 19 3359 -1.21 -0.68 

P01011 Alpha-1-antichymotrypsin SERPINA3 47.6 19 58 8 1042 -0.82 -1.69 

P01040 Cystatin-A CSTA 11 85 138 7 2105 -1.43 -1.35 

P01859 Immunoglobulin heavy constant 
gamma 2 

IGHG2 35.9 54 984 5 13018 -0.69 -0.60 

P02686 Myelin basic protein MBP 33.1 3 12 1 122 -0.84 -0.78 

P02750 Leucine-rich alpha-2-glycoprotein LRG1 38.2 11 21 3 183 -0.72 -0.47 

P04745 Alpha-amylase 1 AMY1A 57.7 3 5 1 98 -2.56 -0.69 

P06276 Cholinesterase BCHE 68.4 3 7 2 26 -1.07 -0.48 

P06731 
Carcinoembryonic antigen-related 
cell adhesion molecule 5 CEACAM5 76.7 6 20 2 436 -0.94 -0.65 

P07741 Adenine phosphoribosyltransferase APRT 19.6 49 79 7 1412 -0.87 -0.60 

P12109 Collagen alpha-1(VI) chain COL6A1 108.5 16 80 11 1999 -0.88 -1.03 

P12110 Collagen alpha-2(VI) chain COL6A2 108.5 12 109 10 1422 -0.76 -0.98 

P13646 Keratin, type I cytoskeletal 13 KRT13 49.6 35 171 8 3252 -0.89 -1.51 

P13716 Delta-aminolevulinic acid 
dehydratase 

ALAD 36.3 35 66 9 1134 -1.02 -0.61 

P15088 Mast cell carboxypeptidase A CPA3 48.6 6 11 2 208 -1.07 -0.66 

P15502 Elastin ELN 68.4 3 6 1 33 -1.08 -1.10 

P18510 
Interleukin-1 receptor antagonist 
protein IL1RN 20 34 124 5 2451 -1.08 -2.01 

P18859 ATP synthase-coupling factor 6, 
mitochondrial 

ATP5PF 12.6 35 28 4 943 -1.11 -0.89 

P19013 Keratin, type II cytoskeletal 4 KRT4 57.3 17 32 5 364 -1.11 -1.80 

P21128 Poly(U)-specific endoribonuclease ENDOU 46.8 21 11 5 264 -0.94 -1.63 

P22105 Tenascin-X TNXB 458.1 16 276 44 4488 -1.01 -0.76 

P23141 Liver carboxylesterase 1 CES1 62.5 17 41 8 333 -0.87 -0.74 

P30838 
Aldehyde dehydrogenase, dimeric 
NADP-preferring ALDH3A1 50.4 36 127 12 1938 -0.75 -0.90 

P35237 Serpin B6 SERPINB6 42.6 31 46 8 801 -0.75 -0.68 

P35321 Cornifin-A SPRR1A 9.9 79 168 2 1635 -1.14 -2.46 

P35326 Small proline-rich protein 2A SPRR2A 8 79 87 1 406 -1.80 -2.74 

P40394 
Alcohol dehydrogenase class 4 
mu/sigma chain 

ADH7 41.5 26 102 9 1801 -1.45 -1.38 

P45378 Troponin T, fast skeletal muscle TNNT3 31.8 11 11 2 343 -0.97 -0.82 

P51884 Lumican LUM 38.4 46 449 17 6825 -0.91 -0.98 

P54725 UV excision repair protein RAD23 
homolog A 

RAD23A 39.6 11 11 2 278 -0.98 -0.70 

P55083 Microfibril-associated glycoprotein 4 MFAP4 28.6 10 18 2 341 -1.45 -0.86 

Q04756 Hepatocyte growth factor activator HGFAC 70.6 3 5 1 39 -0.89 -0.74 

Q05707 Collagen alpha-1(XIV) chain COL14A1 193.4 18 113 25 1744 -0.69 -0.76 

Q08188 
Protein-glutamine gamma-
glutamyltransferase E TGM3 76.6 41 353 24 5283 -1.13 -2.29 

Q14CX7 
N-alpha-acetyltransferase 25, NatB 
auxiliary subunit NAA25 112.2 2 4 1 28 -1.42 -0.76 

Q15847 Adipogenesis regulatory factor ADIRF 7.9 30 18 3 198 -1.37 -1.06 

Q5T4S7 E3 ubiquitin-protein ligase UBR4 UBR4 573.5 1 11 2 204 -1.36 -0.48 

Q5T619 Zinc finger protein 648 ZNF648 62.3 2 77 1 168 -0.92 -0.73 

Q6JBY9 CapZ-interacting protein RCSD1 44.5 11 20 3 386 -1.84 -0.54 

Q6XPR3 Repetin RPTN 90.7 3 5 1 148 -1.34 -1.25 

Q7Z7G0 Target of Nesh-SH3 ABI3BP 118.6 14 43 10 772 -1.06 -0.64 

Q86UP8 
General transcription factor II-I 
repeat domain-containing protein 
2A 

GTF2IRD2 107.1 1 8 1 50 -1.25 -2.14 

Q8IV53 DENN domain-containing protein 
1C 

DENND1C 87 2 4 1 56 -1.29 -0.49 

Q8IVL0 Neuron navigator 3 NAV3 255.5 0 3 1 32 -0.81 -2.45 

Q8N8V2 Guanylate-binding protein 7 GBP7 72.5 4 12 1 113 -0.90 -2.21 

Q8NH43 Olfactory receptor 4L1 OR4L1 35.2 3 3 1 21 -0.78 -0.79 

Q8WV28 B-cell linker protein BLNK 50.4 5 3 1 91 -0.86 -1.21 



98 
 

Q92623 Tetratricopeptide repeat protein 9A TTC9 24.4 6 5 1 180 -0.90 -0.50 

Q92835 
Phosphatidylinositol 3,4,5-
trisphosphate 5-phosphatase 1 INPP5D 133.2 3 2 2 52 -0.99 -0.81 

Q96A32 Myosin regulatory light chain 2, 
skeletal muscle isoform 

MYLPF 19 54 90 11 1431 -1.30 -0.56 

Q96A65 Exocyst complex component 4 EXOC4 110.4 3 4 2 40 -0.73 -0.70 

Q99685 Monoglyceride lipase MGLL 33.2 13 10 3 149 -0.80 -0.73 

Q9H098 Protein FAM107B FAM107B 15.5 11 3 2 80 -0.82 -0.47 

Q9NQ38 Serine protease inhibitor Kazal-type 
5 

SPINK5 120.6 22 139 18 3758 -0.94 -1.76 

Q9UBC9 Small proline-rich protein 3 SPRR3 18.1 93 236 22 2718 -2.65 -2.65 

Q9UBG3 Cornulin CRNN 53.5 54 194 16 5456 -2.13 -2.35 

Q9UBV8 Peflin PEF1 30.4 5 2 1 40 -1.01 -1.39 

Q9UKX2 Myosin-2 MYH2 222.9 29 230 38 4754 -1.21 -0.53 

Q9UL01 Dermatan-sulfate epimerase DSE 109.7 2 4 1 35 -1.34 -1.54 

Note: Proteins of interest highlighted as protein digestion and absorption (yellow), formation of cornified 
envelope pathway (green) and muscle contraction (blue).  

 

 

 

 

 

Figure 4.9: Protein-protein interaction network (STRING) for downregulated proteins 

in both non-smoker tumour and smoker tumour with respect to their normal. 
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(UN) Upregulated in non-smoking and no change smoking (relative to respective 

normal) 

Detailed results of significantly altered proteins for UN are summarised in Table 

4.7. Protein cluster upregulated in non-smoker tumour but expressed no change 

in smoker tumour identified 295 intracellular proteins out of 308. Groups of 

proteins expressed functional significance via STRING analysis in degradation of 

collagen and ECM including COL4A2, COL5A1, COL7A1, COL12A1, MMP1, 

MMP3, MMP4, MMP10, MMP14 and CTSB (FDR = 0.0013 and 5.24e-08, 

respectively). Cell-to-cell communication pathway (LAMA3, LAMB3, LAMC2, 

ITGB4, VASP, KRT5, CD2AP, FBL1M1, FLNA, CDH3 and ACTN1 (FDR = 

0.0040)) and bacterial invasion (FN1, CRK, CRKL, SHL1, CD2AP and BCAR1 

(FDR = 0.0406)) were processes also enriched in this cluster. A group of 10 

ribosomal proteins including RPS26, RPS17, RPL38, RPL35, RPL11, RPL22, 

RPL26, RPS19, RPS28, and RPS3A (FDR = 0.0044) was identified during 

enrichment analysis (Figure 4.10). Additionally, tissue expression was also 

reviewed in STRING and FN1 along with KRT5, KRT17, EEF11A1 and PABPC1 

are expressed in larynx tissue. 
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Table 4.7: List of proteins upregulated in non-smoker tumour and no change 

smoker tumour. 

Accession  Protein Name  Gene 
MW 

[kDa]  
SC 
[%]  PSMs 

Unique 
Peptides  

Score 
Mascot  

115 
114 

117 
116 

A0MZ66 Shootin-1 SHTN1 71.6 17 43 7 702 1.25 -0.34 

A1X283 
SH3 and PX domain-containing 
protein 2B SH3PXD2B 101.5 6 5 3 100 1.13 -0.43 

A6NI61 Protein myomaker MYMK 24.7 9 4 1 29 2.14 -0.11 

B7ZW38 
Heterogeneous nuclear 
ribonucleoprotein C-like 3 HNRNPCL3 32 17 70 1 1066 1.32 0.02 

O00151 PDZ and LIM domain protein 1 PDLIM1 36 42 133 12 2378 0.77 -0.41 

O00468 Agrin AGRN 217.2 16 89 19 2236 1.17 -0.01 

O14530 Thioredoxin domain-containing 
protein 9 

TXNDC9 26.5 4 3 1 30 0.78 -0.40 

O14732 Inositol monophosphatase 2 IMPA2 31.3 8 17 2 221 1.10 -0.05 

O14776 Transcription elongation regulator 
1 

TCERG1 123.8 5 15 4 353 0.82 0.12 

O14879 Interferon-induced protein with 
tetratricopeptide repeats 3 

IFIT3 56 14 13 6 147 0.77 -0.34 

O14896 Interferon regulatory factor 6 IRF6 53.1 6 6 3 109 1.70 -0.30 

O14907 Tax1-binding protein 3 TAX1BP3 13.7 14 14 1 465 1.00 -0.28 

O14950 Myosin regulatory light chain 12B MYL12B 19.8 34 52 3 1026 0.69 -0.44 

O14979 Heterogeneous nuclear 
ribonucleoprotein D-like 

HNRNPDL 46.4 19 113 9 1411 0.85 0.01 

O15230 Laminin subunit alpha-5 LAMA5 399.5 1 11 3 265 0.73 -0.29 

O15347 High mobility group protein B3 HMGB3 23 22 14 5 314 2.51 -0.43 

O15357 
Phosphatidylinositol 3,4,5-
trisphosphate 5-phosphatase 2 INPPL1 138.5 2 2 2 27 0.76 0.01 

O15372 Eukaryotic translation initiation 
factor 3 subunit H 

EIF3H 39.9 7 16 2 246 1.06 -0.27 

O43765 
Small glutamine-rich 
tetratricopeptide repeat-containing 
protein alpha 

SGTA 34 16 37 4 708 0.80 0.12 

O43823 A-kinase anchor protein 8 AKAP8 76.1 4 4 2 73 0.71 0.42 

O60885 Bromodomain-containing protein 4 BRD4 152.1 1 2 1 52 0.72 -0.35 

O60911 Cathepsin L2 CTSV 37.3 4 6 1 109 1.31 0.29 

O75340 Programmed cell death protein 6 PDCD6 21.9 18 13 3 139 0.72 -0.17 

O75367 Core histone macro-H2A.1 H2AFY 39.6 22 22 4 522 0.79 -0.12 

O75369 Filamin-B FLNB 278 37 497 61 9792 1.11 0.39 

O75400 Pre-mRNA-processing factor 40 
homolog A 

PRPF40A 108.7 5 4 3 42 0.74 0.13 

O75594 Peptidoglycan recognition protein 1 PGLYRP1 21.7 16 9 2 535 0.83 0.42 

O94760 N(G),N(G)-dimethylarginine 
dimethylaminohydrolase 1 

DDAH1 31.1 7 12 1 233 0.76 0.17 

O94842 
TOX high mobility group box family 
member 4 TOX4 66.2 4 7 1 132 0.72 -0.32 

O94985 Calsyntenin-1 CLSTN1 109.7 2 11 2 214 0.78 -0.02 

O95881 
Thioredoxin domain-containing 
protein 12 TXNDC12 19.2 22 19 3 316 1.00 -0.11 

P00533 Epidermal growth factor receptor EGFR 134.2 3 8 2 144 0.74 0.03 

P01033 Metalloproteinase inhibitor 1 TIMP1 23.2 19 8 3 124 0.70 0.41 

P01034 Cystatin-C CST3 15.8 31 39 4 786 1.26 -0.24 

P01703 
Immunoglobulin lambda variable 1-
40 IGLV1-40 12.3 14 3 1 46 1.36 -0.17 

P02741 C-reactive protein CRP 25 3 3 1 29 0.80 -0.08 

P02751 Fibronectin FN1 262.5 22 272 35 5416 1.34 0.31 

P03956 Interstitial collagenase MMP1 54 18 43 7 482 2.42 -0.03 

P03973 Antileukoproteinase SLPI 14.3 9 11 1 110 2.23 0.24 

P04792 Heat shock protein beta-1 HSPB1 22.8 82 360 11 7521 1.11 -0.34 

P05161 Ubiquitin-like protein ISG15 ISG15 17.9 5 2 1 29 2.65 -0.43 

P05198 Eukaryotic translation initiation 
factor 2 subunit 1 

EIF2S1 36.1 34 100 11 1988 0.81 -0.01 

P06733 Alpha-enolase ENO1 47.1 79 864 31 18221 0.79 -0.15 
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P07237 Protein disulfide-isomerase P4HB 57.1 48 458 28 7140 1.48 0.47 

P07437 Tubulin beta chain TUBB 49.6 71 426 6 5958 0.69 -0.41 

P07858 Cathepsin B CTSB 37.8 32 102 10 1902 0.81 0.08 

P07910 
Heterogeneous nuclear 
ribonucleoproteins C1/C2 HNRNPC 33.7 26 128 4 2459 1.65 0.28 

P08253 72 kDa type IV collagenase MMP2 73.8 5 4 2 56 0.71 -0.40 

P08254 Stromelysin-1 MMP3 53.9 7 5 1 86 1.48 0.33 

P08572 Collagen alpha-2(IV) chain COL4A2 167.4 3 15 3 193 0.86 -0.11 

P08621 
U1 small nuclear ribonucleoprotein 
70 kDa 

SNRNP70 51.5 8 13 3 121 0.71 0.29 

P08708 40S ribosomal protein S17 RPS17 15.5 54 27 6 375 1.24 -0.06 

P09238 Stromelysin-2 MMP10 54.1 13 20 4 430 1.29 -0.39 

P09382 Galectin-1 LGALS1 14.7 56 102 10 1922 1.28 0.24 

P09455 Retinol-binding protein 1 RBP1 15.8 16 12 3 49 1.61 0.21 

P09651 
Heterogeneous nuclear 
ribonucleoprotein A1 HNRNPA1 38.7 36 123 10 2083 0.92 0.24 

P10451 Osteopontin SPP1 35.4 4 7 1 87 1.28 -0.31 

P11021 
Endoplasmic reticulum chaperone 
BiP HSPA5 72.3 49 700 34 14576 1.18 0.41 

P11047 Laminin subunit gamma-1 LAMC1 177.5 13 99 15 1986 1.25 0.38 

P11940 Polyadenylate-binding protein 1 PABPC1 70.6 37 220 17 3529 0.80 -0.08 

P12814 Alpha-actinin-1 ACTN1 103 41 275 18 5148 1.59 0.01 

P13647 Keratin, type II cytoskeletal 5 KRT5 62.3 41 221 18 4021 1.29 0.21 

P13797 Plastin-3 PLS3 70.8 44 286 18 5122 0.88 -0.10 

P14555 
Phospholipase A2, membrane 
associated PLA2G2A 16.1 13 2 1 41 0.84 0.00 

P14866 Heterogeneous nuclear 
ribonucleoprotein L 

HNRNPL 64.1 34 90 13 2089 0.93 0.13 

P14927 Cytochrome b-c1 complex subunit 
7 

UQCRB 13.5 9 4 1 25 0.86 0.24 

P15924 Desmoplakin DSP 331.6 11 152 24 3013 1.63 -0.43 

P16144 Integrin beta-4 ITGB4 202 6 55 8 1061 0.99 0.30 

P16401 Histone H1.5 HIST1H1B 22.6 18 36 4 432 0.92 -0.02 

P17275 Transcription factor jun-B JUNB 35.9 15 5 2 148 1.06 -0.05 

P17931 Galectin-3 LGALS3 26.1 31 53 6 346 1.07 -0.05 

P18065 
Insulin-like growth factor-binding 
protein 2 IGFBP2 34.8 26 48 5 1121 1.00 -0.33 

P18754 
Regulator of chromosome 
condensation 

RCC1 44.9 17 24 4 701 1.02 0.06 

P19338 Nucleolin NCL 76.6 32 222 22 3579 0.83 0.07 

P19525 
Interferon-induced, double-
stranded RNA-activated protein 
kinase 

EIF2AK2 62.1 6 8 3 85 0.77 0.16 

P19971 Thymidine phosphorylase TYMP 49.9 46 229 17 5495 0.88 -0.34 

P20042 
Eukaryotic translation initiation 
factor 2 subunit 2 EIF2S2 38.4 32 49 10 593 0.76 -0.21 

P20908 Collagen alpha-1(V) chain COL5A1 183.4 2 5 2 58 1.18 -0.05 

P21333 Filamin-A FLNA 280.6 49 1004 88 21829 0.89 0.13 

P21810 Biglycan BGN 41.6 41 106 12 2093 0.89 -0.09 

P22223 Cadherin-3 CDH3 91.4 3 10 2 204 0.84 0.13 

P22626 
Heterogeneous nuclear 
ribonucleoproteins A2/B1 HNRNPA2B1 37.4 59 240 14 4643 0.98 0.03 

P23246 
Splicing factor, proline- and 
glutamine-rich SFPQ 76.1 13 46 7 634 0.97 -0.15 

P23284 Peptidyl-prolyl cis-trans isomerase 
B 

PPIB 23.7 61 195 16 1880 1.49 0.27 

P23528 Cofilin-1 CFL1 18.5 55 178 9 3124 0.93 -0.31 

P25815 Protein S100-P S100P 10.4 36 15 3 181 1.11 0.15 

P26038 Moesin MSN 67.8 45 373 19 5709 1.01 0.08 

P26641 Elongation factor 1-gamma EEF1G 50.1 27 143 11 2587 0.72 0.38 

P26885 
Peptidyl-prolyl cis-trans isomerase 
FKBP2 FKBP2 15.6 20 46 4 780 0.86 0.29 

P27144 Adenylate kinase 4, mitochondrial AK4 25.3 5 5 1 80 0.71 0.34 

P27797 Calreticulin CALR 48.1 52 188 16 3253 1.32 0.20 
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P29353 SHC-transforming protein 1 SHC1 62.8 13 18 5 174 0.80 0.13 

P29466 Caspase-1 CASP1 45.1 15 29 5 452 1.17 -0.07 

P29558 RNA-binding motif, single-
stranded-interacting protein 1 

RBMS1 44.5 7 14 2 228 0.70 -0.04 

P29692 Elongation factor 1-delta EEF1D 31.1 32 123 8 3202 1.05 -0.17 

P30101 Protein disulfide-isomerase A3 PDIA3 56.7 56 324 25 5267 1.48 0.43 

P30405 
Peptidyl-prolyl cis-trans isomerase 
F, mitochondrial PPIF 22 13 15 3 182 0.71 -0.12 

P30533 Alpha-2-macroglobulin receptor-
associated protein 

LRPAP1 41.4 24 24 6 313 1.38 0.06 

P31151 Protein S100-A7 S100A7 11.5 39 238 5 3058 2.81 -0.26 

P31942 Heterogeneous nuclear 
ribonucleoprotein H3 

HNRNPH3 36.9 14 28 3 672 1.63 0.02 

P31943 Heterogeneous nuclear 
ribonucleoprotein H 

HNRNPH1 49.2 29 96 5 2564 1.08 0.21 

P31944 Caspase-14 CASP14 27.7 31 13 5 121 2.29 -0.05 

P32320 Cytidine deaminase CDA 16.2 42 51 4 1562 1.56 -0.44 

P32455 Guanylate-binding protein 1 GBP1 67.9 20 82 10 1043 0.92 -0.36 

P35268 60S ribosomal protein L22 RPL22 14.8 30 26 3 1124 1.00 0.35 

P35579 Myosin-9 MYH9 226.4 35 399 50 7414 0.92 -0.38 

P37802 Transgelin-2 TAGLN2 22.4 75 437 15 7764 0.85 -0.14 

P38159 RNA-binding motif protein, X 
chromosome 

RBMX 42.3 12 54 5 843 0.76 0.27 

P39019 40S ribosomal protein S19 RPS19 16.1 30 58 8 657 1.09 -0.04 

P40222 Alpha-taxilin TXLNA 61.9 18 38 5 1172 1.13 -0.05 

P42766 60S ribosomal protein L35 RPL35 14.5 22 13 3 111 0.85 -0.31 

P43363 Melanoma-associated antigen 10 MAGEA10 40.8 4 2 1 41 1.39 0.29 

P43487 
Ran-specific GTPase-activating 
protein RANBP1 23.3 39 38 6 600 0.91 -0.30 

P45973 Chromobox protein homolog 5 CBX5 22.2 7 5 1 81 1.21 0.31 

P46108 Adapter molecule crk CRK 33.8 40 46 8 477 0.89 -0.09 

P46109 Crk-like protein CRKL 33.8 45 96 11 1496 1.43 -0.08 

P49459 Ubiquitin-conjugating enzyme E2 A UBE2A 17.3 8 2 1 70 0.76 -0.17 

P50281 Matrix metalloproteinase-14 MMP14 65.9 4 6 2 50 0.92 -0.02 

P50479 PDZ and LIM domain protein 4 PDLIM4 35.4 27 33 6 482 1.14 -0.42 

P50552 
Vasodilator-stimulated 
phosphoprotein VASP 39.8 21 59 7 1314 0.89 0.23 

P50895 Basal cell adhesion molecule BCAM 67.4 9 25 4 221 1.25 -0.15 

P51114 
Fragile X mental retardation 
syndrome-related protein 1 FXR1 69.7 6 16 3 228 0.81 -0.02 

P52272 
Heterogeneous nuclear 
ribonucleoprotein M HNRNPM 77.5 33 140 17 2055 1.25 0.06 

P52597 Heterogeneous nuclear 
ribonucleoprotein F 

HNRNPF 45.6 31 58 8 1124 0.96 -0.24 

P52789 Hexokinase-2 HK2 102.3 9 18 5 298 0.79 0.16 

P54652 Heat shock-related 70 kDa protein 
2 

HSPA2 70 46 476 14 10671 1.27 0.46 

P55010 Eukaryotic translation initiation 
factor 5 

EIF5 49.2 15 42 5 548 0.76 -0.04 

P55042 GTP-binding protein RAD RRAD 33.2 29 33 5 573 0.87 0.18 

P55072 Transitional endoplasmic reticulum 
ATPase 

VCP 89.3 57 469 39 8048 0.73 -0.05 

P55145 
Mesencephalic astrocyte-derived 
neurotrophic factor MANF 20.7 44 47 8 713 0.95 0.06 

P55209 
Nucleosome assembly protein 1-
like 1 

NAP1L1 45.3 18 45 5 535 0.98 -0.14 

P55210 Caspase-7 CASP7 34.3 15 19 3 522 0.81 -0.21 

P55265 
Double-stranded RNA-specific 
adenosine deaminase ADAR 136 5 15 5 88 0.70 0.20 

P56945 Breast cancer anti-estrogen 
resistance protein 1 

BCAR1 93.3 7 17 3 266 1.16 -0.40 

P57723 Poly(rC)-binding protein 4 PCBP4 41.5 3 9 1 39 0.89 0.27 

P60981 Destrin DSTN 18.5 37 50 7 809 1.02 -0.34 

P61247 40S ribosomal protein S3a RPS3A 29.9 40 98 10 1135 0.79 0.26 

P61254 60S ribosomal protein L26 RPL26 17.2 22 16 4 70 0.84 -0.25 

P61601 Neurocalcin-delta NCALD 22.2 10 10 1 162 1.34 0.34 
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P61604 10 kDa heat shock protein, 
mitochondrial 

HS1 10.9 57 75 6 2399 0.77 -0.24 

P61978 
Heterogeneous nuclear 
ribonucleoprotein K HNRNPK 50.9 33 203 13 4231 0.73 -0.33 

P62854 40S ribosomal protein S26 RPS26 13 26 11 2 97 1.00 -0.33 

P62857 40S ribosomal protein S28 RPS28 7.8 61 71 6 988 1.20 -0.42 

P62913 60S ribosomal protein L11 RPL11 20.2 16 27 3 206 1.09 -0.31 

P62937 
Peptidyl-prolyl cis-trans isomerase 
A PPIA 18 82 610 13 8615 1.06 -0.06 

P62995 
Transformer-2 protein homolog 
beta TRA2B 33.6 9 5 3 36 1.13 -0.26 

P63173 60S ribosomal protein L38 RPL38 8.2 51 27 4 190 0.83 -0.22 

P63241 
Eukaryotic translation initiation 
factor 5A-1 EIF5A 16.8 36 60 9 662 0.69 -0.25 

P67936 Tropomyosin alpha-4 chain TPM4 28.5 70 321 11 6690 1.14 -0.26 

P68104 Elongation factor 1-alpha 1 EEF1A1 50.1 47 344 8 5651 0.79 -0.26 

P68371 Tubulin beta-4B chain TUBB4B 49.8 71 391 2 5089 0.84 -0.17 

P78310 
Coxsackievirus and adenovirus 
receptor CXADR 40 4 8 1 176 0.72 -0.02 

P78318 Immunoglobulin-binding protein 1 IGBP1 39.2 12 12 3 292 0.90 -0.23 

P78344 
Eukaryotic translation initiation 
factor 4 gamma 2 EIF4G2 102.3 11 37 8 645 0.82 0.22 

P78362 SRSF protein kinase 2 SRPK2 77.5 3 6 1 40 1.35 -0.42 

P78504 Protein jagged-1 JAG1 133.7 4 10 2 101 0.94 -0.33 

P80723 Brain acid soluble protein 1 BASP1 22.7 63 82 7 925 1.66 0.27 

P84090 Enhancer of rudimentary homolog ERH 12.3 33 38 3 983 1.39 -0.42 

P84103 Serine/arginine-rich splicing factor 
3 

SRSF3 19.3 18 43 2 456 0.78 -0.14 

P85037 Forkhead box protein K1 FOXK1 75.4 4 10 2 580 0.88 0.38 

P98170 E3 ubiquitin-protein ligase XIAP XIAP 56.6 5 8 2 225 0.70 -0.07 

P98175 RNA-binding protein 10 RBM10 103.5 3 3 2 36 0.93 0.30 

Q00341 Vigilin HDLBP 141.4 17 72 16 881 0.98 0.31 

Q00973 Beta-1,4 N-
acetylgalactosaminyltransferase 1 

B4GALNT1 58.8 1 11 1 59 0.81 0.42 

Q00978 Interferon regulatory factor 9 IRF9 43.7 3 10 1 506 1.23 -0.16 

Q01085 Nucleolysin TIAR TIAL1 41.6 14 14 4 255 0.71 0.01 

Q02388 Collagen alpha-1(VII) chain COL7A1 295 5 30 9 321 1.41 0.01 

Q03252 Lamin-B2 LMNB2 69.9 21 67 12 1557 0.76 -0.16 

Q04695 Keratin, type I cytoskeletal 17 KRT17 48.1 35 100 7 1807 1.62 0.13 

Q04917 14-3-3 protein eta YWHAH 28.2 45 265 7 4434 0.89 0.00 

Q05519 
Serine/arginine-rich splicing factor 
11 SRSF11 53.5 13 28 5 357 1.20 0.29 

Q05682 Caldesmon CALD1 93.2 27 142 19 3033 0.82 -0.03 

Q07065 Cytoskeleton-associated protein 4 CKAP4 66 24 38 10 566 0.69 0.22 

Q07955 Serine/arginine-rich splicing factor 
1 

SRSF1 27.7 30 97 8 1536 1.22 -0.18 

Q08380 Galectin-3-binding protein LGALS3BP 65.3 16 54 6 1448 0.86 0.28 

Q12792 Twinfilin-1 TWF1 40.3 15 23 3 173 0.80 -0.19 

Q12800 
Alpha-globin transcription factor 
CP2 TFCP2 57.2 3 2 1 80 0.80 0.29 

Q12830 Nucleosome-remodeling factor 
subunit BPTF 

BPTF 338.1 1 2 1 47 1.06 -0.16 

Q12904 
Aminoacyl tRNA synthase 
complex-interacting multifunctional 
protein 1 

AIMP1 34.3 31 30 6 264 0.76 -0.10 

Q13148 TAR DNA-binding protein 43 TARDBP 44.7 9 20 3 152 1.01 0.22 

Q13151 
Heterogeneous nuclear 
ribonucleoprotein A0 HNRNPA0 30.8 20 28 4 430 0.71 -0.10 

Q13185 Chromobox protein homolog 3 CBX3 20.8 31 55 6 1043 1.28 -0.30 

Q13283 Ras GTPase-activating protein-
binding protein 1 

G3BP1 52.1 26 67 8 1437 1.05 0.37 

Q13310 Polyadenylate-binding protein 4 PABPC4 70.7 27 138 9 1926 1.14 0.11 

Q13347 Eukaryotic translation initiation 
factor 3 subunit I 

EIF3I 36.5 11 8 3 95 0.77 -0.03 

Q13427 
Peptidyl-prolyl cis-trans isomerase 
G PPIG 88.6 1 2 1 38 1.16 0.17 
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Q13595 Transformer-2 protein homolog 
alpha 

TRA2A 32.7 8 8 2 120 1.13 0.06 

Q13751 Laminin subunit beta-3 LAMB3 129.5 18 96 14 1922 1.84 -0.03 

Q13753 Laminin subunit gamma-2 LAMC2 130.9 14 69 12 1211 1.36 -0.04 

Q14157 Ubiquitin-associated protein 2-like UBAP2L 114.5 13 35 8 915 0.80 -0.23 

Q14192 Four and a half LIM domains 
protein 2 

FHL2 32.2 11 10 2 143 1.77 -0.29 

Q14247 Src substrate cortactin CTTN 61.5 19 73 9 1420 0.78 -0.15 

Q14444 Caprin-1 CAPRIN1 78.3 13 36 5 740 0.86 0.28 

Q14498 RNA-binding protein 39 RBM39 59.3 18 36 7 646 0.74 0.11 

Q14574 Desmocollin-3 DSC3 99.9 6 25 4 428 1.59 -0.34 

Q14696 LRP chaperone MESD MESD 26.1 7 6 1 98 1.46 0.06 

Q14766 
Latent-transforming growth factor 
beta-binding protein 1 LTBP1 186.7 3 14 3 327 0.74 -0.30 

Q147X3 N-alpha-acetyltransferase 30 NAA30 39.3 5 4 1 37 0.81 0.03 

Q14919 Dr1-associated corepressor DRAP1 22.3 5 8 1 102 1.18 -0.44 

Q15007 
Pre-mRNA-splicing regulator 
WTAP 

WTAP 44.2 9 9 2 109 1.24 0.00 

Q15084 Protein disulfide-isomerase A6 PDIA6 48.1 36 132 12 3222 1.30 0.21 

Q15233 
Non-POU domain-containing 
octamer-binding protein NONO 54.2 19 82 6 967 1.27 0.03 

Q15428 Splicing factor 3A subunit 2 SF3A2 49.2 4 3 1 50 0.75 0.27 

Q15654 
Thyroid receptor-interacting protein 
6 TRIP6 50.3 9 13 3 244 0.91 -0.36 

Q15691 Microtubule-associated protein 
RP/EB family member 1 

MAPRE1 30 41 61 9 1240 1.00 -0.07 

Q15785 Mitochondrial import receptor 
subunit TOM34 

TOMM34 34.5 23 13 5 116 0.81 -0.14 

Q15819 
Ubiquitin-conjugating enzyme E2 
variant 2 UBE2V2 16.4 46 58 3 731 0.91 -0.13 

Q15843 NEDD8 NEDD8 9.1 23 19 2 182 0.85 -0.30 

Q16270 
Insulin-like growth factor-binding 
protein 7 IGFBP7 29.1 27 28 5 521 1.27 0.03 

Q16658 Fascin FSCN1 54.5 35 91 11 1782 1.34 -0.10 

Q16719 Kynureninase KYNU 52.3 6 3 2 34 0.98 0.36 

Q16787 Laminin subunit alpha-3 LAMA3 366.4 4 41 9 722 1.54 -0.17 

Q29RF7 
Sister chromatid cohesion protein 
PDS5 homolog A PDS5A 150.7 3 11 2 354 1.09 0.11 

Q3KQU3 MAP7 domain-containing protein 1 MAP7D1 92.8 8 35 5 430 1.03 0.10 

Q5EBL8 PDZ domain-containing protein 11 PDZD11 16.1 7 2 1 36 0.95 0.04 

Q5JTV8 Torsin-1A-interacting protein 1 TOR1AIP1 66.2 8 15 3 243 0.84 -0.12 

Q5T0F9 
Coiled-coil and C2 domain-
containing protein 1B CC2D1B 94.2 1 5 1 84 1.14 0.12 

Q66K14 TBC1 domain family member 9B TBC1D9B 140.4 2 7 1 125 1.18 -0.11 

Q69YQ0 Cytospin-A SCC1L 124.5 2 8 1 66 1.84 -0.12 

Q6UVK1 Chondroitin sulfate proteoglycan 4 CSPG4 250.4 11 56 14 1019 0.88 0.39 

Q6ZUM4 Rho GTPase-activating protein 27 ARHGAP27 98.3 2 3 1 47 0.79 0.07 

Q7KZF4 Staphylococcal nuclease domain-
containing protein 1 

SND1 101.9 31 122 23 1515 0.85 0.05 

Q7L1Q6 
Basic leucine zipper and W2 
domain-containing protein 1 BZW1 48 2 4 1 91 0.70 -0.29 

Q7L8J4  SH3 domain-binding protein 5-like SH3BP5L 43.5 3 2 1 24 1.14 -0.18 

Q86SG5 Protein S100-A7A S100A7A 11.3 35 169 1 2135 4.51 0.06 

Q86U42 Polyadenylate-binding protein 2 PABPN1 32.7 27 26 4 550 0.74 -0.21 

Q86UP2 Kinectin KTN1 156.2 24 123 24 1962 1.05 0.10 

Q8IUD2 ELKS/Rab6-interacting/CAST 
family member 1 

ERC1 128 9 26 6 681 1.13 -0.07 

Q8IVN3 
Musculoskeletal embryonic nuclear 
protein 1 MUSTN1 8.9 18 8 1 213 0.76 0.11 

Q8N163 Cell cycle and apoptosis regulator 
protein 2 

CCAR2 102.8 21 57 14 1005 0.69 0.20 

Q8N4X5 Actin filament-associated protein 1-
like 2 

AFAP1L2 91.2 7 4 3 53 1.30 0.06 

Q8NBJ5 
Procollagen galactosyltransferase 
1 COLGALT1 71.6 6 16 3 280 1.28 0.30 

Q8NC56 LEM domain-containing protein 2 LEMD2 56.9 3 9 1 163 1.08 0.14 

Q8ND04 Protein SMG8 SMG8 109.6 2 6 1 266 0.71 -0.07 
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Q8NEY1 Neuron navigator 1 NAV1 202.3 3 5 3 57 0.90 -0.17 

Q8TAT6 
Nuclear protein localization protein 
4 homolog NPLOC4 68.1 4 8 2 61 0.72 -0.22 

Q8TD16 Protein bicaudal D homolog 2 BICD2 93.5 13 24 7 279 1.49 -0.46 

Q8WUP2 Filamin-binding LIM protein 1 FBLIM1 40.6 13 21 3 275 1.34 -0.06 

Q8WWX9 Selenoprotein M SELENOM 16.2 21 11 2 128 1.01 0.08 

Q92522 Histone H1x H1FX 22.5 19 22 3 313 0.73 -0.12 

Q92597 Protein NDRG1 NDRG1 42.8 40 277 8 5581 2.03 -0.17 

Q969S3 Zinc finger protein 622 ZNF622 54.2 4 2 1 23 2.08 -0.07 

Q96C90 
Protein phosphatase 1 regulatory 
subunit 14B PPP1R14B 15.9 17 22 2 868 0.89 -0.10 

Q96D15 Reticulocalbin-3 RCN3 37.5 18 38 5 653 0.90 0.34 

Q96EK6 
Glucosamine 6-phosphate N-
acetyltransferase GNPNAT1 20.7 24 9 3 71 0.70 0.33 

Q96F24 Nuclear receptor-binding factor 2 NRBF2 32.4 5 4 1 29 1.23 -0.46 

Q96GM8 Target of EGR1 protein 1 TOE1 56.5 8 11 2 306 1.12 0.08 

Q96HE7 ER ERO1A 54.4 28 67 10 1364 0.82 -0.33 

Q96IZ0 
PRKC apoptosis WT1 regulator 
protein PAWR 36.5 26 14 4 314 1.14 -0.46 

Q96M27 Protein PRRC1 PRRC1 46.7 3 9 1 381 0.70 0.34 

Q96PK6 RNA-binding protein 14 RBM14 69.4 13 36 6 901 0.76 -0.09 

Q96QR8 Transcriptional activator protein 
Pur-beta 

PURB 33.2 3 2 1 65 0.96 -0.08 

Q96T60 Bifunctional polynucleotide 
phosphatase/kinase 

PNKP 57 2 6 1 102 1.03 0.30 

Q99439 Calponin-2 CNN2 33.7 39 78 7 829 0.83 0.38 

Q99622 Protein C10 C12orf57 13.2 37 8 3 115 0.75 0.00 

Q99715 Collagen alpha-1(XII) chain COL12A1 332.9 12 145 26 2042 1.88 -0.09 

Q99747 Gamma-soluble NSF attachment 
protein 

NAPG 34.7 10 12 2 63 1.12 -0.12 

Q9BQL6 Fermitin family homolog 1 FERMT1 77.4 4 4 2 75 1.18 0.01 

Q9BRA2 Thioredoxin domain-containing 
protein 17 

TXNDC17 13.9 45 66 6 1285 1.32 -0.15 

Q9BRJ6 Uncharacterized protein C7orf50 C7orf50 22.1 13 12 2 163 1.00 0.01 

Q9BS26 Endoplasmic reticulum resident 
protein 44 

ERP44 46.9 21 68 7 1335 0.78 0.25 

Q9BST9 Rhotekin RTKN 62.6 8 17 2 210 1.55 0.33 

Q9BTC0 Death-inducer obliterator 1 DIDO1 243.7 1 5 1 74 0.76 0.42 

Q9BTT0 
Acidic leucine-rich nuclear 
phosphoprotein 32 family member 
E 

ANP32E 30.7 17 16 4 226 1.07 0.00 

Q9BWF3 RNA-binding protein 4 RBM4 40.3 4 3 1 71 1.20 -0.03 

Q9BWJ5 Splicing factor 3B subunit 5 SF3B5 10.1 17 22 1 234 0.81 0.16 

Q9BY44 Eukaryotic translation initiation 
factor 2A 

EIF2A 64.9 21 23 8 298 0.89 0.02 

Q9BYN0 Sulfiredoxin-1 SRXN1 14.3 15 5 2 96 0.82 0.03 

Q9C0C2 182 kDa tankyrase-1-binding 
protein 

TNKS1BP1 181.7 26 157 29 3434 1.22 -0.33 

Q9H0B6 Kinesin light chain 2 KLC2 68.9 8 13 2 176 0.99 0.45 

Q9H307 Pinin PNN 81.6 4 6 2 65 0.70 -0.14 

Q9H3K6 BolA-like protein 2 BOLA2 10.1 51 29 3 518 0.70 -0.22 

Q9H6T0 Epithelial splicing regulatory 
protein 2 

ESRP2 78.4 2 6 1 98 0.81 -0.35 

Q9H910 
Jupiter microtubule associated 
homolog 2 JPT2 20.1 38 55 4 1441 1.07 -0.18 

Q9H9H4 
Vacuolar protein sorting-
associated protein 37B VPS37B 31.3 15 10 2 63 0.69 0.00 

Q9HCN8 Stromal cell-derived factor 2-like 
protein 1 

SDF2L1 23.6 26 8 3 199 1.00 0.43 

Q9HD15 Steroid receptor RNA activator 1 SRA1 25.7 19 11 3 323 0.83 -0.08 

Q9NP61 ADP-ribosylation factor GTPase-
activating protein 3 

ARFGAP3 56.9 8 6 3 52 0.91 0.04 

Q9NP79 
Vacuolar protein sorting-
associated protein VTA1 homolog VTA1 33.9 7 10 1 165 0.92 -0.06 

Q9NPA8 
Transcription and mRNA export 
factor ENY2 ENY2 11.5 17 5 1 21 1.17 0.03 

Q9NQ29 Putative RNA-binding protein 
Luc7-like 1 

LUC7L 43.7 2 2 1 39 1.68 0.20 
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Q9NQG5 Regulation of nuclear pre-mRNA 
domain-containing protein 1B 

RPRD1B 36.9 21 30 5 600 0.75 0.27 

Q9NR50 
Translation initiation factor eIF-2B 
subunit gamma EIF2B3 50.2 4 4 1 46 0.75 -0.26 

Q9NRG0 
Chromatin accessibility complex 
protein 1 CHRAC1 14.7 14 3 1 27 1.16 0.33 

Q9NUQ8 ATP-binding cassette sub-family F 
member 3 

ABCF3 79.7 9 11 4 174 0.88 0.06 

Q9NVZ3 Adaptin ear-binding coat-
associated protein 2 

NECAP2 28.3 30 17 4 502 0.75 0.01 

Q9NWT6 
Hypoxia-inducible factor 1-alpha 
inhibitor HIF1AN 40.3 5 3 1 51 0.71 -0.26 

Q9NY33 Dipeptidyl peptidase 3 DPP3 82.5 19 67 9 1975 0.77 0.03 

Q9UBS4 
DnaJ homolog subfamily B 
member 11 DNAJB11 40.5 19 28 5 505 0.92 0.18 

Q9UDX3 SEC14-like protein 4 SEC14L4 46.6 3 2 1 21 0.77 -0.26 

Q9UDY2 Tight junction protein ZO-2 TJP2 133.9 8 16 6 107 1.01 -0.44 

Q9UGI8 Testin TES 48 18 36 6 506 1.09 -0.17 

Q9UHB6 
LIM domain and actin-binding 
protein 1 LIMA1 85.2 18 35 9 607 1.18 0.03 

Q9UI15 Transgelin-3 TAGLN3 22.5 14 35 1 517 0.80 -0.22 

Q9UK22 F-box only protein 2 FBXO2 33.3 9 20 2 734 1.45 0.21 

Q9UKM9 RNA-binding protein Raly RALY 32.4 37 44 6 642 1.25 0.10 

Q9UMY4 Sorting nexin-12 SNX12 19.7 9 13 1 102 1.00 0.13 

Q9UNF1 Melanoma-associated antigen D2 MAGED2 64.9 11 18 3 393 0.98 0.43 

Q9UPN3 
Microtubule-actin cross-linking 
factor 1, isoforms 1/2/3/5 

MACF1 837.8 3 33 13 423 0.83 0.11 

Q9Y266 Nuclear migration protein nudC NUDC 38.2 30 32 8 434 0.74 -0.16 

Q9Y2H0 Disks large-associated protein 4 DLGAP4 107.9 7 15 4 82 0.78 -0.22 

Q9Y2X3 Nucleolar protein 58 NOP58 59.5 5 8 2 116 1.14 -0.02 

Q9Y383 Putative RNA-binding protein 
Luc7-like 2 

LUC7L2 46.5 16 29 5 517 0.94 0.23 

Q9Y3B2 Exosome complex component 
CSL4 

EXOSC1 21.4 8 10 1 504 0.84 -0.03 

Q9Y4F5 
Centrosomal protein of 170 kDa 
protein B CEP170B 171.6 1 3 1 120 1.88 -0.24 

Q9Y570 Protein phosphatase 
methylesterase 1 

PPME1 42.3 22 26 7 382 1.21 -0.19 

Q9Y587 AP-4 complex subunit sigma-1 AP4S1 17 7 2 1 31 0.89 0.28 

Q9Y5K6 CD2-associated protein CD2AP 71.4 10 30 6 205 0.96 -0.14 

Q9Y613 
FH1/FH2 domain-containing 
protein 1 FHOD1 126.5 2 3 1 20 0.69 -0.02 

Note: Proteins of interest highlighted as degradation of collagen and ECM (yellow), cell-to-cell communication 
pathway (green), bacterial invasion (purple) and ribosomal proteins (blue).  
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Figure 4.10: Protein-protein interaction network (STRING) for upregulated proteins in 

non-smoker tumour and no change in smoker tumour with respect to their normal. 



108 
 

(DN) Downregulated in non-smoking and no change smoking (relative to 

respective normal) 

Detailed results of significantly altered proteins for DN are summarised in Table 

4.8. Downregulated proteins in non-smoker but expressing no change in smoker 

tumour cluster identified 257 intracellular proteins out of 281. Groups of proteins 

expressed functional correlation with oxidative phosphorylation including LHPP, 

ATP6V1D, PPA2, ATP5I, ATP5CI, ATP55B, NDVFV2, and HIBADH (FDR = 

0.0200). A total of 38 proteins were identified as part of the innate immune system 

(FDR = 0.00062), a cluster of proteasomal complex components was also 

identified (PSMB5, PSMA4, PSME1, PSMB3, PSMB2 and PSMB4 (FDR = 

0.0004)) and striated muscle contraction pathway (MYL1, MYBPL1, MYOM1, 

MYBPL2, MYL3, TNN12, TTN and TNNC2 (FDR = 0.00017)) (Figure 4.11). 
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Table 4.8: List of proteins downregulated in non-smoker tumour and no change 

in smoker tumour. 

Accession  Protein Name  Gene 
MW 

[kDa]  
SC 
[%]  PSMs 

Unique 
Peptides  

Score 
Mascot  

115 
114 

117 
116 

A0A0A0MS15  Immunoglobulin heavy variable 
3-49 

IGHV3-49 13 17 13 2 274 -1.03 -0.09 

A0A0B4J1X5  Immunoglobulin heavy variable 
3-74 

IGHV3-74 12.8 22 25 1 459 -1.46 -0.36 

A0A0B4J2D5  
Glutamine amidotransferase-
like class 1 domain-containing 
protein 3B, mitochondrial 

GATD3B 28.1 40 47 6 878 -1.13 0.04 

A0A0C4DH34 Immunoglobulin heavy variable 
4-28 

IGHV4-28 13.1 14 2 1 31 -0.98 -0.38 

E9PAV3 
Nascent polypeptide-
associated complex subunit 
alpha, muscle-specific form 

NACA 205.3 16 171 19 3844 -1.35 0.39 

O00533 
Neural cell adhesion molecule 
L1-like protein CHL1 135 3 8 2 128 -0.98 -0.40 

O00534 von Willebrand factor A 
domain-containing protein 5A 

VWA5A 86.4 16 55 9 912 -0.69 -0.11 

O00625 Pirin PIR 32.1 20 15 4 169 -0.82 0.09 

O14497 
AT-rich interactive domain-
containing protein 1A 

ARID1A 241.9 3 18 3 233 -0.71 -0.23 

O14983 Sarcoplasmic/endoplasmic 
reticulum calcium ATPase 1 

ATP2A1 110.2 9 26 4 418 -1.03 0.32 

O15145 
Actin-related protein 2/3 
complex subunit 3 ARPC3 20.5 15 27 3 485 -0.73 0.15 

O43516 
WAS/WASL-interacting protein 
family member 1 WIPF1 51.2 9 13 3 205 -0.75 0.00 

O43566 Regulator of G-protein 
signaling 14 

RGS14 61.4 3 6 1 106 -0.77 0.27 

O43813 LanC-like protein 1 LANCL1 45.3 6 31 2 740 -0.87 -0.07 

O43865 
S-adenosylhomocysteine 
hydrolase-like protein 1 

AHCYL1 58.9 7 16 1 181 -1.53 -0.23 

O60240 Perilipin-1 PLIN1 56 19 12 5 236 -0.86 0.17 

O60888 Protein CutA CUTA 19.1 8 22 1 644 -1.59 0.43 

O75391 Sperm-associated antigen 7 SPAG7 26 11 12 2 316 -0.83 0.30 

O75521 
Enoyl-CoA delta isomerase 2, 
mitochondrial ECI2 43.6 24 28 6 598 -1.08 -0.05 

O75781 Paralemmin-1 PALM 42.1 10 11 2 285 -1.24 -0.17 

O75891 
Cytosolic 10-
formyltetrahydrofolate 
dehydrogenase 

ALDH1L1 98.8 11 31 7 306 -0.95 0.36 

O75915 PRA1 family protein 3 ARL6IP5 21.6 6 3 1 32 -1.50 0.12 

O75995 SAM and SH3 domain-
containing protein 3 

SASH3 41.6 14 6 3 21 -0.83 -0.18 

O76070 Gamma-synuclein SNCG 13.3 30 22 3 673 -1.04 -0.36 

O94875 
Sorbin and SH3 domain-
containing protein 2 SORBS2 124 8 24 6 238 -0.75 -0.14 

O95104 Splicing factor, arginine/serine-
rich 15 

SCAF4 125.8 3 7 2 101 -0.72 0.02 

O95352 
Ubiquitin-like modifier-
activating enzyme ATG7 ATG7 77.9 7 11 4 136 -0.73 0.18 

O95810 Caveolae-associated protein 2 CAVIN2 47.1 19 44 6 1071 -1.63 -0.43 

O95834 Echinoderm microtubule-
associated protein-like 2 

EML2 70.6 7 27 3 476 -0.72 0.18 

O95865 
N(G),N(G)-dimethylarginine 
dimethylaminohydrolase 2 DDAH2 29.6 29 34 5 564 -1.05 0.18 

O95989 
Diphosphoinositol 
polyphosphate 
phosphohydrolase 1 

NUDT3 19.5 30 21 3 503 -0.69 0.18 

P00325 Alcohol dehydrogenase 1B ADH1B 39.8 30 57 4 833 -1.94 0.20 

P00352 Retinal dehydrogenase 1 ALDH1A1 54.8 48 182 19 3051 -0.83 -0.32 

P00367 Glutamate dehydrogenase 1, 
mitochondrial 

GLUD1 61.4 45 147 20 2372 -1.06 -0.14 

P00390 Glutathione reductase, 
mitochondrial 

GSR 56.2 28 77 9 1418 -0.95 0.22 

P00491 
Purine nucleoside 
phosphorylase PNP 32.1 45 97 9 1368 -0.91 -0.25 

P01019 Angiotensinogen AGT 53.1 15 51 7 543 -1.44 0.10 

P01023 Alpha-2-macroglobulin A2M 163.2 44 603 48 10706 -0.69 -0.20 
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P01743 Immunoglobulin heavy variable 
1-46 

IGHV1-46 12.9 13 7 1 314 -0.79 0.01 

P01903 
HLA class II histocompatibility 
antigen, DR alpha chain HLA-DRA 28.6 25 31 4 385 -0.88 0.32 

P02585 Troponin C, skeletal muscle TNNC2 18.1 55 114 7 2067 -1.87 -0.18 

P02649 Apolipoprotein E APOE 36.1 26 60 7 2235 -0.84 0.10 

P02655 Apolipoprotein C-II APOC2 11.3 20 13 2 140 -1.10 -0.43 

P02656 Apolipoprotein C-III APOC3 10.8 30 63 3 1610 -1.58 -0.32 

P03951 Coagulation factor XI F11 70.1 4 3 2 80 -0.82 0.11 

P04066 Tissue alpha-L-fucosidase FUCA1 53.7 12 22 4 194 -0.73 0.39 

P04114 Apolipoprotein B-100 APOB 515.3 19 370 66 5370 -1.09 -0.24 

P04424 Argininosuccinate lyase ASL 51.6 9 8 3 111 -0.79 0.36 

P04430 Immunoglobulin kappa variable 
1-16 

IGKV1-16 12.6 14 7 1 156 -1.06 -0.39 

P04632 Calpain small subunit 1 CAPNS1 28.3 22 33 4 775 -0.83 0.13 

P04899 
Guanine nucleotide-binding 
protein G(i) subunit alpha-2 GNAI2 40.4 15 37 2 539 -0.84 0.13 

P05090 Apolipoprotein D APOD 21.3 13 9 2 249 -1.03 -0.28 

P05091 
Aldehyde dehydrogenase, 
mitochondrial ALDH2 56.3 49 266 24 5292 -1.17 -0.17 

P05120 
Plasminogen activator inhibitor 
2 

SERPINB2 46.6 14 23 5 222 -0.73 0.08 

P05452 Tetranectin CLEC3B 22.5 37 57 7 1081 -1.26 -0.12 

P05543 Thyroxine-binding globulin SERPINA7 46.3 10 9 4 111 -1.84 -0.22 

P05546 Heparin cofactor 2 SERPIND1 57 4 15 2 122 -1.06 -0.13 

P05976 
Myosin light chain 1/3, skeletal 
muscle isoform MYL1 21.1 63 175 10 3593 -2.08 -0.45 

P06576 
ATP synthase subunit beta, 
mitochondrial ATP5F1B 56.5 53 506 19 11785 -0.69 -0.01 

P07954 Fumarate hydratase, 
mitochondrial 

FH 54.6 32 114 11 2939 -0.85 0.13 

P08133 Annexin A6 ANXA6 75.8 60 422 34 6717 -0.96 -0.07 

P08294 
Extracellular superoxide 
dismutase [Cu-Zn] SOD3 25.8 32 94 7 2263 -1.12 -0.43 

P08590 Myosin light chain 3 MYL3 21.9 58 86 6 2346 -1.02 0.05 

P09417 Dihydropteridine reductase QDPR 25.8 47 73 7 1484 -1.01 0.17 

P09622 Dihydrolipoyl dehydrogenase, 
mitochondrial 

DLD 54.1 21 72 9 1263 -0.75 0.37 

P09668 Pro-cathepsin H CTSH 37.4 9 13 2 401 -0.98 0.05 

P0C0L4 Complement C4-A C4A 192.7 36 363 2 6113 -1.11 0.01 

P0C869 Cytosolic phospholipase A2 
beta 

PLA2G4B 87.9 3 3 1 43 -1.15 -0.36 

P0DOX3 
Immunoglobulin delta heavy 
chain 1 SV 56.2 7 20 3 289 -0.83 -0.12 

P10301 Ras-related protein R-Ras RRAS 23.5 22 22 2 304 -1.10 0.41 

P10515 

Dihydrolipoyllysine-residue 
acetyltransferase component of 
pyruvate dehydrogenase 
complex, mitochondrial 

DLAT 69 14 33 5 486 -0.99 0.38 

P10636 
Microtubule-associated protein 
tau MAPT 78.9 12 19 5 228 -1.99 0.18 

P10768 S-formylglutathione hydrolase ESD 31.4 37 68 9 1074 -0.81 0.12 

P12081 
Histidine--tRNA ligase, 
cytoplasmic HARS 57.4 25 80 12 721 -0.86 -0.09 

P12277 Creatine kinase B-type CKB 42.6 44 138 12 3037 -0.90 0.04 

P12883 Myosin-7 MYH7 223 23 219 31 4403 -0.69 -0.05 

P13796 Plastin-2 LCP1 70.2 63 743 32 14607 -1.07 -0.03 

P13804 Electron transfer flavoprotein 
subunit alpha, mitochondrial 

ETFA 35.1 35 88 8 1668 -0.98 0.41 

P13807 Glycogen [starch] synthase, 
muscle 

GYS1 83.7 10 6 4 61 -0.72 0.41 

P14151 L-selectin SELL 42.2 5 2 1 43 -1.10 0.23 

P14317 Hematopoietic lineage cell-
specific protein 

HCLS1 54 21 118 9 1628 -0.96 -0.40 

P15090 Fatty acid-binding protein, 
adipocyte 

FABP4 14.7 52 58 4 1116 -1.22 0.15 
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P15259 Phosphoglycerate mutase 2 PGAM2 28.7 37 59 5 591 -0.80 0.30 

P16083 
Ribosyldihydronicotinamide 
dehydrogenase [quinone] NQO2 25.9 24 8 3 306 -1.56 0.22 

P17174 
Aspartate aminotransferase, 
cytoplasmic GOT1 46.2 56 175 17 3537 -1.59 0.42 

P17540 Creatine kinase S-type, 
mitochondrial 

CKMT2 47.5 44 175 14 4158 -1.60 0.23 

P18077 60S ribosomal protein L35a RPL35A 12.5 8 2 1 43 -1.38 0.43 

P19388 
DNA-directed RNA 
polymerases I, II, and III 
subunit RPABC1 

POLR2E 24.5 4 3 1 44 -0.90 -0.21 

P19404 
NADH dehydrogenase 
[ubiquinone] flavoprotein 2, 
mitochondrial 

NDUFV2 27.4 29 28 5 681 -0.94 -0.25 

P19652 Alpha-1-acid glycoprotein 2 ORM2 23.6 38 71 6 610 -0.77 -0.44 

P20023 Complement receptor type 2 CR2 112.8 3 6 2 83 -2.60 0.04 

P20036 
HLA class II histocompatibility 
antigen, DP alpha 1 chain HLA-DPA1 29.4 11 3 2 27 -0.80 0.29 

P20339 Ras-related protein Rab-5A RAB5A 23.6 23 11 2 106 -0.83 0.23 

P20340 Ras-related protein Rab-6A RAB6A 23.6 18 36 2 425 -1.06 0.44 

P20701 Integrin alpha-L ITGAL 128.7 2 2 1 22 -0.77 0.03 

P20929 Nebulin NEB 772.4 6 98 26 1576 -1.61 0.38 

P21266 Glutathione S-transferase Mu 3 GSTM3 26.5 32 29 6 268 -0.87 0.03 

P21399 Cytoplasmic aconitate 
hydratase 

ACO1 98.3 17 67 11 567 -0.71 0.44 

P21796 Voltage-dependent anion-
selective channel protein 1 

VDAC1 30.8 8 7 2 229 -1.30 0.36 

P22033 
Methylmalonyl-CoA mutase, 
mitochondrial MUT 83.1 14 15 8 236 -0.74 0.25 

P22352 Glutathione peroxidase 3 GPX3 25.5 32 66 6 1083 -0.89 -0.41 

P23921 Ribonucleoside-diphosphate 
reductase large subunit 

RRM1 90 9 21 5 484 -0.85 0.04 

P23946 Chymase CMA1 27.3 12 4 2 75 -0.88 -0.42 

P25789 Proteasome subunit alpha 
type-4 

PSMA4 29.5 25 44 6 999 -1.26 0.10 

P27169 Serum 
paraoxonase/arylesterase 1 

PON1 39.7 14 29 4 724 -1.12 0.12 

P27707 Deoxycytidine kinase DCK 30.5 6 6 1 91 -0.83 -0.45 

P28062 Proteasome subunit beta type-
8 

PSMB8 30.3 22 33 5 654 -0.97 -0.01 

P28070 
Proteasome subunit beta type-
4 PSMB4 29.2 31 77 5 1870 -0.83 0.01 

P28074 
Proteasome subunit beta type-
5 PSMB5 28.5 19 30 4 509 -0.74 0.46 

P29622 Kallistatin SERPINA4 48.5 2 7 1 121 -0.71 0.12 

P30041 Peroxiredoxin-6 PRDX6 25 77 195 16 3308 -1.06 0.12 

P30049 
ATP synthase subunit delta, 
mitochondrial 

ATP5F1D 17.5 17 51 3 1369 -0.75 -0.38 

P30086 Phosphatidylethanolamine-
binding protein 1 

BP1 21 71 199 11 3256 -0.88 -0.33 

P30566 Adenylosuccinate lyase ADSL 54.9 16 19 5 259 -0.97 0.01 

P31323 
cAMP-dependent protein 
kinase type II-beta regulatory 
subunit 

PRKAR2B 46.3 27 47 6 1135 -1.03 0.19 

P31937 3-hydroxyisobutyrate 
dehydrogenase, mitochondrial 

HIBADH 35.3 29 81 9 1947 -0.73 0.44 

P32942 
Intercellular adhesion molecule 
3 ICAM3 59.5 2 6 1 32 -1.02 0.30 

P33121 Long-chain-fatty-acid--CoA 
ligase 1 

ACSL1 77.9 3 12 2 280 -0.74 -0.10 

P34896 
Serine 
hydroxymethyltransferase, 
cytosolic 

SHMT1 53 14 23 4 299 -0.80 -0.35 

P34913 
Bifunctional epoxide hydrolase 
2 EPHX2 62.6 17 36 6 520 -0.99 -0.39 

P35443 Thrombospondin-4 THBS4 105.8 16 67 8 1739 -0.82 0.22 

P35555 Fibrillin-1 FBN1 312 28 509 50 10753 -0.87 0.31 

P35556 Fibrillin-2 FBN2 314.6 1 29 1 272 -0.71 0.08 

P35573 Glycogen debranching enzyme AGL 174.7 19 100 24 1277 -0.90 0.39 

P35611 Alpha-adducin ADD1 80.9 12 66 6 1390 -0.96 -0.37 
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P36269 Glutathione hydrolase 5 
proenzyme 

GGT5 62.2 5 8 2 195 -0.86 -0.19 

P36542 
ATP synthase subunit gamma, 
mitochondrial ATP5F1C 33 4 6 1 34 -1.30 0.20 

P36969 
Phospholipid hydroperoxide 
glutathione peroxidase GPX4 22.2 35 28 6 241 -1.40 0.13 

P38117 Electron transfer flavoprotein 
subunit beta 

ETFB 27.8 48 106 12 1930 -0.71 0.36 

P40925 Malate dehydrogenase, 
cytoplasmic 

MDH1 36.4 38 175 10 3003 -1.13 0.37 

P40926 
Malate dehydrogenase, 
mitochondrial MDH2 35.5 61 513 18 12449 -1.17 0.19 

P41222 Prostaglandin-H2 D-isomerase PTGDS 21 17 19 2 424 -0.99 -0.33 

P42025 Beta-centractin ACTR1B 42.3 18 34 2 324 -1.16 0.34 

P42126 
Enoyl-CoA delta isomerase 1, 
mitochondrial 

ECI1 32.8 15 47 4 661 -1.11 0.40 

P42765 3-ketoacyl-CoA thiolase, 
mitochondrial 

ACAA2 41.9 30 26 8 450 -0.71 0.34 

P42768 
Wiskott-Aldrich syndrome 
protein WAS 52.9 16 22 5 414 -0.86 -0.21 

P43155 Carnitine O-acetyltransferase CRAT 70.8 10 19 5 455 -0.97 0.19 

P45954 
Short/branched chain specific 
acyl-CoA dehydrogenase, 
mitochondrial 

ACADSB 47.5 20 16 6 112 -0.76 -0.05 

P45984 
Mitogen-activated protein 
kinase 9 MAPK9 48.1 4 14 1 115 -0.74 0.40 

P46527 Cyclin-dependent kinase 
inhibitor 1B 

CDKN1B 22.1 19 20 2 385 -1.14 -0.29 

P46926 Glucosamine-6-phosphate 
isomerase 1 

GNPDA1 32.6 32 26 3 531 -0.76 -0.18 

P46952 
3-hydroxyanthranilate 3,4-
dioxygenase HAAO 32.5 9 9 2 199 -1.21 -0.18 

P48788 Troponin I, fast skeletal muscle TNNI2 21.3 34 37 6 345 -1.44 -0.29 

P49189 4-trimethylaminobutyraldehyde 
dehydrogenase 

ALDH9A1 53.8 38 167 16 3224 -0.99 -0.10 

P49247 Ribose-5-phosphate isomerase RPIA 33.2 21 18 4 365 -1.39 -0.38 

P49720 Proteasome subunit beta type-
3 

PSMB3 22.9 27 53 4 735 -1.26 0.24 

P49721 
Proteasome subunit beta type-
2 PSMB2 22.8 20 30 4 631 -1.33 0.26 

P49747 
Cartilage oligomeric matrix 
protein COMP 82.8 21 57 7 1517 -0.72 -0.39 

P49961 Ectonucleoside triphosphate 
diphosphohydrolase 1 

ENTPD1 57.9 3 9 1 147 -0.73 -0.12 

P50135 Histamine N-methyltransferase HNMT 33.3 13 19 3 309 -1.40 0.38 

P50453 Serpin B9 SERPINB9 42.4 33 58 9 947 -0.94 -0.34 

P51606 N-acylglucosamine 2-
epimerase 

RENBP 48.8 3 5 1 156 -1.33 0.19 

P51687 Sulfite oxidase, mitochondrial SUOX 60.2 9 7 3 78 -0.75 -0.21 

P51692 Signal transducer and activator 
of transcription 5B 

STAT5B 89.8 2 5 1 88 -1.17 0.40 

P51888 Prolargin PRELP 43.8 40 219 12 3506 -1.36 -0.01 

P52179 Myomesin-1 MYOM1 187.5 16 84 18 1284 -1.99 0.35 

P52566 Rho GDP-dissociation inhibitor 
2 

ARHGDIB 23 62 114 9 1840 -0.90 -0.16 

P53618 Coatomer subunit beta COPB1 107.1 2 6 1 51 -0.87 0.14 

P54296 Myomesin-2 MYOM2 164.8 22 93 24 1108 -1.64 0.37 

P55060 Exportin-2 CSE1L 110.3 5 4 3 46 -0.71 0.26 

P56385 
ATP synthase subunit e, 
mitochondrial ATP5ME 7.9 14 6 1 192 -1.10 0.01 

P60033 CD81 antigen CD81 25.8 8 8 1 257 -1.74 0.12 

P60891 
Ribose-phosphate 
pyrophosphokinase 1 PRPS1 34.8 32 58 3 755 -1.62 0.25 

P61020 Ras-related protein Rab-5B RAB5B 23.7 32 25 3 144 -0.93 -0.05 

P61086 Ubiquitin-conjugating enzyme 
E2 K 

UBE2K 22.4 33 24 5 436 -0.89 0.12 

P61204 ADP-ribosylation factor 3 ARF3 20.6 36 47 4 698 -1.63 0.24 

P61925 
cAMP-dependent protein 
kinase inhibitor alpha 

PKIA 8 50 7 2 103 -0.99 0.42 

P62328 Thymosin beta-4 TMSB4X 5.1 55 49 3 271 -1.47 -0.18 

P62330 ADP-ribosylation factor 6 ARF6 20.1 32 14 4 122 -1.62 -0.22 
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P63151 

Serine/threonine-protein 
phosphatase 2A 55 kDa 
regulatory subunit B alpha 
isoform 

PPP2R2A 51.7 7 2 2 39 -0.99 -0.18 

P78540 Arginase-2, mitochondrial ARG2 38.6 4 2 1 52 -0.69 0.25 

Q00325 Phosphate carrier protein, 
mitochondrial 

SLC25A3 40.1 3 8 1 87 -1.23 0.36 

Q00872 Myosin-binding protein C, slow-
type 

MYBPC1 128.2 21 123 19 1657 -1.42 0.00 

Q02252 
Methylmalonate-semialdehyde 
dehydrogenase [acylating], 
mitochondrial 

ALDH6A1 57.8 28 41 9 588 -0.99 0.15 

Q06278 Aldehyde oxidase AOX1 147.8 5 6 4 89 -0.77 0.18 

Q06323 
Proteasome activator complex 
subunit 1 PSME1 28.7 54 133 13 2181 -0.71 -0.24 

Q08257 Quinone oxidoreductase CRYZ 35.2 27 43 5 960 -0.72 0.18 

Q13011 Delta(3,5)-Delta(2,4)-dienoyl-
CoA isomerase, mitochondrial 

ECH1 35.8 29 129 7 3165 -0.91 -0.03 

Q13228 Methanethiol oxidase SELENBP1 52.4 44 168 18 3713 -1.17 -0.21 

Q13790 Apolipoprotein F APOF 35.4 4 2 1 41 -1.24 -0.16 

Q14005 Pro-interleukin-16 IL16 141.7 10 53 9 965 -0.99 -0.36 

Q14019 Coactosin-like protein COTL1 15.9 34 50 6 748 -1.41 -0.15 

Q14108 Lysosome membrane protein 2 SCARB2 54.3 2 2 1 37 -0.99 0.40 

Q14141 Septin-6 38961 49.7 25 73 7 1260 -0.76 -0.12 

Q14249 Endonuclease G, mitochondrial ENDOG 32.6 4 2 1 74 -1.18 0.36 

Q14324 
Myosin-binding protein C, fast-
type MYBPC2 128 3 15 2 304 -0.75 0.01 

Q14344 
Guanine nucleotide-binding 
protein subunit alpha-13 GNA13 44 10 19 2 208 -0.80 0.19 

Q15018 BRISC complex subunit 
Abraxas 2 

ABRAXAS2 46.9 7 3 2 47 -0.83 0.14 

Q15111 
Inactive phospholipase C-like 
protein 1 PLCL1 122.6 2 20 1 297 -1.42 0.10 

Q15118 
[Pyruvate dehydrogenase 
(acetyl-transferring)] kinase 
isozyme 1, mitochondrial 

PDK1 49.2 3 2 1 37 -0.88 0.22 

Q15124 Phosphoglucomutase-like 
protein 5 

PGM5 62.2 7 15 3 244 -0.97 -0.13 

Q15404 Ras suppressor protein 1 RSU1 31.5 26 42 7 592 -0.70 0.35 

Q15493 Regucalcin RGN 33.2 4 4 1 55 -1.06 -0.26 

Q15833 Syntaxin-binding protein 2 STXBP2 66.4 6 8 2 121 -1.00 0.40 

Q15848 Adiponectin ADIPOQ 26.4 12 13 2 260 -0.89 -0.17 

Q16698 2,4-dienoyl-CoA reductase, 
mitochondrial 

DECR1 36 39 72 10 1396 -0.93 0.18 

Q16799 Reticulon-1 RTN1 83.6 7 13 3 103 -0.84 -0.17 

Q5BKX8 Caveolae-associated protein 4 CAVIN4 41.9 4 5 1 154 -1.07 0.46 

Q5JTJ3  Cytochrome c oxidase 
assembly factor 6 homolog 

COA6 14.1 32 10 3 260 -0.96 -0.21 

Q5SV97 
PGC-1 and ERR-induced 
regulator in muscle protein 1 RM1 81.3 2 6 1 72 -1.07 -0.31 

Q5TA76 
Late cornified envelope protein 
3A 

LCE3A 9.1 29 9 1 117 -1.08 -0.26 

Q5TZA2 Rootletin CROCC 228.4 1 39 1 556 -0.76 0.19 

Q5VWZ2 
Lysophospholipase-like protein 
1 LYPLAL1 26.3 4 2 1 28 -1.20 0.20 

Q6IBS0 Twinfilin-2 TWF2 39.5 24 37 5 572 -0.76 0.32 

Q6WKZ4 Rab11 family-interacting 
protein 1 

RAB11FIP1 137.1 1 3 1 57 -0.84 -0.44 

Q6YHK3 CD109 antigen CD109 161.6 5 9 5 98 -0.77 -0.17 

Q6ZMZ3 Nesprin-3 SYNE3 112.1 4 4 2 43 -0.93 0.39 

Q7L775 EPM2A-interacting protein 1 EPM2AIP1 70.3 2 2 1 69 -0.92 0.43 

Q7Z3B1 Neuronal growth regulator 1 NEGR1 38.7 4 5 1 26 -1.35 -0.04 

Q7Z5R6 
Amyloid beta A4 precursor 
protein-binding family B 
member 1-interacting protein 

APBB1IP 73.1 4 11 2 140 -0.87 0.20 

Q86WV1 
Src kinase-associated 
phosphoprotein 1 SKAP1 41.4 4 7 1 169 -0.74 -0.34 

Q8IYB5 Stromal membrane-associated 
protein 1 

SMAP1 50.4 3 8 1 165 -0.70 0.31 
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Q8N0X4 Citramalyl-CoA lyase, 
mitochondrial 

CLYBL 37.3 13 6 3 95 -0.69 -0.37 

Q8N1Q1 Carbonic anhydrase 13 CA13 29.4 6 6 1 60 -0.90 -0.09 

Q8N335 
Glycerol-3-phosphate 
dehydrogenase 1-like protein GPD1L 38.4 21 34 5 435 -0.75 0.24 

Q8N3K9 Cardiomyopathy-associated 
protein 5 

CMYA5 448.9 0 4 1 80 -1.64 -0.11 

Q8N5A5 
Zinc finger CCCH-type with G 
patch domain-containing 
protein 

ZGPAT 57.3 3 3 1 71 -0.89 -0.08 

Q8N8N7 Prostaglandin reductase 2 PTGR2 38.5 5 4 1 56 -1.16 0.24 

Q8N9N7 Leucine-rich repeat-containing 
protein 57 

LRRC57 26.7 10 3 2 40 -0.97 0.43 

Q8NBF2 
NHL repeat-containing protein 
2 NHLRC2 79.4 6 12 3 72 -0.91 0.01 

Q8NCW5 NAD(P)H-hydrate epimerase NAXE 31.7 28 46 7 457 -1.02 0.43 

Q8NI60 Atypical kinase COQ8A, 
mitochondrial 

COQ8A 71.9 10 24 4 531 -0.87 -0.02 

Q8TBF8 Protein FAM81A FAM81A 42.4 2 8 1 50 -1.63 0.17 

Q8TCA0 Leucine-rich repeat-containing 
protein 20 

LRRC20 20.5 10 9 2 100 -2.48 0.31 

Q8TD30 Alanine aminotransferase 2 GPT2 57.9 10 8 2 103 -0.70 0.40 

Q8TDQ7 
Glucosamine-6-phosphate 
isomerase 2 GNPDA2 31.1 30 16 2 284 -0.96 0.14 

Q8WW59 SPRY domain-containing 
protein 4 

SPRYD4 23.1 5 4 1 30 -1.21 0.28 

Q8WY91 
THAP domain-containing 
protein 4 THAP4 62.9 3 8 1 152 -0.74 -0.40 

Q8WZ42 Titin TTN 3813.7 3 308 71 5289 -1.19 0.34 

Q92506 Estradiol 17-beta-
dehydrogenase 8 

HSD17B8 27 16 19 3 595 -0.77 0.07 

Q92608 
Dedicator of cytokinesis protein 
2 DOCK2 211.8 1 2 1 78 -1.29 0.37 

Q92859 Neogenin NEO1 159.9 1 2 1 21 -0.71 -0.15 

Q96BZ4 Phospholipase D4 PLD4 55.6 2 4 1 44 -0.94 0.29 

Q96C23 Aldose 1-epimerase GALM 37.7 18 19 4 187 -0.73 0.04 

Q96C86 m7GpppX diphosphatase DCPS 38.6 23 23 5 405 -0.69 0.09 

Q96CN7 
Isochorismatase domain-
containing protein 1 ISOC1 32.2 17 28 4 553 -1.09 -0.04 

Q96CX2 
BTB/POZ domain-containing 
protein KCTD12 KCTD12 35.7 44 121 13 1753 -0.72 -0.02 

Q96E11 Ribosome-recycling factor, 
mitochondrial 

MRRF 29.3 11 5 2 70 -0.69 -0.06 

Q96F85 
CB1 cannabinoid receptor-
interacting protein 1 CNRIP1 18.6 16 8 2 89 -0.98 0.00 

Q96HY6 
DDRGK domain-containing 
protein 1 DDRGK1 35.6 4 6 1 104 -0.75 -0.16 

Q96IU4 Protein ABHD14B ABHD14B 22.3 28 34 4 783 -0.71 0.16 

Q96NC0 
Zinc finger matrin-type protein 
2 ZMAT2 23.6 10 4 1 108 -0.88 0.12 

Q99584 Protein S100-A13 S100A13 11.5 46 42 5 637 -0.73 0.22 

Q99598 Translin-associated protein X TSNAX 33.1 24 13 5 118 -1.18 0.12 

Q99972 Myocilin MYOC 56.9 2 2 1 35 -2.68 0.36 

Q9BQ69 O-acetyl-ADP-ribose 
deacetylase MACROD1 

MACROD1 35.5 14 16 3 535 -0.88 0.25 

Q9BQI9 
Nuclear receptor-interacting 
protein 2 NRIP2 31.3 7 5 1 197 -2.06 -0.11 

Q9BS92 Protein NipSnap homolog 3B NIPSNAP3B 28.3 16 14 2 165 -1.71 -0.13 

Q9BUH6 Protein PAXX PAXX 21.6 27 37 4 2054 -0.82 -0.38 

Q9BUT1 
3-hydroxybutyrate 
dehydrogenase type 2 BDH2 26.7 23 30 4 589 -0.82 0.05 

Q9BVC6 Transmembrane protein 109 TMEM109 26.2 5 10 1 156 -0.84 0.34 

Q9BXN1 Asporin ASPN 43.4 39 66 11 731 -1.18 0.17 

Q9C0E8 
Endoplasmic reticulum junction 
formation protein lunapark LNPK 47.7 6 5 2 64 -0.83 0.22 

Q9GZZ9 Ubiquitin-like modifier-
activating enzyme 5 

UBA5 44.8 3 6 1 139 -0.86 0.46 

Q9H008 
Phospholysine 
phosphohistidine inorganic 
pyrophosphate phosphatase 

LHPP 29.1 29 20 5 137 -0.78 -0.09 
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Q9H0R4 
Haloacid dehalogenase-like 
hydrolase domain-containing 
protein 2 

HDHD2 28.5 8 10 2 153 -0.72 0.19 

Q9H2U2 
Inorganic pyrophosphatase 2, 
mitochondrial PPA2 37.9 26 42 5 759 -1.01 -0.05 

Q9H4G0 Band 4.1-like protein 1 EPB41L1 98.4 4 2 2 38 -1.33 -0.40 

Q9H773 dCTP pyrophosphatase 1 DCTPP1 18.7 40 10 4 68 -0.97 0.27 

Q9H7C9 
Mth938 domain-containing 
protein AAMDC 13.3 16 14 2 535 -1.09 0.19 

Q9H8H3 Methyltransferase-like protein 
7A 

METTL7A 28.3 12 11 2 72 -1.03 -0.03 

Q9NNW7 Thioredoxin reductase 2, 
mitochondrial 

TXNRD2 56.5 12 16 4 504 -0.90 0.22 

Q9NP98 Myozenin-1 MYOZ1 31.7 7 4 1 105 -1.15 -0.17 

Q9NPH2 Inositol-3-phosphate synthase 
1 

ISYNA1 61 13 12 5 153 -1.82 0.16 

Q9NR31 GTP-binding protein SAR1a SAR1A 22.4 13 12 2 117 -0.85 0.42 

Q9NTM9 
Copper homeostasis protein 
cutC homolog CUTC 29.3 12 2 2 21 -0.94 0.09 

Q9NTX5 Ethylmalonyl-CoA 
decarboxylase 

ECHDC1 33.7 27 26 7 605 -0.73 0.09 

Q9NUJ1 
Mycophenolic acid acyl-
glucuronide esterase, 
mitochondrial 

ABHD10 33.9 20 24 4 264 -1.11 0.40 

Q9UBW5 Bridging integrator 2 BIN2 61.8 18 12 4 195 -0.74 0.10 

Q9UEW8 STE20/SPS1-related proline-
alanine-rich protein kinase 

STK39 59.4 3 3 1 144 -1.15 0.40 

Q9UEY8 Gamma-adducin ADD3 79.1 10 23 6 230 -0.94 -0.04 

Q9UGJ0 5'-AMP-activated protein 
kinase subunit gamma-2 

PRKAG2 63 2 4 1 25 -1.34 0.01 

Q9UHP9 Small muscular protein SMPX 9.6 43 9 2 40 -0.90 0.10 

Q9UJ70 N-acetyl-D-glucosamine kinase NAGK 37.4 46 103 12 1505 -0.76 -0.40 

Q9UKU7 Isobutyryl-CoA 
dehydrogenase, mitochondrial 

ACAD8 45 11 8 3 229 -1.24 0.30 

Q9UM22 
Mammalian ependymin-related 
protein 1 EPDR1 25.4 9 9 2 73 -0.87 0.43 

Q9UN36 Protein NDRG2 NDRG2 40.8 25 9 5 64 -0.79 0.42 

Q9Y235 C->U-editing enzyme 
APOBEC-2 

APOBEC2 25.7 8 4 2 33 -1.16 0.47 

Q9Y262 
Eukaryotic translation initiation 
factor 3 subunit L EIF3L 66.7 14 12 5 191 -0.74 0.15 

Q9Y333 
U6 snRNA-associated Sm-like 
protein LSm2 LSM2 10.8 62 38 5 812 -0.84 0.34 

Q9Y3D6 Mitochondrial fission 1 protein FIS1 16.9 15 11 2 214 -1.03 0.16 

Q9Y3P8 
Signaling threshold-regulating 
transmembrane adapter 1 SIT1 21.1 10 2 1 53 -1.60 0.39 

Q9Y4F9 
Rho family-interacting cell 
polarization regulator 2 

RIPOR2 118.4 1 2 1 33 -0.96 -0.31 

Q9Y4G6 Talin-2 TLN2 271.4 6 67 5 1194 -1.00 0.05 

Q9Y4J8 Dystrobrevin alpha DTNA 83.8 2 8 1 147 -0.71 0.16 

Q9Y5K8 V-type proton ATPase subunit 
D 

ATP6V1D 28.2 6 2 1 37 -0.74 -0.17 

Q9Y6H1 
Coiled-coil-helix-coiled-coil-
helix domain-containing protein 
2 

CHCHD2 15.5 34 27 3 452 -0.73 0.42 

 

 

Note: Proteins of interest highlighted as oxidative phosphorylation (yellow), proteasomal complex 
components (green) and striated muscle contraction pathway (purple).  
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Figure 4.11: Protein-protein interaction network (STRING) for downregulated 

proteins in non-smoker tumour and no change no change in smoker tumour with 

respect to their normal. 
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(NU) No change in non-smoking and upregulated in smoking (relative to 

respective normal) 

Detailed results of significantly altered proteins for NU are summarised in in Table 

4.9. Proteins expressing no change in non-smoker tumour but upregulated in 

smoker tumours 189 other intracellular proteins from a total of 200. Functional 

enrichment form STRING analysis identified arginine and proline metabolism 

(ARG1, OAT, ALDH1B1, ALDH18A1 and PYCR2 (FDR = 0.0148)), the  DNA 

unwinding pathway carried out by the MCM complex (MCM2, MCM3, MCM4 and 

MCM6 (FDR = 0.0043)) (red shape). 33 proteins linked to developmental biology 

including a cluster of keratins isoforms (KRT7, KRT8, KRT18 and KRT19 (FDR 

= 0.0159)) (blue shape). 39 proteins involved in cellular biosynthesis (FDR = 

2.05e-08) and protein transport (FDR = 6.28-06) as important process within this 

cluster (Figure 4.12). Additionally, tissue expression was also reviewed in 

STRING identified proteins expressed in saliva (GOLM1, IGJ, PIGR, CEACAMS, 

DMBT1, BPIFB2, MUC5B and LCN1). 
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Table 4.9: List of proteins no change in non-smoker tumour but upregulated in 

smoker tumour. 

Accession  Protein Name  Gene 
MW 

[kDa]  
SC 
[%]  PSMs 

Unique 
Peptides  

Score 
Mascot  

115 
114 

117 
116 

A0A024RBG1  Diphosphoinositol polyphosphate 
phosphohydrolase NUDT4B 

NUDT4B 20.4 21 12 2 165 -0.52 0.48 

A6NDG6 Glycerol-3-phosphate phosphatase PGP 34 9 6 2 58 -0.58 0.67 

A6NI72 
Putative neutrophil cytosol factor 
1B NCF1B 44.8 20 25 6 346 0.23 0.76 

G2XKQ0 Small ubiquitin-related modifier 5 SUMO1P1 11.5 12 6 1 104 0.34 0.48 

O15061 Synemin SYNM 172.7 7 38 7 678 -0.36 0.51 

O43172 U4/U6 small nuclear 
ribonucleoprotein Prp4 

PRPF4 58.4 3 4 1 74 0.29 0.48 

O43660 Pleiotropic regulator 1 PLRG1 57.2 5 3 1 144 -0.11 1.02 

O43684 Mitotic checkpoint protein BUB3 BUB3 37.1 16 14 4 215 -0.30 0.49 

O60231 
Pre-mRNA-splicing factor ATP-
dependent RNA helicase DHX16 DHX16 119.2 2 9 1 132 -0.17 0.50 

O60662 Kelch-like protein 41 KLHL41 68 15 39 7 471 -0.66 1.34 

O75128 Protein cordon-bleu COBL 135.5 2 10 2 179 -0.28 1.21 

O75396 Vesicle-trafficking protein SEC22b SEC22B 24.6 29 45 5 982 -0.17 0.81 

O75533 Splicing factor 3B subunit 1 SF3B1 145.7 6 12 5 185 0.16 0.56 

O75695 Protein XRP2 RP2 39.6 2 3 1 76 -0.12 0.56 

O75792 Ribonuclease H2 subunit A RNASEH2A 33.4 3 5 1 55 -0.43 0.54 

O94776 Metastasis-associated protein 
MTA2 

MTA2 75 6 14 3 124 -0.49 0.59 

O94855 Protein transport protein Sec24D SEC24D 112.9 4 13 2 38 0.09 0.75 

O95219 Sorting nexin-4 SNX4 51.9 3 4 1 91 0.03 0.56 

O95340 
Bifunctional 3'-phosphoadenosine 
5'-phosphosulfate synthase 2 PAPSS2 69.5 7 9 2 171 -0.49 0.54 

O95372 Acyl-protein thioesterase 2 LYPLA2 24.7 8 7 1 118 0.15 0.63 

O95479 GDH/6PGL endoplasmic 
bifunctional protein 

H6PD 88.8 14 49 10 1327 -0.37 0.52 

O95994 
Anterior gradient protein 2 
homolog AGR2 20 26 85 3 1290 0.25 2.28 

P01591 Immunoglobulin J chain JCHAIN 18.1 33 94 5 1392 -0.07 0.48 

P01833 Polymeric immunoglobulin receptor PIGR 83.2 9 16 5 264 -0.08 0.75 

P04179 Superoxide dismutase [Mn], 
mitochondrial 

SOD2 24.7 41 85 8 1542 -0.36 0.88 

P04181 
Ornithine aminotransferase, 
mitochondrial OAT 48.5 20 31 7 783 -0.42 0.65 

P04844 
Dolichyl-
diphosphooligosaccharide--protein 
glycosyltransferase subunit 2 

RPN2 69.2 3 2 1 35 -0.19 0.64 

P05026 Sodium/potassium-transporting 
ATPase subunit beta-1 

ATP1B1 35 8 4 2 60 -0.34 0.80 

P05089 Arginase-1 ARG1 34.7 9 11 2 90 -0.32 1.07 

P05362 Intercellular adhesion molecule 1 ICAM1 57.8 18 35 7 358 -0.24 0.63 

P05388 60S acidic ribosomal protein P0 RPLP0 34.3 34 78 8 1544 -0.58 0.47 

P05783 Keratin, type I cytoskeletal 18 KRT18 48 13 41 4 925 -0.15 0.94 

P05787 Keratin, type II cytoskeletal 8 KRT8 53.7 30 81 10 756 -0.04 1.91 

P06756 Integrin alpha-V ITGAV 116 3 6 2 46 0.18 1.21 

P07686 Beta-hexosaminidase subunit beta HEXB 63.1 24 73 13 918 0.26 0.49 

P08637 
Low affinity immunoglobulin 
gamma Fc region receptor III-A FCGR3A 29.1 9 3 2 22 0.47 0.85 

P08727 Keratin, type I cytoskeletal 19 KRT19 44.1 35 114 8 2248 -0.06 0.85 

P08729 Keratin, type II cytoskeletal 7 KRT7 51.4 36 98 13 1160 0.03 0.60 

P08754 
Guanine nucleotide-binding protein 
G(k) subunit alpha GNAI3 40.5 11 24 1 223 -0.53 0.50 

P09467 Fructose-1,6-bisphosphatase 1 FBP1 36.8 26 49 5 754 0.18 0.63 

P0CG29 Glutathione S-transferase theta-2 GSTT2 27.5 7 3 1 31 -0.24 0.83 
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P10153 Non-secretory ribonuclease RNASE2 18.3 22 52 4 770 0.37 1.21 

P11177 
Pyruvate dehydrogenase E1 
component subunit beta, 
mitochondrial 

PDHB 39.2 36 70 10 1085 -0.66 0.86 

P11908 
Ribose-phosphate 
pyrophosphokinase 2 PRPS2 34.7 45 62 5 761 -0.53 0.48 

P13611 Versican core protein VCAN 372.6 5 95 14 1227 0.01 0.66 

P13667 Protein disulfide-isomerase A4 PDIA4 72.9 38 299 25 5897 0.66 0.76 

P15880 40S ribosomal protein S2 RPS2 31.3 22 42 6 591 0.17 0.55 

P16278 Beta-galactosidase GLB1 76 12 35 6 704 0.05 0.70 

P17661 Desmin DES 53.5 52 240 22 5343 0.03 0.75 

P18124 60S ribosomal protein L7 RPL7 29.2 26 42 7 685 -0.09 0.60 

P18621 60S ribosomal protein L17 RPL17 21.4 27 25 4 277 0.05 0.57 

P22894 Neutrophil collagenase MMP8 53.4 8 19 3 239 0.32 0.62 

P23229 Integrin alpha-6 ITGA6 126.5 2 8 2 128 0.56 0.48 

P23368 
NAD-dependent malic enzyme, 
mitochondrial ME2 65.4 12 26 5 567 -0.34 0.57 

P25205 
DNA replication licensing factor 
MCM3 MCM3 90.9 7 16 4 298 -0.25 1.00 

P27105 Erythrocyte band 7 integral 
membrane protein 

STOM 31.7 23 28 5 472 -0.33 0.56 

P28072 Proteasome subunit beta type-6 PSMB6 25.3 22 24 4 542 -0.15 0.51 

P29966 
Myristoylated alanine-rich C-kinase 
substrate MARCKS 31.5 34 41 5 920 -0.34 1.04 

P30837 
Aldehyde dehydrogenase X, 
mitochondrial 

ALDH1B1 57.2 33 49 11 650 -0.41 0.68 

P31025 Lipocalin-1 LCN1 19.2 55 93 6 1493 0.16 2.53 

P31350 
Ribonucleoside-diphosphate 
reductase subunit M2 RRM2 44.8 13 9 3 106 -0.46 0.74 

P31997 
Carcinoembryonic antigen-related 
cell adhesion molecule 8 CEACAM8 38.1 8 6 1 101 -0.08 0.80 

P33991 DNA replication licensing factor 
MCM4 

MCM4 96.5 10 24 6 500 0.18 0.84 

P35080 Profilin-2 PFN2 15 26 24 3 334 0.27 1.01 

P35244 
Replication protein A 14 kDa 
subunit RPA3 13.6 61 22 5 417 -0.42 0.51 

P35613 Basigin BSG 42.2 11 6 3 59 0.22 0.50 

P39023 60S ribosomal protein L3 RPL3 46.1 5 7 2 56 -0.08 0.59 

P39748 Flap endonuclease 1 FEN1 42.6 15 32 4 804 -0.68 0.76 

P40261 Nicotinamide N-methyltransferase NNMT 29.6 22 20 4 221 -0.13 1.22 

P45877 
Peptidyl-prolyl cis-trans isomerase 
C PPIC 22.7 10 15 2 170 0.47 0.51 

P47895 
Aldehyde dehydrogenase family 1 
member A3 

ALDH1A3 56.1 14 25 4 416 0.01 1.09 

P48444 Coatomer subunit delta ARCN1 57.2 19 84 11 1021 0.49 0.53 

P48556 26S proteasome non-ATPase 
regulatory subunit 8 

PSMD8 39.6 2 4 1 58 -0.52 0.51 

P48681 Nestin NES 177.3 19 113 21 1956 -0.02 0.48 

P48723 Heat shock 70 kDa protein 13 HSPA13 51.9 2 3 1 56 0.42 0.97 

P49441 Inositol polyphosphate 1-
phosphatase 

INPP1 44 13 16 4 187 -0.32 0.60 

P49588 Alanine--tRNA ligase, cytoplasmic AARS 106.7 24 89 17 2109 -0.13 0.66 

P49736 
DNA replication licensing factor 
MCM2 MCM2 101.8 14 46 10 780 -0.27 0.58 

P49841 Glycogen synthase kinase-3 beta GSK3B 46.7 8 6 1 51 -0.59 0.50 

P50461 Cysteine and glycine-rich protein 3 CSRP3 21 44 63 6 1000 -0.36 1.04 

P52564 Dual specificity mitogen-activated 
protein kinase 6 

MAP2K6 37.5 4 4 1 50 -0.47 0.60 

P52594 
Arf-GAP domain and FG repeat-
containing protein 1 AGFG1 58.2 9 5 3 35 0.58 0.78 

P52790 Hexokinase-3 HK3 99 7 18 5 461 0.20 0.50 

P53396 ATP-citrate synthase ACLY 120.8 22 97 17 1556 -0.03 0.49 

P54886 Delta-1-pyrroline-5-carboxylate 
synthase 

ALDH18A1 87.2 3 3 2 25 0.64 0.94 

P55011 Solute carrier family 12-member 2 SLC12A2 131.4 7 34 4 294 0.36 1.18 
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P55735 Protein SEC13 homolog SEC13 35.5 19 27 4 612 0.23 0.62 

P61011 Signal recognition particle 54 kDa 
protein 

SRP54 55.7 5 5 2 29 0.29 0.61 

P61019 Ras-related protein Rab-2A RAB2A 23.5 19 36 1 1005 -0.18 0.86 

P61163 Alpha-centractin ACTR1A 42.6 22 40 3 883 -0.67 0.57 

P61353 60S ribosomal protein L27 RPL27 15.8 13 8 2 151 0.02 0.56 

P61457 Pterin-4-alpha-carbinolamine 
dehydratase 

PCBD1 12 13 2 1 26 0.08 1.26 

P62241 40S ribosomal protein S8 RPS8 24.2 52 76 9 1202 -0.11 0.47 

P62244 40S ribosomal protein S15a RPS15A 14.8 31 14 4 107 -0.25 0.73 

P62266 40S ribosomal protein S23 RPS23 15.8 8 15 1 80 -0.28 0.59 

P62273 40S ribosomal protein S29 RPS29 6.7 14 5 1 55 0.35 0.58 

P62277 40S ribosomal protein S13 RPS13 17.2 33 25 4 428 -0.13 0.66 

P62701 40S ribosomal protein S4, X 
isoform 

RPS4X 29.6 28 65 7 1608 -0.06 0.54 

P62820 Ras-related protein Rab-1A RAB1A 22.7 41 76 2 1084 0.09 0.47 

P62841 40S ribosomal protein S15 RPS15 17 8 7 1 37 0.23 0.49 

P62847 40S ribosomal protein S24 RPS24 15.4 11 19 1 366 -0.35 0.53 

P62873 Guanine nucleotide-binding protein 
G(I)/G(S)/G(T) subunit beta-1 

GNB1 37.4 9 14 3 106 -0.35 0.54 

P62906 60S ribosomal protein L10a RPL10A 24.8 24 27 5 379 0.46 0.66 

P62910 60S ribosomal protein L32 RPL32 15.9 7 8 1 23 -0.33 0.80 

Q01995 Transgelin TAGLN 22.6 70 238 14 2701 0.27 0.72 

Q02878 60S ribosomal protein L6 RPL6 32.7 18 16 4 117 0.11 0.63 

Q04446 1,4-alpha-glucan-branching 
enzyme 

GBE1 80.4 13 35 6 794 -0.17 0.68 

Q05315 Galectin-10 CLC 16.4 5 5 1 62 -0.13 2.37 

Q06210 
Glutamine--fructose-6-phosphate 
aminotransferase [isomerizing] 1 GFPT1 78.8 22 53 11 1100 -0.16 1.23 

Q07020 60S ribosomal protein L18 RPL18 21.6 14 38 2 1113 -0.44 0.65 

Q07666 
KH domain-containing, RNA-
binding, signal transduction-
associated protein 1 

KHDRBS1 48.2 17 22 3 591 0.05 0.54 

Q08211 ATP-dependent RNA helicase A DHX9 140.9 14 64 13 1370 0.61 0.64 

Q08379 Golgin subfamily A member 2 GOLGA2 113 2 4 2 57 -0.29 0.63 

Q08752 
Peptidyl-prolyl cis-trans isomerase 
D PPID 40.7 6 6 2 55 -0.15 0.50 

Q13162 Peroxiredoxin-4 PRDX4 30.5 48 200 8 2938 -0.13 0.91 

Q13586 Stromal interaction molecule 1 STIM1 77.4 6 4 2 32 0.16 0.51 

Q13636 Ras-related protein Rab-31 RAB31 21.6 13 5 2 154 -0.20 0.76 

Q13643 
Four and a half LIM domains 
protein 3 FHL3 31.2 7 9 1 223 -0.39 0.49 

Q13740 CD166 antigen ALCAM 65.1 8 13 3 134 0.67 0.50 

Q13938 Calcyphosin CAPS 30.2 5 4 1 115 -0.04 0.78 

Q14315 Filamin-C FLNC 290.8 26 367 44 8417 -0.54 1.13 

Q14318 Peptidyl-prolyl cis-trans isomerase 
FKBP8 

FKBP8 44.5 4 3 1 21 -0.38 0.51 

Q14566 
DNA replication licensing factor 
MCM6 MCM6 92.8 15 44 9 641 0.05 0.71 

Q14738 
Serine/threonine-protein 
phosphatase 2A 56 kDa regulatory 
subunit delta isoform 

PPP2R5D 69.9 2 6 1 41 0.48 0.64 

Q14956 Transmembrane glycoprotein NMB GPNMB 63.9 5 16 2 115 -0.62 0.82 

Q14997 
Proteasome activator complex 
subunit 4 PSME4 211.2 2 6 2 60 -0.52 1.16 

Q15382 GTP-binding protein Rheb RHEB 20.5 9 5 1 52 -0.40 0.50 

Q16082 Heat shock protein beta-2 HSPB2 20.2 54 40 6 708 -0.41 0.50 

Q16222 UDP-N-acetylhexosamine 
pyrophosphorylase 

UAP1 58.7 11 18 4 458 -0.10 0.63 

Q16585 Beta-sarcoglycan SGCB 34.8 12 3 2 31 0.49 0.86 

Q16822 
Phosphoenolpyruvate 
carboxykinase [GTP], 
mitochondrial 

PCK2 70.7 20 50 11 726 -0.20 0.56 
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Q2KHT3 Protein CLEC16A CLEC16A 117.6 4 4 2 52 0.65 0.54 

Q3SY69 
Mitochondrial 10-
formyltetrahydrofolate 
dehydrogenase 

ALDH1L2 101.7 12 32 8 333 0.10 0.85 

Q4G0J3 La-related protein 7 LARP7 66.9 2 6 1 86 0.19 0.62 

Q4ZHG4 
Fibronectin type III domain-
containing protein 1 FNDC1 205.4 1 5 1 79 0.51 0.94 

Q53FA7 Quinone oxidoreductase PIG3 TP53I3 35.5 20 28 6 354 -0.03 0.60 

Q5U5X0 Complex III assembly factor 
LYRM7 

LYRM7 11.9 10 2 1 29 -0.43 0.50 

Q5VT52 
Regulation of nuclear pre-mRNA 
domain-containing protein 2 RPRD2 155.9 2 4 2 33 0.01 0.82 

Q6P4A8 Phospholipase B-like 1 PLBD1 63.2 12 37 6 557 -0.13 0.73 

Q6P996 
Pyridoxal-dependent 
decarboxylase domain-containing 
protein 1 

PDXDC1 86.7 12 25 7 166 0.17 0.59 

Q6ZMU5 
Tripartite motif-containing protein 
72 TRIM72 52.7 30 45 10 601 -0.65 1.10 

Q7Z4V5 
Hepatoma-derived growth factor-
related protein 2 HDGFL2 74.3 2 4 1 134 -0.60 0.56 

Q86VP6 Cullin-associated NEDD8-
dissociated protein 1 

CAND1 136.3 12 57 11 711 -0.60 0.50 

Q8IWX8 
Calcium homeostasis endoplasmic 
reticulum protein CHERP 103.6 1 2 1 27 -0.17 0.54 

Q8IXS6 Paralemmin-2 PALM2 42.2 4 4 1 22 0.47 0.90 

Q8N4F0 BPI fold-containing family B 
member 2 

BPIFB2 49.1 12 17 4 261 -0.43 1.61 

Q8N6M0 Deubiquitinase OTUD6B OTUD6B 33.8 4 3 1 78 -0.04 0.62 

Q8NBJ4 Golgi membrane protein 1 GOLM1 45.3 7 3 2 35 0.29 1.85 

Q8NCC3 Group XV phospholipase A2 PLA2G15 46.6 5 3 2 64 -0.16 0.58 

Q8NHP8 Putative phospholipase B-like 2 PLBD2 65.4 3 4 2 26 0.33 0.51 

Q8TD06 Anterior gradient protein 3 AGR3 19.2 16 39 1 292 0.04 0.88 

Q8TDL5 BPI fold-containing family B 
member 1 

BPIFB1 52.4 15 17 5 188 -0.15 1.76 

Q8TEQ6 Gem-associated protein 5 GEMIN5 168.5 1 2 1 23 -0.21 0.50 

Q8WTS6 
Histone-lysine N-methyltransferase 
SETD7 SETD7 40.7 14 17 4 135 -0.10 0.65 

Q8WUH6 Transmembrane protein 263 TMEM263 11.7 35 18 3 180 0.54 0.81 

Q8WZA9 Immunity-related GTPase family Q 
protein 

IRGQ 62.7 13 20 4 198 0.16 0.54 

Q92520 Protein FAM3C FAM3C 24.7 6 6 1 30 0.67 0.56 

Q92575 UBX domain-containing protein 4 UBXN4 56.7 14 12 3 69 -0.21 0.65 

Q92769 Histone deacetylase 2 HDAC2 55.3 2 10 1 119 -0.28 0.73 

Q92974 
Rho guanine nucleotide exchange 
factor 2 

ARHGEF2 111.5 4 4 2 54 0.38 0.52 

Q93062 RNA-binding protein with multiple 
splicing 

RBPMS 21.8 7 3 1 28 0.38 0.58 

Q96AC1 Fermitin family homolog 2 FERMT2 77.8 4 16 2 196 -0.63 0.50 

Q96AY3 
Peptidyl-prolyl cis-trans isomerase 
FKBP10 FKBP10 64.2 16 65 8 1393 0.67 1.23 

Q96C36 Pyrroline-5-carboxylate reductase 
2 

PYCR2 33.6 4 2 1 35 0.32 0.83 

Q96GK7 Fumarylacetoacetate hydrolase 
domain-containing protein 2A 

FAHD2A 34.6 8 13 2 392 -0.44 0.52 

Q96L96 Alpha-protein kinase 3 ALPK3 201.1 2 5 2 128 -0.53 0.95 

Q96P63 Serpin B12 SERPINB12 46.2 6 10 2 61 -0.59 1.05 

Q96P70 Importin-9 IPO9 115.9 1 6 1 25 0.34 0.90 

Q96RP9 Elongation factor G, mitochondrial GFM1 83.4 7 14 4 64 0.45 0.50 

Q96S44 EKC/KEOPS complex subunit 
TP53RK 

TP53RK 28.1 12 12 2 456 -0.11 0.69 

Q96T76 
MMS19 nucleotide excision repair 
protein homolog MMS19 113.2 1 2 1 30 -0.31 0.55 

Q96TA2 ATP-dependent zinc 
metalloprotease YME1L1 

YME1L1 86.4 1 3 1 38 0.60 0.95 

Q99576 TSC22 domain family protein 3 TSC22D3 14.8 19 3 1 50 0.31 0.56 

Q9BQA1 Methylosome protein 50 WDR77 36.7 4 4 1 63 -0.50 0.47 

Q9BS40 Latexin LXN 25.7 12 13 2 310 -0.04 0.52 
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Q9BYG3 MKI67 FHA domain-interacting 
nucleolar phosphoprotein 

NIFK 34.2 6 4 1 21 0.33 1.06 

Q9BZF1 
Oxysterol-binding protein-related 
protein 8 OSBPL8 101.1 1 2 1 44 0.26 0.58 

Q9H0P0 Cytosolic 5'-nucleotidase 3A NT5C3A 37.9 16 17 4 396 -0.66 0.69 

Q9H1B7 
Interferon regulatory factor 2-
binding protein-like 

IRF2BPL 82.6 5 7 2 118 0.18 0.53 

Q9H7C4 Syncoilin SYNC 55.3 5 4 2 106 -0.22 0.60 

Q9HAV7 
GrpE protein homolog 1, 
mitochondrial GRL1 24.3 16 8 2 78 0.17 0.69 

Q9HC84 Mucin-5B MUC5B 596 12 418 43 8326 -0.18 1.64 

Q9NQ88 
Fructose-2,6-bisphosphatase 
TIGAR 

TIGAR 30 18 14 3 575 0.22 0.52 

Q9NR45 Sialic acid synthase NANS 40.3 31 65 8 1233 0.16 0.94 

Q9NRX4 14 kDa phosphohistidine 
phosphatase 

PHPT1 13.8 43 17 4 346 -0.02 0.60 

Q9NYK5 
39S ribosomal protein L39, 
mitochondrial MRPL39 38.7 4 2 1 38 0.17 0.63 

Q9NZT1 Calmodulin-like protein 5 CALML5 15.9 60 96 7 1945 0.37 1.01 

Q9NZU5 LIM and cysteine-rich domains 
protein 1 

LMCD1 40.8 15 17 4 274 -0.37 0.58 

Q9P015 
39S ribosomal protein L15, 
mitochondrial MRPL15 33.4 7 3 2 42 -0.43 0.68 

Q9P299 Coatomer subunit zeta-2 COPZ2 23.5 9 2 1 42 0.12 0.70 

Q9P2R7 
Succinate--CoA ligase [ADP-
forming] subunit beta, 
mitochondrial 

SUCLA2 50.3 16 45 7 955 -0.68 0.59 

Q9UBF9 Myotilin MYOT 55.4 19 71 7 868 -0.68 0.68 

Q9UBI6 
Guanine nucleotide-binding protein 
G(I)/G(S)/G(O) subunit gamma-12 GNG12 8 42 12 2 118 -0.28 0.51 

Q9UDY4 
DnaJ homolog subfamily B 
member 4 

DNAJB4 37.8 23 39 4 878 0.44 0.94 

Q9UGM3 Deleted in malignant brain tumors 
1 protein 

DMBT1 260.6 25 57 7 1649 -0.16 1.95 

Q9UHL4 Dipeptidyl peptidase 2 DPP7 54.3 8 21 4 360 -0.54 0.51 

Q9Y223 
Bifunctional UDP-N-
acetylglucosamine 2-epimerase/N-
acetylmannosamine kinase 

GNE 79.2 2 2 1 42 -0.22 0.77 

Q9Y3B4 Splicing factor 3B subunit 6 SF3B6 14.6 21 5 2 52 -0.27 1.24 

Q9Y3U8 60S ribosomal protein L36 RPL36 12.2 10 15 1 260 -0.56 0.90 

Q9Y3X0 
Coiled-coil domain-containing 
protein 9 CCDC9 59.7 4 23 1 589 -0.38 0.57 

Q9Y5P6 
Mannose-1-phosphate 
guanyltransferase beta GMPPB 39.8 22 43 6 825 -0.56 0.47 

Q9Y696 Chloride intracellular channel 
protein 4 

CLIC4 28.8 27 27 5 291 0.68 0.54 

Q9Y6C2 EMILIN-1 EMILIN1 106.6 11 32 8 631 -0.36 0.54 

 

  

Note: Proteins of interest highlighted as arginine and proline metabolism (yellow), DNA unwinding pathway 
(green) and developmental biology (purple).   
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Figure 4.12: Protein-protein interaction network (STRING) for no change 

proteins in non-smoker tumour and upregulated in smoker tumour with 

respect to their normal. 
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(ND) No change in non-smoking and downregulated smoking (relative to 

respective normal) 

Detailed results of significantly altered proteins for ND are summarised in in Table 

4.10. Proteins expressing no change in non-smoker but downregulated in smoker 

tumours identified 199 intracellular proteins within the cluster of 236. A group of 

proteins involved in cellular response to external stimuli were enriched including 

H1FO, KRT2, IMPDH1, HMGB1, HBB, LIMB1 and KRT7 (FDR = 0.00061). 

Furthermore, the mitotic anaphase pathway was also highlighted (LEMD3, 

TUBB2A, TUBA1A, TUBA4A, CHMP3, CHMP2A and CHMP4B (FDR = 0.0420)) 

and 36 proteins associated with immune response (FDR = 0.0172) when 

conducting enrichment analysis (Figure 4.13). 
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Table 4.10: List of proteins no change in non-smoker tumour but downregulated 

in smoker tumour. 

Accession  Protein Name  Gene 
MW 

[kDa]  
SC 
[%]  PSMs 

Unique 
Peptides  

Score 
Mascot  

115 
114 

117 
116 

A0A075B6S2  Immunoglobulin kappa 
variable 2D-29 

IGKV2D-29 13.1 17 26 1 1029 0.35 -0.72 

A0A075B6S5  Immunoglobulin kappa 
variable 1-27 

IGKV1-27 12.7 14 9 1 251 0.06 -0.92 

A0A0C4DH38 
Immunoglobulin heavy 
variable 5-51 IGHV5-51 12.7 38 25 3 150 -0.59 -0.59 

A0A0C4DH43 Immunoglobulin heavy 
variable 2-70D 

IGHV2-70D 13.3 18 9 2 40 -0.53 -0.55 

A0A0C4DH72 Immunoglobulin kappa 
variable 1-6 

IGKV1-6 12.7 14 23 1 340 0.18 -0.63 

A1L4H1 
Soluble scavenger receptor 
cysteine-rich domain-
containing protein SSC5D 

SSC5D 165.6 3 7 2 158 0.08 -0.57 

B3EWG3 Protein FAM25A FAM25A 9.3 16 9 1 132 -0.34 -1.52 

O00193 Small acidic protein SMAP 20.3 25 20 3 738 0.19 -0.64 

O00204 
Sulfotransferase family 
cytosolic 2B member 1 SULT2B1 41.3 3 2 1 27 0.00 -1.76 

O00267 
Transcription elongation factor 
SPT5 SUPT5H 120.9 7 18 5 308 0.52 -0.49 

O14618 Copper chaperone for 
superoxide dismutase 

CCS 29 18 29 4 908 0.28 -0.47 

O14639 Actin-binding LIM protein 1 ABLIM1 87.6 6 14 4 113 0.22 -0.61 

O14745 
Na(+)/H(+) exchange 
regulatory cofactor NHE-RF1 SLC9A3R1 38.8 24 128 6 2871 -0.03 -0.91 

O14908 
PDZ domain-containing 
protein GIPC1 GIPC1 36 13 17 4 139 -0.27 -0.55 

O14933 Ubiquitin/ISG15-conjugating 
enzyme E2 L6 

UBE2L6 17.8 22 5 2 100 0.39 -0.65 

O15231 Zinc finger protein 185 ZNF185 73.5 42 96 16 1642 0.52 -1.34 

O43240 Kallikrein-10 KLK10 30.2 5 4 1 71 0.68 -1.11 

O43633 
Charged multivesicular body 
protein 2a CHMP2A 25.1 9 22 2 1107 -0.20 -0.70 

O43739 Cytohesin-3 CYTH3 46.3 6 11 1 212 0.55 -0.96 

O60218 Aldo-keto reductase family 1 
member B10 

AKR1B10 36 44 47 10 691 -0.25 -1.27 

O60259 Kallikrein-8 KLK8 28 5 2 1 29 0.61 -1.16 

O60269 
G protein-regulated inducer of 
neurite outgrowth 2 GPRIN2 47.4 5 2 1 20 0.13 -1.03 

O60869 Endothelial differentiation-
related factor 1 

EDF1 16.4 10 10 1 180 0.49 -0.54 

O75152 
Zinc finger CCCH domain-
containing protein 11A ZC3H11A 89.1 3 5 2 26 -0.01 -0.73 

O75208 
Ubiquinone biosynthesis 
protein COQ9, mitochondrial COQ9 35.5 7 11 1 508 0.29 -0.61 

O75351 Vacuolar protein sorting-
associated protein 4B 

VPS4B 49.3 22 41 7 485 0.51 -0.49 

O75410 
Transforming acidic coiled-
coil-containing protein 1 TACC1 87.7 11 23 4 383 0.30 -0.61 

O75828 
Carbonyl reductase [NADPH] 
3 CBR3 30.8 42 91 6 2877 -0.45 -0.53 

O75940 Survival of motor neuron-
related-splicing factor 30 

SMNDC1 26.7 4 5 1 53 -0.13 -0.53 

O94811 Tubulin polymerization-
promoting protein 

TPPP 23.7 15 6 2 68 -0.08 -0.70 

O94885 
SAM and SH3 domain-
containing protein 1 SASH1 136.6 3 6 2 63 -0.14 -0.74 

O95274 Ly6/PLAUR domain-containing 
protein 3 

LYPD3 35.9 11 13 2 350 -0.13 -1.06 

O95361 Tripartite motif-containing 
protein 16 

TRIM16 63.9 6 7 2 195 0.60 -0.61 

O95819 
Mitogen-activated protein 
kinase 4 MAP4K4 142 1 3 1 22 0.35 -0.76 

O95833 Chloride intracellular channel 
protein 3 

CLIC3 26.6 34 32 6 488 0.10 -1.62 

P00450 Ceruloplasmin CP 122.1 32 280 24 6573 -0.45 -0.74 

P00738 Haptoglobin HP 45.2 56 847 12 14995 0.08 -0.63 

P00747 Plasminogen PLG 90.5 31 125 18 1957 -0.46 -0.52 

P00915 Carbonic anhydrase 1 CA1 28.9 60 332 12 5434 -0.20 -1.45 

P00918 Carbonic anhydrase 2 CA2 29.2 43 108 9 1840 -0.35 -1.20 
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P01008 Antithrombin-III SERPINC1 52.6 22 159 8 1566 -0.15 -1.01 

P01042 Kininogen-1 KNG1 71.9 23 193 17 3200 -0.29 -0.49 

P01116 GTPase KRas KRAS 21.6 20 13 1 185 0.46 -0.48 

P01824 
Immunoglobulin heavy 
variable 4-39 IGHV4-39 13.9 20 36 2 1181 -0.48 -0.52 

P01860 
Immunoglobulin heavy 
constant gamma 3 

IGHG3 41.3 54 861 7 10020 0.07 -0.47 

P01871 Immunoglobulin heavy 
constant mu 

IGHM 49.4 32 228 14 3039 -0.12 -0.53 

P02042 Hemoglobin subunit delta HBD 16 95 1753 8 38437 -0.07 -1.39 

P02549 
Spectrin alpha chain, 
erythrocytic 1 SPTA1 279.8 8 43 12 761 0.13 -0.80 

P02671 Fibrinogen alpha chain FGA 94.9 34 338 28 4576 0.19 -1.09 

P02675 Fibrinogen beta chain FGB 55.9 61 375 30 7260 -0.07 -1.08 

P02679 Fibrinogen gamma chain FGG 51.5 42 266 17 3855 -0.30 -1.24 

P02689 Myelin P2 protein PMP2 14.9 30 44 3 950 -0.24 -0.63 

P02743 Serum amyloid P-component APCS 25.4 26 96 8 1611 -0.54 -0.64 

P02753 Retinol-binding protein 4 RBP4 23 31 31 5 554 -0.04 -0.53 

P02763 Alpha-1-acid glycoprotein 1 ORM1 23.5 38 125 6 2196 -0.17 -0.80 

P02765 Alpha-2-HS-glycoprotein AHSG 39.3 19 98 6 1955 -0.52 -0.57 

P02766 Transthyretin TTR 15.9 65 69 8 1049 0.32 -0.69 

P02768 Serum albumin ALB 69.3 88 6083 84 101860 -0.39 -0.82 

P02774 Vitamin D-binding protein GC 52.9 44 236 20 5604 -0.30 -0.53 

P02787 Serotransferrin TF 77 63 1482 54 23818 -0.46 -0.71 

P04040 Catalase CAT 59.7 53 256 27 5326 -0.09 -0.81 

P04080 Cystatin-B CSTB 11.1 52 175 4 4016 -0.24 -2.19 

P04083 Annexin A1 ANXA1 38.7 73 851 29 18949 -0.09 -1.37 

P04217 Alpha-1B-glycoprotein A1BG 54.2 33 150 11 3424 -0.44 -0.76 

P04264 Keratin, type II cytoskeletal 1 KRT1 66 42 131 19 3438 0.31 -0.66 

P05156 Complement factor I CFI 65.7 19 75 8 1584 -0.07 -0.52 

P05387 60S acidic ribosomal protein 
P2 

RPLP2 11.7 89 100 6 2340 -0.02 -0.62 

P06127 T-cell surface glycoprotein 
CD5 

CD5 54.5 5 2 2 51 -0.14 -0.92 

P06310 
Immunoglobulin kappa 
variable 2-30 IGKV2-30 13.2 17 34 1 1157 0.34 -0.67 

P06753 Tropomyosin alpha-3 chain TPM3 32.9 60 247 11 4405 -0.01 -0.50 

P06899 Histone H2B type 1-J HIST1H2BJ 13.9 40 65 1 470 0.63 -0.65 

P07305 Histone H1.0 H1F0 20.9 7 9 1 67 0.64 -0.98 

P07476 Involucrin IVL 68.4 54 234 24 3907 0.40 -2.04 

P07738 Bisphosphoglycerate mutase BPGM 30 23 33 6 444 0.65 -0.66 

P07919 
Cytochrome b-c1 complex 
subunit 6, mitochondrial UQCRH 10.7 20 7 1 136 0.36 -0.70 

P07951 Tropomyosin beta chain TPM2 32.8 54 310 9 6044 -0.44 -0.83 

P08603 Complement factor H CFH 139 44 394 39 6028 0.22 -0.50 

P08865 40S ribosomal protein SA RPSA 32.8 35 122 9 3942 0.43 -0.52 

P09429 High mobility group protein B1 HMGB1 24.9 37 60 9 910 0.57 -0.63 

P09493 Tropomyosin alpha-1 chain TPM1 32.7 50 286 11 5933 0.28 -0.84 

P09497 Clathrin light chain B CLTB 25.2 4 9 1 245 0.45 -0.89 

P0CG39 POTE ankyrin domain family 
member J 

POTEJ 117.3 7 90 2 1803 0.10 -0.92 

P0DOX5 
Immunoglobulin gamma-1 
heavy chain 1 SV 49.3 49 1050 9 15219 -0.47 -0.62 

P0DOX7 
Immunoglobulin kappa light 
chain 1 SV 23.4 54 557 3 13471 -0.66 -0.48 

P0DOX8 Immunoglobulin lambda-1 light 
chain 

1 SV 22.8 42 283 2 3922 -0.33 -0.49 

P0DP23 Calmodulin-1 CALM1 16.8 54 106 6 2335 0.03 -0.47 

P10412 Histone H1.4 HIST1H1E 21.9 23 63 2 805 0.66 -0.78 
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P10599 Thioredoxin TXN 11.7 51 116 8 1357 -0.39 -1.33 

P10606 Cytochrome c oxidase subunit 
5B, mitochondrial 

COX5B 13.7 25 6 2 66 0.39 -0.54 

P11171 Protein 4.1 EPB41 97 3 16 2 446 0.55 -0.95 

P12111 Collagen alpha-3(VI) chain COL6A3 343.5 20 440 53 7533 -0.52 -0.84 

P12268 
Inosine-5'-monophosphate 
dehydrogenase 2 

IMPDH2 55.8 33 76 13 964 0.42 -0.56 

P12532 Creatine kinase U-type, 
mitochondrial 

CKMT1A 47 28 90 9 2190 0.58 -0.63 

P14854 
Cytochrome c oxidase subunit 
6B1 COX6B1 10.2 27 23 2 556 -0.12 -0.68 

P16152 
Carbonyl reductase [NADPH] 
1 

CBR1 30.4 68 238 12 5239 -0.11 -0.86 

P16157 Ankyrin-1 ANK1 206.1 9 49 11 1081 0.07 -0.75 

P16220 Cyclic AMP-responsive 
element-binding protein 1 

CREB1 36.7 13 28 3 671 0.19 -0.52 

P20591 
Interferon-induced GTP-
binding protein Mx1 MX1 75.5 22 65 10 1347 0.58 -1.37 

P20774 Mimecan OGN 33.9 17 20 5 213 -0.65 -0.79 

P20810 Calpastatin CAST 76.5 36 124 15 2767 -0.54 -0.81 

P21964 Catechol O-methyltransferase COMT 30 24 17 4 231 0.05 -0.62 

P22531 Small proline-rich protein 2E SPRR2E 7.9 79 105 1 469 0.42 -2.87 

P22532 Small proline-rich protein 2D SPRR2D 7.9 79 87 2 278 0.65 -2.56 

P22792 Carboxypeptidase N subunit 2 CPN2 60.5 7 16 2 367 -0.50 -0.48 

P23381 Tryptophan--tRNA ligase, 
cytoplasmic 

WARS 53.1 37 143 14 3186 0.51 -0.58 

P25685 DnaJ homolog subfamily B 
member 1 

DNAJB1 38 24 51 6 1317 0.14 -0.58 

P26583 High mobility group protein B2 HMGB2 24 26 33 3 625 0.45 -0.77 

P27482 Calmodulin-like protein 3 CALML3 16.9 62 198 8 4781 0.00 -1.12 

P30613 Pyruvate kinase PKLR PKLR 61.8 11 52 3 1028 -0.05 -0.81 

P30740 Leukocyte elastase inhibitor SERPINB1 42.7 39 102 16 1559 -0.65 -1.62 

P32119 Peroxiredoxin-2 PRDX2 21.9 44 300 15 5153 -0.33 -1.02 

P33241 Lymphocyte-specific protein 1 LSP1 37.2 30 27 6 692 -0.10 -0.50 

P35527 Keratin, type I cytoskeletal 9 KRT9 62 19 34 6 613 -0.41 -0.57 

P35908 
Keratin, type II cytoskeletal 2 
epidermal KRT2 65.4 16 59 3 1275 0.55 -1.61 

P37840 Alpha-synuclein SNCA 14.5 39 45 6 847 0.30 -1.45 

P41236 Protein phosphatase inhibitor 
2 

PPP1R2 23 15 18 3 303 0.16 -0.83 

P43652 Afamin AFM 69 23 87 14 1196 -0.50 -0.52 

P47914 60S ribosomal protein L29 RPL29 17.7 9 3 1 27 -0.19 -0.69 

P49207 60S ribosomal protein L34 RPL34 13.3 7 2 1 49 0.32 -0.59 

P49662 Caspase-4 CASP4 43.2 12 9 2 221 0.34 -0.53 

P51532 Transcription activator BRG1 SMARCA4 184.5 1 4 1 32 0.00 -0.52 

P51608 Methyl-CpG-binding protein 2 MECP2 52.4 14 18 4 146 -0.65 -0.60 

P54920 
Alpha-soluble NSF attachment 
protein NAPA 33.2 26 28 7 556 0.08 -0.57 

P58062 Serine protease inhibitor 
Kazal-type 7 

SPINK7 9.2 11 3 1 33 -0.31 -0.69 

P60903 Protein S100-A10 S100A10 11.2 45 33 4 217 0.10 -0.51 

P61769 Beta-2-microglobulin B2M 13.7 11 5 1 47 0.06 -0.64 

P62314 
Small nuclear 
ribonucleoprotein Sm D1 SNRPD1 13.3 11 4 1 91 -0.02 -0.59 

P62917 60S ribosomal protein L8 RPL8 28 6 7 1 92 0.00 -0.50 

P63096 Guanine nucleotide-binding 
protein G(i) subunit alpha-1 

GNAI1 40.3 11 24 1 207 -0.36 -0.47 

P67809 
Nuclease-sensitive element-
binding protein 1 YBX1 35.9 33 84 5 2997 0.58 -0.89 

P68366 Tubulin alpha-4A chain TUBA4A 49.9 46 258 6 4079 0.33 -0.57 

P68871 Hemoglobin subunit beta HBB 16 97 3436 9 83625 0.10 -1.05 

P69905 Hemoglobin subunit alpha HBA1 15.2 77 1502 11 28300 0.18 -0.99 
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P80297 Metallothionein-1X MT1X 6.1 66 57 3 995 0.51 -0.87 

P80748 Immunoglobulin lambda 
variable 3-21 

IGLV3-21 12.4 14 35 1 2026 -0.18 -0.52 

P82979 
SAP domain-containing 
ribonucleoprotein SARNP 23.7 40 50 8 822 0.21 -0.48 

P86790 
Vacuolar fusion protein CCZ1 
homolog B 

CCZ1B 55.8 6 5 2 39 0.16 -0.47 

P98095 Fibulin-2 FBLN2 126.5 12 63 9 1388 0.17 -0.50 

P98179 RNA-binding protein 3 RBM3 17.2 21 26 2 353 0.49 -0.51 

Q01581 
Hydroxymethylglutaryl-CoA 
synthase, cytoplasmic HMGCS1 57.3 14 26 5 320 0.03 -0.64 

Q07507 Dermatopontin DPT 24 5 3 1 40 -0.53 -0.68 

Q08495 Dematin DMTN 45.5 10 17 3 94 0.48 -1.40 

Q12959 Disks large homolog 1 DLG1 100.4 5 3 3 61 -0.23 -0.50 

Q13885 Tubulin beta-2A chain TUBB2A 49.9 62 374 4 5241 0.30 -0.87 

Q14134 
Tripartite motif-containing 
protein 29 TRIM29 65.8 9 16 5 190 0.30 -1.18 

Q14677 Clathrin interactor 1 CLINT1 68.2 7 7 3 91 -0.24 -0.69 

Q14914 Prostaglandin reductase 1 PTGR1 35.8 22 39 6 506 -0.05 -0.47 

Q15057 
Arf-GAP with coiled-coil, ANK 
repeat and PH domain-
containing protein 2 

ACAP2 88 1 7 1 88 -0.08 -1.04 

Q15661 Tryptase alpha/beta-1 TPSAB1 30.5 29 65 7 554 -0.06 -0.85 

Q16610 Extracellular matrix protein 1 ECM1 60.6 30 55 11 550 0.00 -0.83 

Q16651 Prostasin PRSS8 36.4 4 2 1 38 0.51 -0.66 

Q16829 Dual specificity protein 
phosphatase 7 

DUSP7 44.9 7 2 1 22 0.00 -0.63 

Q16890 Tumor protein D53 TPD52L1 22.4 7 3 1 158 0.53 -0.73 

Q3ZCW2 Galectin-related protein LGALSL 19 33 24 4 228 0.35 -0.61 

Q53EL6 
Programmed cell death protein 
4 PDCD4 51.7 12 29 6 222 -0.15 -0.66 

Q5T0Z8 Uncharacterized protein 
C6orf132 

C6orf132 124 2 7 2 108 0.61 -0.65 

Q5TDH0 Protein DDI1 homolog 2 DDI2 44.5 22 52 6 700 0.27 -0.49 

Q5TEJ8 Protein THEMIS2 THEMIS2 72 3 5 1 174 0.49 -0.93 

Q6E0U4 Dermokine DMKN 47.1 4 3 1 63 0.34 -1.24 

Q6NXG1 
Epithelial splicing regulatory 
protein 1 

ESRP1 75.5 8 11 4 47 -0.06 -0.51 

Q6NZI2 Caveolae-associated protein 1 CAVIN1 43.5 28 154 13 4300 -0.16 -0.57 

Q6UWP8 Suprabasin SBSN 60.5 31 76 8 2112 -0.18 -1.93 

Q6Y7W6 
GRB10-interacting GYF 
protein 2 GIGYF2 150 8 16 6 288 0.25 -0.48 

Q6ZN66 Guanylate-binding protein 6 GBP6 72.4 25 80 13 1324 -0.11 -1.54 

Q6ZVX7 F-box only protein 50 NCCRP1 30.8 21 38 4 658 0.17 -1.16 

Q71U36 Tubulin alpha-1A chain TUBA1A 50.1 51 287 1 5191 0.63 -1.63 

Q7RTV0 PHD finger-like domain-
containing protein 5A 

PHF5A 12.4 12 9 1 228 -0.35 -0.99 

Q7Z2Z2 
Elongation factor-like GTPase 
1 EFL1 125.4 4 2 2 21 0.61 -0.66 

Q7Z465 
Bcl-2/adenovirus E1B 19 kDa-
interacting protein 2-like 
protein 

BNIPL 39.7 4 6 1 71 0.49 -1.38 

Q86U10 60 kDa lysophospholipase ASPG 60.8 2 3 1 38 -0.35 -0.64 

Q86YV0 RAS protein activator like-3 RASAL3 111.8 4 7 3 118 -0.60 -0.49 

Q8IYB3 
Serine/arginine repetitive 
matrix protein 1 SRRM1 102.3 7 11 3 302 0.36 -0.73 

Q8N392 Rho GTPase-activating protein 
18 

ARHGAP18 74.9 4 4 2 130 -0.14 -0.55 

Q8NAV1 Pre-mRNA-splicing factor 38A PRPF38A 37.5 4 2 1 33 0.60 -0.49 

Q8NC51 
Plasminogen activator inhibitor 
1 RNA-binding protein SERBP1 44.9 13 43 5 860 0.25 -0.74 

Q8NFU5 
Inositol polyphosphate 
multikinase 

IPMK 47.2 5 4 1 21 0.25 -0.70 

Q8TDB6 E3 ubiquitin-protein ligase 
DTX3L 

DTX3L 83.5 3 8 2 54 0.38 -0.51 
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Q8TE68 
Epidermal growth factor 
receptor kinase substrate 8-
like protein 1 

EPS8L1 80.2 5 13 3 259 0.32 -0.51 

Q8WU90 
Zinc finger CCCH domain-
containing protein 15 ZC3H15 48.6 12 14 3 486 0.15 -0.50 

Q8WVJ2 
NudC domain-containing 
protein 2 NUDCD2 17.7 25 8 3 91 0.50 -0.61 

Q8WXI4 Acyl-coenzyme A thioesterase 
11 

ACOT11 68.4 6 4 2 40 0.52 -0.51 

Q92615 La-related protein 4B LARP4B 80.5 2 5 1 63 -0.48 -0.61 

Q92817 Envoplakin EVPL 231.5 7 47 12 744 0.37 -0.84 

Q92930 Ras-related protein Rab-8B RAB8B 23.6 22 59 1 805 -0.31 -0.55 

Q969T9 WW domain-binding protein 2 WBP2 28.1 6 4 1 33 -0.51 -0.60 

Q96BP3 
Peptidylprolyl isomerase 
domain and WD repeat-
containing protein 1 

PPWD1 73.5 2 2 1 22 0.66 -1.59 

Q96FZ7 
Charged multivesicular body 
protein 6 CHMP6 23.5 6 3 1 128 0.60 -0.79 

Q96JY6 PDZ and LIM domain protein 2 PDLIM2 37.4 36 44 7 1036 0.23 -0.64 

Q96PP9 Guanylate-binding protein 4 GBP4 73.1 9 17 3 98 0.07 -0.89 

Q96ST2 Protein IWS1 homolog IWS1 91.9 2 5 1 39 0.16 -0.59 

Q96TA1 Niban-like protein 1 FAM129B 84.1 15 50 8 759 -0.26 -1.02 

Q99933 
BAG family molecular 
chaperone regulator 1 BAG1 38.8 8 3 2 29 0.29 -0.78 

Q9BRP8 Partner of Y14 and mago PYM1 22.6 26 23 5 177 -0.04 -0.52 

Q9BUF5 Tubulin beta-6 chain TUBB6 49.8 33 122 5 1225 0.67 -0.54 

Q9BUW7 UPF0184 protein C9orf16 C9orf16 9 19 3 1 47 0.31 -0.50 

Q9BW04 Specifically, androgen-
regulated gene protein 

SARG 63.9 19 32 6 292 0.39 -1.01 

Q9BW30 
Tubulin polymerization-
promoting protein family 
member 3 

TPPP3 19 23 45 5 1157 0.52 -1.26 

Q9BXM0 Periaxin PRX 154.8 1 2 1 64 -0.62 -0.56 

Q9BY43 Charged multivesicular body 
protein 4a 

CHMP4A 25.1 15 11 2 591 0.31 -0.85 

Q9BZK3 
Putative nascent polypeptide-
associated complex subunit 
alpha-like protein 

NACA4P 23.3 13 10 1 222 -0.19 -0.48 

Q9BZL1 Ubiquitin-like protein 5 UBL5 8.5 32 4 2 34 0.41 -0.85 

Q9H1E3 
Nuclear ubiquitous casein and 
cyclin-dependent kinase 
substrate 1 

NUCKS1 27.3 8 2 1 172 -0.34 -1.12 

Q9H2G2 
STE20-like serine/threonine-
protein kinase SLK 142.6 5 24 4 382 0.33 -0.50 

Q9H2U1 
ATP-dependent DNA/RNA 
helicase DHX36 DHX36 114.7 1 2 1 47 0.56 -0.55 

Q9H444 Charged multivesicular body 
protein 4b 

CHMP4B 24.9 18 20 3 314 0.58 -0.79 

Q9H6S3 
Epidermal growth factor 
receptor kinase substrate 8-
like protein 2 

EPS8L2 80.6 9 32 5 709 0.63 -1.18 

Q9HBL8 
NmrA-like family domain-
containing protein 1 

NMRAL1 33.3 6 2 1 31 -0.39 -0.71 

Q9HCY8 Protein S100-A14 S100A14 11.7 44 26 3 630 0.56 -1.48 

Q9NNX1 Tuftelin TUFT1 44.2 5 4 1 43 0.60 -0.47 

Q9NSY1 
BMP-2-inducible protein 
kinase BMP2K 129.1 4 4 2 38 0.02 -0.51 

Q9NUP9 Protein lin-7 homolog C LIN7C 21.8 12 6 2 142 -0.32 -0.52 

Q9NWH9 SAFB-like transcription 
modulator 

SLTM 117.1 3 5 2 38 0.52 -0.77 

Q9NX24 H/ACA ribonucleoprotein 
complex subunit 2 

NHP2 17.2 25 16 2 429 0.62 -0.66 

Q9NYF8 
Bcl-2-associated transcription 
factor 1 BCLAF1 106.1 4 4 2 35 0.30 -0.54 

Q9NZD4 Alpha-hemoglobin-stabilizing 
protein 

AHSP 11.8 13 10 1 46 -0.41 -0.69 

Q9NZR1 Tropomodulin-2 TMOD2 39.6 4 2 1 36 -0.31 -0.47 

Q9P270 
SLAIN motif-containing protein 
2 SLAIN2 62.5 5 6 2 114 0.57 -0.48 

Q9UGP4 
LIM domain-containing protein 
1 LIMD1 72.1 3 2 1 27 0.41 -0.75 

Q9UHA7 Interleukin-36 alpha IL36A 17.7 17 8 2 73 -0.45 -0.48 
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Q9UHD9 Ubiquilin-2 UBQLN2 65.7 8 29 2 349 0.18 -0.54 

Q9UI08 Ena/VASP-like protein EVL 44.6 11 10 3 196 -0.38 -0.63 

Q9UIV8 Serpin B13 SERPINB13 44.2 37 74 13 1335 0.00 -1.03 

Q9UJC5 
SH3 domain-binding glutamic 
acid-rich-like protein 2 SH3BGRL2 12.3 26 3 2 44 -0.18 -0.59 

Q9UKK3 
Poly [ADP-ribose] polymerase 
4 

PARP4 192.5 1 5 2 61 -0.19 -0.89 

Q9UKT5 F-box only protein 4 FBXO4 44.1 4 4 1 51 0.04 -0.49 

Q9UKY7 Protein CDV3 homolog CDV3 27.3 55 83 6 1363 0.41 -0.66 

Q9UL46 
Proteasome activator complex 
subunit 2 PSME2 27.4 28 35 6 505 -0.42 -0.53 

Q9UMR2 
ATP-dependent RNA helicase 
DDX19B 

DDX19B 53.9 21 32 1 524 -0.18 -0.53 

Q9UQB8 Brain-specific angiogenesis 
inhibitor 1-associated protein 2 

BAIAP2 60.8 21 22 7 529 -0.18 -0.51 

Q9Y259 Choline/ethanolamine kinase CHKB 45.2 4 4 1 55 -0.16 -0.64 

Q9Y2Q5 
Ragulator complex protein 
LAMTOR2 LAMTOR2 13.5 17 3 2 34 -0.27 -0.52 

Q9Y2U8 Inner nuclear membrane 
protein Man1 

LEMD3 99.9 5 6 2 156 0.10 -0.53 

Q9Y3D0 Cytosolic iron-sulfur assembly 
component 2B 

CIAO2B 17.7 18 5 2 108 0.42 -0.55 

Q9Y3E7 
Charged multivesicular body 
protein 3 CHMP3 25.1 5 3 1 30 0.66 -0.83 

Q9Y5L4 
Mitochondrial import inner 
membrane translocase subunit 
Tim13 

TIMM13 10.5 26 15 2 265 0.18 -0.54 

Q9Y608 Leucine-rich repeat flightless-
interacting protein 2 

LRRFIP2 82.1 4 7 2 153 0.54 -0.72 

Note: Proteins of interest highlighted as cellular response to external stimuli (yellow) and mitotic anaphase 
pathway (purple).   
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Figure 4.13: Protein-protein interaction network (STRING) for no change proteins in 
non-smoker tumour and downregulated in smoker tumour with respect to their normal. 
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4.3 Discussion  

The aim of this study was to stratify the proteomic signatures for tongue 

squamous cell carcinoma based on use of tobacco for smoking compared to non-

use, and relative to their respective normal tissues, thereby identifying specific 

mechanisms and candidate biomarkers that differentiate this complex disease. 

MS-based proteomics has been a rising approach for protein analysis where the 

identification and quantification of proteins occurs in an accurate manner. The 

MS-based proteomics allows the detection of proteins on a large scale as well as 

information about their modifications and localisation in a single run. 

Nevertheless, the data sheet produced is vulnerable to systematic biases. The 

processes of normalisation refer to the elimination of systematic bias, which 

brings the data within a comparable range. For this experiment, the data was 

normalised on the prediction that smoking can influence the expression of 

proteins; both in normal and tumour samples. A median approach of 

normalisation was also administered to each data set.  

iTRAQ technology operates isobaric reagent to label primary amines of peptides 

and proteins. The 4-plex iTRAQ reagent involves N-methyl piperazine reporter 

group and an N-hydroxy succinimide ester group, which is reactive with the 

primary amines of peptides. The quantification of data analysis is achieved 

through the analysis of reporter groups, which have been generated through 

fragmentation. 

Furthermore, Sample extraction or removal is highly dependent on the type of 

cancer suspected. Some biopsies remove an entire organ whereas others 

remove just the affected area. The removal of tongue biopsy is a high-risk 

procedure due to side effects that follow, thus, the procedure is only done if 
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needed. Due to this, the size of the biopsies is highly variable. Once the optimum 

protein extraction method was identified, it was important to check that the 

method of using LN pulverisation was ideal for small sized biopsy. The Bradford 

assay highlighted that efficient amount of protein was extracted from sample and 

the SDS-PAGE gel confirmed that the distribution of protein was equal among all 

samples.  

4.3.1 Significant pathways identified through cluster analysis 

To enable interpretation of the large quantitative proteomic dataset, proteins were 

segregated by simple response modes (increased, decreased or unchanged), 

subject to cluster analysis of paired rations (non-smoking/ tumour, NS/T and 

smoking/ tumour, S/T) and bioinformatic interrogation to identify candidates 

associated with the cause of OTSCC. 

4.3.1.1 Upregulated proteins in OTSCC (UU cluster) 

Collagens are the most important ECM proteins which organise structural 

networks in tumour microenvironment and play critical role in carcinogens199. 

Prolyl 4-hydroxylase subunit alpha-1 protein (P4HA1, log2 NST/NSN=1.215, 

ST/SN=0.938) is involved in collagen synthesis. The enzyme synthesises the 

formation of the 4-hydroxyproline in collagens through the hydroxylation of proline 

residues in peptide linkages200. Collected evidence suggests increased P4HA1 

expression is linked with instigating invasion and metastasis in breast cancer201, 

prostate cancer202 and hepatocellular carcinoma203. Of particular, P4HA1 mRNA 

expression, using RNA-Seq, was identified as significantly higher in 520 HNSCC 

cases compared to normal. Furthermore, real-time PCR analysis of P4HA1 in 

162 paired HNSCC samples and normal samples was significantly upregulated 

expression (p=1.41E-40)204. Studies researching hypoxia gene signatures have 

identified P4HA1 as a hypoxia-responsive gene and delivers information 
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regarding overall survival of patients during prognosis205. P4HA1 is one of three 

isoforms that was upregulated by HIF-1 in OTSCC samples and has been shown 

to have a negative prognostic impact206. HIF-1 stimulates signalling in the primary 

tumour thus correlating with the expression of P4HA1207 and triggering 

modifications of ECM208. Furthermore, HIF-1 promotes ECM remodelling by 

inducing P4HA1 and procollagen-lysin, 2-oxoglutarate 5-dioxygenase 2 (PLOD2, 

log2 NST/NSN=1.406, ST/SN=0.849) expression, prompting to change cancer 

cell morphology, adhesion and enhanced invasion which results in metastasis209. 

Secreted protein acidic and cysteine rich (SPARC also known as osteonectin or 

basement membrane 40, log2 NST/NSN= 0.227, ST/SN=0.115 ) has a high 

affinity for type 1 collagen and binds to structural matrix proteins such as 

vitronectin thus regulates cellular interaction with the extracellular protein210. It 

was examined using cell counting kit-8, colony formation, and Edu tests to show 

that OSCC cells expressed more SPARC than normal cells211. Furthermore, 

SPARC has a higher expression in tongue cancer compared to lip212 since during 

early stages of neoplasia, dysplasia cells tend to induce it, improving the survival 

characteristics of cancerous cells however but not leading to metastasis213. 
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A group of inflammation-linked proteins provided insights into OTSCC molecular 

changes (Figure 4.14). 

 

 

 

 

 

 

 

 

Eosinophil cationic protein (ECP or RNASE3, log2 NST/NSN=1.123, 

ST/SN=1.063) is a cytotoxic protein with low-efficiency ribonuclease activity. It is 

synthesised in eosinophil (EOS) progenitors in bone marrow and accumulates in 

granules in mature peripheral blood EOS214. Polymorphism of ECP has been 

linked to prevalence of this protein in sufferers of OTSCC215 and the gene has 

been connected to tumour-associated tissue eosinophilia (TATE) which indicated 

a propensity towards a poor clinical outcome 216. 

Proteins S100-A12/ Calgranulin C (S100A12, log2 NST/NSN=1.973, 

ST/SN=0.969) belongs to S100 protein subfamily and is a calcium, zinc and 

copper-binding protein which plays an important role in maintenance of the 

inflammatory processes and immune response217. During pro-inflammatory 

activity, S100A12 performs as a danger-associated molecular pattern (DAMP) 

Figure 4.14: STRING analysis of upregulated proteins in non-smoker and smoker 

tumour with respect to their normal. 
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molecule218. Similar to other human malignancies, HNSCC is vastly inflammatory 

in nature and unveils increased production of pro-inflammatory mediators such 

as tumour necrosis factor, infiltrating immune cells and tumour cells219. It 

promotes tumour growth by prompting single transduction pathways regulating 

angiogenesis and supporting tumour cell survival220. 

Myeloperoxidase (MPO, log2 NS=0.692, S=0.770) and Neutrophil elastase 

(ELANE, log2 NS=0.832, S=1.100) are strongly linked during transcriptional mis 

regulation in cancer. MPO belongs to the host defence system and is responsible 

for microbicidal activity against a wide range of organisms as well as towards 

reactive oxygen species (ROS) produced in the tumour microenvironment221. 

Healthy cells shield themselves from oxidative stress using both enzymatic and 

non-enzymatic antioxidants, including MPO222. Beyond the wide spectrum of 

primary sites that are encompassed by HNSCCs, the known risk factors such as 

smoking, are identified as participants in carcinogenesis through ROS-based 

mechanisms. The use of tobacco and nicotine has been shown to facilitate to oral 

carcinogenesis by elevating the DNA damage following ROS production223. The 

high expression of MPO in the tumour samples indicates that ROS have been 

produced in the microenvironment thus playing a role in the pathology of 

HNSCCs224. On the other hand, ELANE amends the actions of natural killer cells 

in order to promote oral cancer growth. Based on oncological circumstances, 

ELANE degrades a wide-variety of extracellular matrix and cell-surface proteins. 

In an in-vivo study, ELANE stimulated growth of cells as well as promote cell 

invasion; measured by a cell migration assay225. The relation between the two 

proteins highlights that transcriptional signalling from enhancers to promoters is 

dependent and characterised by transcriptional cofactors. The gene activation 

chromatic regulators influence their function globally, therefore, the dysregulation 



137 
 

has a profound effect on expression. In acute lymphoblastic leukaemia cells, it 

has been observed that the transcriptional fusing of cofactors can create a gene-

specific effect226. As MPO and ELANE have functional significance in HNSCC, 

this could potentially be a common process. 

Increasing evidence has indicated a correlation between cancer biology and 

dysregulation of alternative splicing can cause cell proliferation and apoptosis227. 

Serine/arginine-rich splicing factor 9 (SRSF9, log2 NST/NSN=0.934, 

ST/SN=0.592 acts as oncogene involved in tumour cell proliferation, migration, 

apoptosis and invasion228,229,230. In relation to HNSCC, it was identified that high 

expression of SRSF9 indicates poor prognosis and thus may offer new 

possibilities for effective therapies231. 

4.3.1.2 Downregulated proteins in OTSCC (DD cluster) 

Of the proteins downregulated in both non-smoker and smoker tumours with 

respect to their normal matched tissue the most significant proteins were 

associated with ECM organisation. The involvement of ECM is a fundamental 

component of multicellular organisms as it orchestrates the cellular and tissue 

organisation. Modifications to the composition of the ECM can lead to frequent 

pathologies such as HNSCC232. From this group, some proteins have particular 

significance. 

Collagen type VI alpha 1 (COL6A1, log2 NST/NSN=-0.875, ST/SN=-1.028), 

collagen type VI alpha 2 (COL6A2, log2 NST/NSN=-0.760, ST/SN=-0.978) and 

Collagen type XIV alpha 1 (COL14A1, log2 NST/NSN=-0.690, ST/SN=-0.762) 

belong to the superfamily of collagens which play a role in upholding the integrity 

of various tissues and are part of the subgroup containing a triple-helical 

domain233. The distinctive expression of these proteins inside the inner tumour 
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suggests the potential prognostic value for clinicopathological association 

analysis234 and decreased levels are associated with advanced clinical staging. 

COL6A1 in combination with leukotriene A-4 hydrolase (LTA4H, log2 NST/NSN=-

0.449, ST/SN=0.110) and Cystatin-B (CSTB, log2 NST/NSN=-0.243, ST/SN=-

2.187) in the oral cavity allow the distinguishing of patients with and without lymph 

nodes metastasis with good predictive performance235. 

Tenascin-X (TNXB, log2 NST/NST=-1.007, ST/SN=-0.764) is an extracellular 

matrix protein expressed in a range of tissues such as blood vessels, joints and 

skin. TNXB mediates interaction between cell and ECM, increases fibril formation 

and supports the growth of epithelial tumours236. TNXB specifically is expressed 

in epithelial-mesenchymal membrane during embryogenesis and tumorigenesis. 

Research has demonstrated the high expression of TNXB during neoplastic 

lesions which affects receptors leading to alteration of cell growth by interfering 

with tumour progression. In malignant tumours, the architecture of the tissue is 

lost which means that cells are able to break contact with their sister cells and 

migrate through the damaged basement membrane. The downregulation of 

TNXB therefore supports tumour growth as it allows the tumour cells to break free 

and support tumour growth through migration237. 

Keratin, type II cytoskeletal 4 (KRT4, log2 NST/NSN=-1.111, ST/SN=-1.796) and 

keratin, type I cytoskeletal 13 (KRT13, NST/NSN=0.886, ST/SN=-1.510) are 

intermediate filament cytoskeletal proteins which have been previously been 

shown to be in OTSCC along with KRT15 (no change in proteomics data) and 

KRT76 (not detected), KRT4 and KRT13 are a major keratin pairs in suprabasal 

cells of the oral epithelium, their down-regulated expression indicated that 

abnormal terminal differentiation had taking place238. Combining KRT4 and 

KRT13 for different cellular properties would facilitate more accurate and specific 
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diagnosis. Knockout mice of KRT4 expressed cellular phenotype resembling 

epithelial dysplasia in humans. From this study, the aberrant expression of both 

KRT4 and KRT13 can be said to possibly leading to morphological change of the 

affected epithelium239. 

Small proline-rich protein (SPRR) 1A ( log2 NST/NSN=-1.143, ST/SN=-2.459), 

SPRR2A (log2 NST/NSN=-1.802, ST/SN=-2.743) and SPRR3 (log2 NST/NSN=-

2.652, ST/SN=-2.650) are involved in the development of keratinocytes. 

Assessment of SPRR2 expression in a clinical patient showed the downregulated 

expression common between all primary tumours, lymph node metastases for 

HNSCC but not in normal tissue240. However, studies have also shown that 

SPRR2A expression was upregulated during lymph node metastases, away from 

the oropharyngeal location of primary tumour241. Hence, SPRR2A plays a dual 

role during HNSCC by supporting invasion (downregulation) as well as resisting 

therapeutic drugs (upregulation). The mechanisms underlying metastasis and 

recurrence of HNSCC can be presented as an adjuvant tool for preclinical 

research242. SPRR2A may also be a prognostic factor for regional disease in 

identification of primary tumour as well as recurrent disease after surgery and 

radiotherapy243. 

4.3.1.3 Upregulated in non-smoker and no change in smoker (UN cluster) 

The growth of OTSCC tumour had ECM remodelling as one of its main factors 

and this progression was mediated by matrix metalloproteinases (MMPs)244. The 

zinc-dependent endopeptidases are encoded by 24 genes distinctively and have 

varying classification as shown in Figure 4.15245. 
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MMP1, MMP2, MMP3, MMP9, MMP10 and MMP14 (Figure 4.16) were 

recognised as part of degradation of collagen and ECM along with collagen alpha 

2 IV (COL4A2, log2 NST/NSN=0.864, ST/SN=-0.105). 

 

  

Figure 4.15: Classifications of MMPs. 

Adapted from I. Gkouveris (2017)226. 

Figure 4.16: MMP abundance ration of non-smoker and smoker tumour with 

respective normal. 
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MMP9 expression is linked with HNSCC malignant tumours with high tumour 

grade and poor patient prognosis233. MMP1 increased expression was 

recognised in HNSCC tissues when compared with the normal in IHC analysis246. 

Additionally, a study focusing on HNSCC tumour microenvironment identified 

MMP1 along with MMP3 as molecular biomarkers for HNSCC diagnosis and poor 

patient prognosis as both MMPs expressed increased expression in HNSCC 

tumours247. MMP9 was expressed at higher levels in comparison to the other 

MMPs in smoker tumours, suggesting that this proteinase may be of more 

importance in HNSCC. MMP2 and MMP9 serum levels have been shown to be 

higher in oral cancers compared to healthy248. Microarray datasets identified 

upregulated expression of MMP1, MMP3, MMP9, MMP10 along with COL4A2, 

and recognised as serving critical roles in tumour growth and thus may be targets 

in the treatment of HNSCC246. 

Furthermore, EGFR (log2 NST/NSN=0.740, ST/SN=0.031), a cell-surface 

receptor, was associated with the focal adhesion pathway. A gene expression 

profile data study also recognised EGFR as an upregulated gene in HNSCC249. 

Previous studies have reported EGFR role in transducing extracellular signals to 

intracellular responses therefore affecting proliferation in tumour cells250,251. High 

level expression of EGFR has also been associated with decreased survival and 

heightened risk of relapse in HNSCC252. The recognised increased expression of 

EGFR highlights its prospective as a therapeutic target253. 

4.3.1.4 Downregulated in non-smoker and no change in smoker (DN cluster) 

Inactivation of tumour suppressor gene is usually due to small loss on one allele, 

coupled with a large loss of heterozygosity (LOH) on the other allele254. Neural 

cell adhesion molecular L1- like protein (CHL1, log2 NST/NSN= -0.98, 
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ST/SN=0.40) has expressed this mutation resulting in downregulation in HNSCC 

in OTSCC cell line SCC25255.  

Inorganic pyrophosphatase 2, mitochondrial2A (PP2A), a serine/ threonine 

phosphatase operates as a vital regulator of cellular physiology in perspective of 

mitosis, apoptosis and response to DNA damage. Inhibition of PP2A has also 

shown to enhance tumour sensitivity to chemoradiotherapy as the decrease in 

expression causes cells to enter a disordered mitotic state. This makes the cells 

more susceptible to cell death. There is no direct evidence linking HNSCC with 

PP2A yet, however its tumour suppressor activity is evident in skin, breast, lung, 

ovarian, cervical and colon cancer256,257, 258. 

4.3.2 Smoking related proteins 

4.3.2.1 Upregulated in smoker tumour (NU cluster)  

One of the significant functions expressing upregulation only in smoker tumour 

was the arginine and proline metabolism pathway. Cancer cells have the 

tendency to change their metabolism to boost uncontrolled proliferation. Recent 

studies have shown that proline, a proteogenic secondary amino acid, is 

abundant in the body as it is key for metabolic reprogramming and affects the 

progression of cancer. The synthesis of proline is carried out by aldehyde 

dehydrogenase family 18 member A1 (ALDH18A1) (log2 NST/NSN=0.64, 

ST/SN=0.94) and delta-pyrroline-5-carboxylate reductase 2 (PYCR2) (log2 

NST/NSN=0.32, ST/SN=0.83) and with increased expression can stimulate 

proliferation and invasion of cancer cells. Comparison of normal and tumour oral 

cancer tissue also indicated significantly higher concentrations of proline in 

tumour tissue (127% to 462%)259. Synthesis of proline is linked with protecting 

the cancer cells from oxidative stress and linked to the development of malignant 

tumours characterised by faster growth, earlier metastasis in lymph nodes and 
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shorter overall survival260,261. The tumour microenvironment (TME) in OTSCC is 

complex and lately emphasis has been given to understanding the role to identify 

novel prognostic biomarkers. Tumour associated macrophages (TAMs) comprise 

a great population of OSCC TME and have become an interesting area of 

research due to their bipolar role in disease progression. The opposing functions 

of TAMs include pro-tumour functions via regulatory T cells or anti-tumour actions 

through natural killer cells. Metabolic events seem to drive the polarisation fate of 

macrophages via the differential metabolism of L-arginine. This is carried out 

either via nitric oxide synthase (NOS) to NO and citrulline, or via arginase to 

ornithine and urea, and the latter protein is detected as significantly high in 

smoker-tumours. Through this, TAMs promote cell proliferation and invasion of 

OTSCC262. 

Minichromosomal maintenance (MCM) proteins comprise one of the most 

important complexes for DNA replication263. They play an essential role in 

replication of the initiate complex, which allows the synthesis of DNA in 

eukaryotes. MCM2, 3, 4 and 6 were significantly upregulated in smoker tumour, 

with respect to the normal tissue (Figure 4.17). Origin recognition complex (ORC) 

is a protein complex, where the MCMs are recruited by the chromatin264 while the 

pre-replication complex (pre-RC) is formed, allowing S-phase to begin265. 
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The expression of MCM3 is controlled by a transcription factor of E2F family, and 

is only present in dividing cells and not in resting or differentiating cells266. 

Western blot studies have shown that MCM3 expression increased in HNSCC in 

comparison to other conventional proliferation markers, for example proliferating 

cell nuclear antigen (PCNA), which showed no significance change in the 

proteomics dataset267. 

Keratin, type II cytoskeletal 8 (KRT8, log2 NSN/NST=-0.04, ST/SN=1.91) is 

expressed in the mouth mucosa and squamous cell carcinoma268 whereas 

KRT19 (log2 NSN/NST=-0.06, ST/SN=0.85) is expressed in the basal layer of the 

non-cornified epithelium of oral and oesophageal mucosae269. Keratins alter the 

tumour necrosis factor (TNF) signalling pathways via communication with the 

signalling proteins. KRT8 and KRT18 (log2 NST/NSN=-0.15, ST/SN=0.94), both 

identified as significantly upregulated in smoker tumour sample, associate with 

TNF receptor superfamily, member 1B and mitigate its signal transduction270. 

Figure 4.17: MCM complex abundance ratio of non-smoker and smoker 

tumour. 
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4.3.2.2 Downregulated in smoker tumour (ND cluster) 

The change of normal cells to malignant and metastatic tumour is a multistep 

process, which occurs due to changes in the genes. Over the past decades, 

numerous investigators have researched the underlying molecular mechanisms 

for this transformation, and have resulted in focusing on the change of protein 

expression271. LIM domain-containing protein 1 (LIMD1, log2 NST/NSN=0.411, 

ST/SN=-0.749) is classed as an adaptor or scaffold protein and plays a role in 

the assembly of protein complexes which are involved in cell fate 

determination272. Research on breast cancer and lung cancer has shown that the 

downregulated expression of LIMD1 is related strongly with poor tumour 

prognosis273. Nevertheless, for HNSCC, LIMD1 is seen as a predictive clinical 

marker as research has shown that the deletion/ methylation of LIMD1 is 

associated with poor prognosis in patients addicted to tobacco and are HPV-

negative274. The reasoning behind this is that the repression of LIMD1 in 

comparison with retinoblastoma (pRB), has proven to be crucial for the 

development of HNSCC due to the higher rate of alterations of LIMD1 in 

comparison to pRB. However, it was shown that if patients are diagnosed earlier 

and present LIMD1+/pRB- mutations, the survival chance is better compared to 

patients diagnosed with LIMD1-/pRB+275. 

Inosine monophosphate dehydrogenase type II (IMPDH2, log2 NST/NSN=0.417, 

ST/SN=-0.555) is a rate-limiting enzyme which is essential for DNA synthesis. 

Studies have shown that IMPDH1 and IMPDH2 are expressed differently as 

IMPDH1 are consistently expressed in normal cells whereas IMPDH2 is shown 

to be elevated in malignant cells, especially in nasopharyngeal carcinoma 

(NPC)276. NPC is one of the most prevalent HNSCC in Southern China and its 

non-specific symptoms in early stages results in patients with advanced stage 
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disease at initial diagnosis277. The upregulated expression of IMPDH2 was also 

observed in tumour metastasis of patients suffering with prostate, bladder or 

kidney cancer278. Nonetheless, in OTSCC samples collected from smokers, 

IMPDH2 was downregulated. This highlights how the use of smoking can 

influence the potential therapeutic targets for HNSCC by a different route in 

causing cancer and progression. 

4.4 Identification of potential targets  

To further understand the link between smoking and OTSCC, significant proteins 

expressing no change in non-smoker tumour but upregulated in smoker tumour 

(NU) were further analysed. This included a list of 200 proteins (Table 4.9) and a 

summary of the significant pathways summarised plus number of proteins 

involved in each pathway are presented as a percentage in Figure 4.18. 

 

 

 

 

 

 

 

 

A quantitative comparison was conducted to create a more thorough proteomic 

profile for the comparison between non-smoking and smoking related proteins 

where enrichment of gene ontology (GO) and functional analysis of significant 
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Figure 4.18: Summary of significant pathways identified of proteins 

expressing no change in non-smoker but upregulated in smokers. 
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proteins was conducted using functional enrichment analysis tool (FunRich). This 

also included focusing on cellular components and biological processes plus 

understanding molecular functions through literature search for each of the 

proteins. To help further narrow the list of proteins to a more feasible number, 

proteins specific to OTSCC were then interpreted according to the Human Protein 

Atlas therefore eliminating any protein which was not linked to OTSCC. From this, 

4 proteins which were selected for further verification based on their upregulated 

ratio in smoker tumour vs smoker normal (Table 4.11). 

  

Table 4.11: Selected target proteins for validation. 

 

Arginase-1 (Uniprot entry: P05089) 

�8�U�H�D�� �F�\�F�O�H�� �Z�D�V�� �L�G�H�Q�W�L�I�L�H�G�� �D�V�� �H�D�U�O�\�� �D�V�� ���������¶�V�� �Z�K�L�F�K�� �D�F�F�H�Q�W�X�D�W�H�G�� �W�K�H�� �V�W�D�W�X�V�� �R�I��

ARG1. As previously mentioned, the fundamental role of ARG1 is the conversion 

of L-arginine to urea and L-ornithine (Figure 4.19)279. The manganese-containing 

enzyme is habitually expressed in the liver with reduced expressed in kidney as 

well. A defective urea cycle can result in a toxic accumulation of ammonia and 

can cause psychological disorders, seizures and even death if left untreated. 

However, the expression of ARG1 has also been identified in other organs where 

the urea cycle is not present i.e., the tongue. L-arginine and L-ornithine relation 

to cell proliferation and metabolism in non-ureagenic tissues highlights the role of 

Accession  Protein Name  Gene MW 
[kDa]  

SC 
[%]  

PSMs Unique 
peptides  

Mascot 
Score  

115 
114 

117 
116 

P05089 Arginase 1 ARG1 34.7 9 11 2 90 -0.32 1.07 

P05787 Keratin, type II cytoskeletal 8 KRT8 53.7 30 81 10 756 -0.04 1.91 

P31025 Lipocalin 1 LCN1 19.2 55 93 6 1493 0.16 2.53 

P45736 
Minichromosomal 
Maintenance Complex 
Component 2 

MCM2 101.8 14 46 10 780 -0.27 0.58 
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ARG1 as a potential biomarker due to its corresponding role beyond ureagenesis: 

to control L-ornithine levels and consequent polyamines and proline biosynthesis. 

 

 

 

 

 

 

 

 

Three isoforms of the protein have been identified where isoform one is 322 

amino acids with a molecular weight of 34kDa, isoform two is 330 in length with 

a molecular weight of 35kDa and final isoform is 236 amino acids in length with 

a 25kDa molecular weight. Little is known about the third isoform however for the 

first two isoforms; the genes are positioned on separate chromosomes but have 

related mechanisms of actions and produce the same metabolites. Through 

ornithine aminotransferase (OAT), Arginase produces ornithine which is 

necessary for the synthesis of proline and polyamines. Arginase also utilises 

arginine decarboxylase (ADC) for the generation of polyamines which are crucial 

for cell proliferation and growth as well as wound healing, inflammation, tissue 

repair and neuronal development280. 

Figure 4.19: ARG1 role in urea cycle. 

Accessed from R.W Caldwell (2018)260. 
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Smoking is closely linked to the increase of oxidative stress. Nitric oxide synthase 

(NOS) is an inducible isoform produced during oxidative stress which is 

fundamental for eliminating pathogens. During the phase of this acute response, 

ARG1 along with myeloid cell infiltration expression are increased. As discussed 

in chapter four, TME is a complex system but plays a fundamental role in OTSCC. 

TME has a large influx of TAMs which also metabolise arginine as the amino acid 

has a huge influence on TAMs281. M1 macrophage primarily metabolises L-

arginine by NOS2 which causes an increase of NO to inhibit proliferation while 

M2 TAM exploits arginine through ARG1 to produce urea and ornithine. The 

pathway of ARG1 increases proliferation, tissue repair and contributes to tumour 

growth. ARG1 expression was upregulated in proteomic as well as western blot 

analysis thus highlighting the importance of ARG1 activity during OTSCC in 

relation to smoking279. 

KRT8 (Uniprot entry: P05787) 

The keratin family is the largest group of intermediate filament proteins and 

comprise as a foremost element of the cytoskeleton in digestive system. Each 

�N�H�U�D�W�L�Q���V�K�D�U�H�V���D���P�X�W�X�D�O���P�R�O�H�F�X�O�D�U���V�W�U�X�F�W�X�U�H���Z�L�W�K���D���.-helical central domain which 

is linked to N-terminal head and C-terminal tail domains. This is essentially 

observed in epithelial cells as it is fundamental for the maintenance of cell 

morphology. Keratins are subdivided into Type 1 (KRT9-22) and Type 2 (KRT1-

KRT8). KRT8 and KRT18 form dimeric filaments through non-covalent binding 

and generate tetramers which form the cytoskeleton network through the 

microfilament and microtubule interaction282. 

The expression of each keratin varies as KRT1, 5, 7, 19 and 20 were stated to 

have altered in some tumours including gastric cancer. However, KRT8, an 
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important keratin, is abnormally expressed in various tumours. For example, 

expression of KRT8 is reduced in breast and colorectal carcinomas but it is 

upregulated in oral cavity carcinoma which was evident in the proteomic and 

western blot data produced283. Two isoforms for KRT8 have been identified where 

isoform one is 483 amino acids with the molecular weight of 53kDa and the 

second isoform which is 511 amino acids with 56kDa molecular weight. The 

upregulated expression of KRT8 is accompanied with poor prognosis in oral 

cancer. Furthermore, the aberrant expression of KRT8 is also associated with 

cancer progressing processes such as cell migration, cell adhesion and drug 

resistance. However, the abnormalities associated with this exposure are still yet 

to be fully characterised. Tobacco inhalation exposes the bronchial epithelium to 

free radicals which results in cellular injuries. It has been reported that the 

subclass of changed gene expression due to smoking perseveres years after 

smoking cessation. Cigarette smoke has shown to increase the cell proliferation 

in epithelium which potentially involves resistance to apoptosis284. Two 

eventualities are imagined where the first refers to the reorganisation of 

cytoskeleton of the invading cells which enhances epithelium-to-mesenchymal 

transition thus improving mobility. This could be justified by KRT8, a keratin of 

simple epithelia. The second envision is KRT8 serving as a receptor for plasma 

membrane of tumour cells. This means that KRT8 will boost proteolytic activity at 

the plasma membrane and ease invasion. This is supported by the expression 

modulation of KRT8 identified in the data present herein, which accentuates its 

role as a potential biomarker285. 

LCN1 (Uniprot entry: P31025) 

Lipocalin-1 (LCN1) belongs to an ancient family of proteins that function as 

extracellular binding proteins. In general, the proteins possess a similar structure 
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and predominant extracellular functions in binding to small hydrophobic 

molecules or soluble macromolecules via covalent and non-covalent bonds. 

Additionally, LCN1 binds to specific surface receptors on cells and is highly 

expressed in saliva and behaves in a protective manner where the upregulated 

expression is linked to increased activity of anti-inflammatory and anti-microbial 

effects286. One isoform of LCN1 is identified as 176 amino acids with a molecular 

weight of 19kDa. Overexpression of LCN1, as evident in the proteomic and 

western blot data as well, is correlated with the survival of patients of OTSCC. 

Research revealed that patients with high LCN1 expression have low occurrence 

of lymph node metastasis and long survival287. It has been suggested that LCN1 

supresses tumour metastasis by targeting the post-transcriptional regulation of 

carbonic anhydrase IX in OTSCC cells288. 

MCM2 (Uniprot entry: P49736) 

Minichromosomal maintenance is a family of 6 proteins (MCM2-7) which are 

responsible for the separation of duplex DNA during chromosol replication thus 

are crucial for cell viability. The complex is fundamental for the initiation as well 

as the replication fork progression. The importation MCM complex into nucleus 

is conducted when CDK activity is low in early G1 phase and exported from 

nucleus during S phase when CDK activity increases (Figure 4.20). MCM proteins 

assemble into pre-replicative complexes once the cells exit mitosis. The dynamic 

role in genome replication in multiplying cells means that any deregulation of 

MCM complex function can result in a defect which could lead to tumourigenesis. 

The MCM complex is highly expressed in pre-cancerous cells undertaking 

malignant transformation as well as the cancer cells but is not expressed in 

differentiated somatic cells away from the cell cycle. This makes the proteins an 

idyllic diagnostic marker as well targets for anti-cancer drug development. 
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polymerases to initiate DNA synthesis. In lung cancer, increased levels of MCM2 

are linked to increased risk of death289 and overexpression has been identified in 

kidney, colon, larynx and OTSCC. Additionally, studies conducted on 

precancerous and malignant lesions of oral cavity and salivary gland tumours 

identified high expression of MCM2290. Overexpression of MCM2 was detected 

in proteomic data and supported by western blot analysis therefore the protein 

can be seen as novel biomarkers to not only determine proliferative level but also 

as a prognostic factor for survival rate of patients suffering from OTSCC. 

4.5 Conclusion  

The lack of specificity in lesions of the oral cavity of HNSCC development 

emphasises the importance of finding an effective and appropriate method for 

detection at early stages. The current experiments showed that a quantitative 

proteomics strategy could provide valuable data on disease stratification, in this 

Figure 4.20: MCM role during replication. 

Adapted from Marcos Malumbres, in Abeloff's Clinical Oncology (Fifth 
Edition),2014. 
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instance, differentiating OTSCC by smoking and non-smoking, and relative to 

matched normal tissue. 

Advancements in proteomics has permitted the analysis and identification of over 

thousand proteins as new disease indicators. Progression in labelling techniques 

have further aided with the identification of less abundant proteins in tissue 

samples. The magnitude of statistically significant characterised target protein is 

highly dependent on rationale patient selection along with having matched normal 

and tumour pairs. 

From the extensive data set, four targets were selected based on their novelty 

and/or link to smoking which included ARG1, KRT8, LCN1 and MCM2 (Table 

4.12). 

 

Table 4.12: Target protein pathway analysis. 

Gene Pathway analysis  

ARG1 

�x Innate immune system 
�x Metabolism 
�x CDK-mediated phosphorylation and removal of Cdc6 
�x Glucose/ Energy metabolism 
�x Amoebiasis 

KRT8 

�x Cytoskeletal signalling 
�x Developmental biology 
�x Keratinisation 
�x Cytoskeletal remodelling neurofilaments 
�x Primary focal segmental glomerulosclerosis FSGS 

LCN1 
�x Transport of glucose and other sugars, bole salts and organic acids, metal ions and 

amine compounds 
�x Transport of vitamins, nucleosides, and related molecules 

MCM2 

�x Cell cycle 
�x Mitotic G1-G1/ S phases 
�x CDK-mediated phosphorylation and removal of Cdc6 
�x Telomere C-strand (Lagging Strand) synthesis 
�x E2F mediated regulation of DNA replication 

 

Proteomics research identified four candidate biomarkers protein targets that 

underline differences in protein expression between matched normal and tumour 
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for smoking individuals. Further verification will support the selection of the 

proteins for a more extensive study. 
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5. CHAPTER FIVE: OTSCC CANDIDATE BIOMARK ER VERIFICATION 

5.1 Introduction  

Four promising biomarker candidates were investigated using orthogonal 

methods to verify the proteomics results. 

Arginase-1 (ARG1) was selected as an example of protein specifically increased 

in tumours of smokers. The protein is involved in the urea cycle that catalyses the 

hydrolysis of L-arginine to L-ornithine and urea which mainly takes place in the 

liver, and to a less extent in the kidneys279. This is further processed into 

metabolites proline and polyamides which drive collagen synthesis and bio-

energetic pathways which are key for cell proliferation279. Three ARG1 isoforms 

co-exist, and their activity is not bound to the function of hepatic ureagenesis thus 

is widespread in most tissues. Under the influence of smoking, the function of 

producing L-ornithine while competing with NOS for L-arginine, which is the 

common substrate between the two, influences the endogenous levels of proline 

and NO291. The habit of smoking has been shown to disturb the homeostasis and 

functionality of the protein which results in the upregulation of arginase 

expression. Elevated expression of arginase-1 is associated with several 

pathological processes ranging from neurodegenerative disorders to tumorigenic 

conditions such as OTSCC292. 

Keratin-8 (KRT8) was selected as it was representative of developmental biology 

which in recent years has provided a great deal to address how proteins control 

tissue environment, giving insight to mutations. The protein is a member of the 

type II keratin family and plays a part in maintaining cellular structural integrity. It 

also plays a role in signal transduction and cellular differentiation and in case of 

upregulated activity, can lead to cancer282. Keratin family are essential 

components for cytoskeleton and are involved in processes such as mitosis and 
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apoptosis293. KRT8 has been shown to have an essential role in the growth and 

metastasis of multiple human cancers such as renal cell carcinoma294, gastric 

cancer along with studies showing a strong level of expression of KRT8 in 

disseminated tumour cells in the head and neck area including the tongue295. 

Lipocalin-1 (LCN1) was selected as a marker representative of increased 

expression in saliva as shown through STRING analysis. It is a secreted protein 

by the pituitary gland, with the potential role in taste and could also be required 

for the concentration and delivery of molecules in the gustatory system. 

Furthermore, LCN1 is involved in innate immune response and acts as a 

physiological barrier against possibly harmful lipophilic molecules295. It has 

infrequently been associated with cancer however the significant increase in 

expression in tumour-smoker sample from the proteomics results and higher 

expression saliva samples (Section 5.2.4) highlighted LCN1 as a potential 

biomarker. 

Lastly, Minichromosomal maintenance complex component 2 (MCM2), another 

intracellularly located protein, is part of the MCM complex which is the replicative 

�K�H�O�L�F�D�V�H���F�U�X�F�L�D�O���I�R�U���µ�R�Q�H���S�H�U���F�H�O�O���F�\�F�O�H�¶ DNA replication initiation and elongation in 

eukaryotic cells267. MCM2, MCM3 (both upregulated in proteomics data) and 

MCM7 are required for entry into S phase and cell division. Increased expression 

of MCM2 is only present in dividing cells and not resting cells296, which was 

significantly evident in the tumour-smoker sample (see Chapter Four). 

A summary of the four target proteins can be found in Table 5.1. 
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Table 5.1: Literature search summary for ARG1, KRT8, LCN1 and MCM2. 

 ARG-1 KRT8 LCN1 MCM2 
Accession 

code  P05089 P05787 P31025 P49736 

Predicted MW 
(kDa) 

25, 34, 35 53, 56 19 101 

WB MW (kDa)  25 56 42 101 
Tissue 

Specificity 
(Enriched)  

Liver Intestine Tongue Lymphoid 

Predicted 
location  

Intracellular Intracellular Secreted Intracellular 

Biological 
involvement  

Adaptive immunity, 
arginase 

metabolism 
immunity, innate 

immunity, and urea 
cycle 

Host-virus 
interaction 

Sensory 
transduction, 

taste, transport 

Cell cycle, DNA 
replication 

Disease 
involvement  

Disease mutation 

Cancer-
related 
gene, 

disease 
mutation 

Cancer-related 
gene 

Cancer related 
gene, deafness, 

disease 
mutation 

Pathology 
location  

Strong cytoplasmic 
and nuclear 

staining 

Strong 
cytoplasmic 
and nuclear 

staining 

 
Strong nuclear 

staining 

 

The aim of this chapter was to verify the proteomics results and still focusing on 

smoking as the causative agent by defining the four candidates by: 

1. Western blot analysis of: 

a) OTSCC and MCF-7 breast cancer cell lines to identify positive controls 

for tongue biopsy extracts 

b) Matched normal and tumour tongue biopsies from male and female 

doners to assess the expression of the targets to identify the 

expression of the selected potential biomarkers specificity for gender 

i.e., whether the expression is only upregulated in males, or the change 

of expression is non-specific for both male and female. 

c) Saliva samples to determine if the four targets can be detected in a 

non-invasive manner 

2. Immunohistochemistry of: 
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a) Xenografts 

b) TMAs of HNSCC to determine if the expression of target proteins is 

regio-specific  

5.2 Results  

5.2.1 Protein quantification 

5.2.1.1 Solid tumour protein extraction concentration 

5.2.1.1.i Males 

Table 5.2: Protein concentration of extracts from OTSCC male samples for 

validation technique. 

Patient 
no.  

Sample   Variable  
Tissue 
Weight 

(mg)  

Concentration 
(mg/ml)  

Protein 
recovered 

from tissue 
(Protein 

(µg)/Tissue 
(mg))  

Total 
Protein  

(µg) 

1 ETP-10351 N Non-Smoker 30 2.93 59 585 
2 ETP-10351 T Non-Smoker 20 4.42 88 883 
3 ETP-10-3546 N Non-Smoker 150 5.83 117 1167 
4 ETP-10-3546 T Non-Smoker 90 7.90 158 1581 
5 ETP-8168 N Non-Smoker 50 6.92 138 1384 
6 ETP-8168 T Non-Smoker 120 9.64 139 1927 
7 ETP-5318 N Non-Smoker 120 3.82 76 764 
8 ETP-5318 T Non-Smoker 40 1.93 39 385 
9 ETP-10-3327 N Ex-Smoker 44 2.76 55 552 

10 ETP-10-3327 T Ex-Smoker 30 1.09 22 219 
11 ETP-12-4280 N Ex-Smoker 170 21.66 433 4332 
12 ETP-12-4280 T Ex-Smoker 78 6.57 131 1315 
13 ETP-8165 N Smoker 90 9.98 200 1997 
14 ETP-8165 T Smoker 50 7.85 157 1569 
15 ETP-10-2684 N Smoker 80 9.06 181 1812 
16 ETP-10-2684 T Smoker 70 9.35 187 1870 
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5.2.1.1.ii Females 

Table 5.3: Protein concentration of extracts from OTSCC female samples for 
validation technique. 

Patient 
No. 

Sample  Variable  
Tissue 
Weight 

(mg)  

Concentration 
(mg/ml)  

Protein 
recovered 

from tissue 
(Protein 

(µg)/Tissue 
(mg))  

Total 
Protein 

(µg) 

1 ETP-6788 N Non-Smoker 25 4.75 95 949 
2 ETP-6788 T Non-Smoker 15 2.15 43 430 
3 ETP-09-2434 N Non-Smoker 32 6.47 129 1293 
4 ETP-09-2434 T Non-Smoker 69 4.88 98 977 
5 ETP-8172 N Non-Smoker 160 17.24 345 3448 
6 ETP-8172 T Non-Smoker 70 7.70 154 1541 
7 ETP-10-3096 N Non-Smoker 56 6.11 122 1223 
8 ETP-10-3096 T Non-Smoker 180 11.38 228 2275 
9 ETP-7429 N Ex-Smoker 23 5.29 106 1058 

10 ETP-7429 T Ex-Smoker 65 4.47 89 894 
11 ETP-7968 N Ex-Smoker 41 1.67 33 334 
12 ETP-7668 T Ex-Smoker 65 0.60 12 121 
13 ETP-12-4273 N Smoker 78 6.87 137 1373 
14 ETP-12-4273 T Smoker 70 3.58 72 715 
15 ETP-5743 N Smoker 80 9.32 186 1863 
16 ETP-5743 T Smoker 180 20.91 418 4182 

 

As the extraction method (liquid nitrogen cryo-pulverisation) was optimised 

(Chapter Three) and also conducted successfully (Chapter Four), the extraction 

efficiency was likewise achieved for the samples listed above. A sufficient amount 

of protein recovered meant that the right concentrations for WB to be conducted 

were available for each target as well as �E -Actin.  
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5.2.1.2 SDS-PAGE 

SDS PAGE was performed to quality check the protein extracts and confirm 

protein determination. The Coomassie stain not only allows the visual distribution 

of the bands but also highlights how consistent protein extraction is among the 

samples and which sample has high (or low) amount of protein concentration. 

Although samples produced discrete bands, overall  Coomassie stained gel 

profiles from both male and female indicated a similar distribution of bands across 

all the samples, providing confidence to proceed with Western blotting (Figure 

5.1).



161 
 

 

 

 

 

 

Figure 5.1: SDS-PAGE to show the separation of protein bands.  

(A) Non-smoker males, (B) Smoker males, (C) Non-smoker females and (D) Smoker females. 
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5.2.2 Establishing expression of target proteins in non-smoker and smoker 

patients through Western Blot 

The expression of ARG1, KRT8, LCN1 and MCM2 were investigated in matched 

male and female tongue protein extracts by Western blotting. Actin cytoplasmic 

or �E-Actin (ACTB) was also analysed as a protein representative to show protein 

amount loaded was equal in each amount 

5.2.2.1 Identification of positive control  

Head and neck cancer cell lines (A253, OSC-19, SCC-09 and FaDu) pellets 

underwent protein extraction and protein quantification using the optimised 

methods to identify the most suitable positive control for WB analysis. 

Additionally, MCF-7 was also assessed as a non-HNC cancer cell as a 

comparative control. An exemplar smoker tumour biopsy and mouse liver as a 

negative control, were evaluated for ��-Actin, ARG1, KRT8, LCN1 and MCM2. A 

single band was observed for ARG1 at a molecular weight of 25kDa, in all cell 

lines and the tongue biopsy, but was absent in mouse liver. KRT8 generated 

multiple bands (for both isoforms at 53kDa and 56kDa) in Fadu and OSC-19 

suggesting that the antibody concentration might have been too high. However, 

a single band in MCF7 was generated but was absent in A253, SCC-09 and the 

tumour biopsy. A faint band was also detected in mouse liver. On the other hand, 

LNC1 was only detected in A253. Like KRT8, MCM2 produced multiple bands, 

but was only detected in the tongue biopsy, A253 and FaDu. As expected, ��-

Actin was expressed in all sources. On the basis of these findings, FaDu was a 

suitable positive control for ��-Actin, ARG1, KRT8 and MCM2 whereas A253 was 

more suitable for LCN1 (Figure 5.2) for the subsequent profiling of tongue 

biopsies.  
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 5.2.2.2 Identification of optimal protein extract amount 

The biopsies are of high value therefore identifying the optimum protein extract 

amount was required to ensure there was sufficient sample to conduct western 

blot analysis for all targets. To identify the optimum amount of material, FaDu and 

A253 cell line extracts were tested at 2.5µg, 5µg, 10µg and 20µg. 

It was identified that 10µg was the optimum amount for each target (Figure 5.3). 

ARG1, at protein amounts of 2.5µg and 5µg produced very faint bands and 10µg 

produced a band with a higher intensity than 20µg. 

For KRT8, at protein amounts of 2.5µg and 5µg produced much fainter sets of 

bands compared to 10µg and 20µg. However, 20µg produced overly strong and 

distorted bands which were merged in some cases therefore 10µg was chosen 

as the ideal protein amount.  

Figure 5.2: Identification of suitable positive controls by testing head and 

neck cell and breast cancer lines.  
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LCN1 also produced fainter bands for 2.5µg and 5µg and with very little difference 

(0.25-fold increase) between 10µg and 20µg therefore 10µg stood out as an 

optimum protein amount.  

For MCM2, no band was produced for 2.5µg and only faint band at 5µg. Despite 

20µg producing a 6-fold higher intensity band, 10µg was still chosen as the 

optimum amount of protein extract to maintain consistency with the four protein 

targets. All data was confirmed through densitometry analysis (Figure 5.4).   

Figure 5.3: Western blot analysis to identify the optimum protein extract amount. 
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A B 

C D 

E 

Figur e 5.4: Quantitative expression of ARG1, KRT8, LCN1, MCM2 and ACTB for 

protein extract amount ranging from 2.5-5µg. 

(A) ARG1, (B) KRT8, (C) LCN1, (D) MCM2 and (E) ��-ACTIN.  
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5.2.2.3 Western blot analysis  

All information regarding isoforms was obtained from Uniprot 

(https://www.uniprot.org/). Band intensity for all targets was measured by 

normalising the raw band intensity value relative to the positive cell line control in 

each blot. 

ARG1 has three theoretical isoforms: PO5089-1 (34kDa), PO50891-2 (35kDa) 

and PO5089-3 (25kDa). On this basis, anti-ARG1 antibody detected isoform 3 at 

25kDa. KRT8 has two isoforms: PO5781-1 (53kDa) and PO5787-2 (56kDa), with 

anti-KRT8 antibody detecting the latter in patient samples but detected additional 

forms in FaDu as described earlier. The theoretical mass of LCN1 (P31025) is 

19kDa but was detected at 41kDa. This is due to the addition of a purification tag 

on the antibody. MCM2 has one isoform; P49736 (101kDa) and was detected at 

100kDa. Cytoplasmic actin (ACTB) was used as control for western blot assay 

but expressed different intensity in all samples. The band intensity ranged from 

0.05 to 1.36 lane intensity volume. Furthermore, there was a band in each blot 

for the control cell line (A253 or FaDu), giving confidence that the experiment had 

been conducted successfully (Figure 5.5). 
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D 

Figure 5.5: Western blot analysis of ARG1, KRT8, LCN1, MCM2 and ACTB. 

(A) Non-smoker males, (B) smoker males, (C) non-smoker females and (D) smoker 
females. N: Normal, T: Tumour. 
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5.2.2.3.i Densitometry analysis 

Band intensity was determined and normalised relative to the positive control, for 

cross-experiment comparison (see Supplementary Data 8). 

For ARG1, 4 out 5 male patients and 6 out of 8 female patients expressed tumour 

bands with higher intensity when compared to the matched normal, with 2 

matched male patients where it was below the level of detection (Figure 5.6A and 

B). With KRT8 analysis, 5 out of 6 male patients and 6 out 8 female patients 

expressed tumour bands with higher intensity when compared to normal, and 2 

matched male patients where it was below the level of detection (Figure 5.6C and 

D). For LNC1, 5 out of 7 male patients and 6 out of 8 female patients expressed 

a tumour band with higher intensity when compared to normal, with 1 matched 

male patient where it was below the level of detection (Figure 5.6E and F). In the 

case of MCM2 analysis, 3 out of 7 male patients and 5 out of 8 female patients 

expressed a tumour band with a higher intensity when compared to normal, and 

1 matched male plus 1 matched female where it was below the level of detection 

(Figure 5.6G and H). ACTB was detected in all samples but to a varying degree. 

The analysis showed 5 out of 8 male patients and 3 out of 8 female patients 

expressed tumour bands with higher intensity of expression when compared to 

their respective normal sample (Figure 5.6I and J). ACTB is representative of an 

intracellular protein and therefore provides an indication of the cellularity of the 

biopsy, which unsurprisingly is heterogenous due to the presence of tissue 

components such as stroma. 

Samples below level of detection were excluded as the total lane volume 

identified was zero. 
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Figure 5.6: Quantitative expression of ARG1, KRT8, LCN1, MCM2 and ACTB 

normalisation to the cell line control.  

 
(A) ARG1 Male, (B) ARG1 Female, (C) KRT8 Male, (D) KRT8 Female, (E) LCN1 Male, 
(F) LCN1 Female, (G) MCM2 Male, (H) MCM2 Female, (I) ACTB Male and (J) ACTB 
Female. 
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5.2.2.3.ii Statistical analysis 

For male and female, the total number of bands present in each category were 

not sufficient to conduct statistical analysis therefore  comparative analysis of the 

matched pair samples was performed using the Wilcoxon Signed Rank Test. The 

analysis excluded all matched pairs which were below the level of detection. The 

expression of ARG1, KRT8, LCN1 wand MCM2 were significantly higher in the 

tumour samples compared to the normal counterparts (Figure 5.7).  

  A B 

D 
C 

Figure 5.7: Non-parametric test conducted for paired data to show significance 

of expression. 

*: 0.01 
**: 0.001 
***: 0.0001 
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5.2.3 Immunohistochemistry staining of HNSCC tissue microarray 

5.2.3.1 Antibody optimisation 

Head and neck cell lines previously identified as suitable positive controls for 

antibodies (Fadu for ARG1, KRT8 and MCM2 and A253 for LCN1) were used to 

create xenografts to optimise antibody concentration for IHC. Primary antibody 

dilutions of 1:25, 1:50, 1:100 and 1:200 was tested. Dilutions of 1:1000 and 

1:2000 produced weak to no immunolabelling for ARG1, LCN1 and MCM2, 

whereas KRT8 also produced weak immunolabelling with 1:200, but good 

immunolabelling at 1:100 (data not shown). Dilutions of 1:25 in each case 

produced intense immunolabelling which prevented the detection of discrete 

cellular features. Therefore, a 1:50 dilution factor was optimal for ARG1, LCN1 

and MCM2 and 1:100 dilution factor was preferred for KRT8. Cytoplasmic 

immunolabelling was detected for ARG1, KRT8 and LCN1 whilst MCM2 was 

observed in the nucleus (Figure 5.8A-H). 
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Figure 5.8: Xenograft staining with optimum antibody concentration. 

. Antibodies previously used for western blot analysis were optimised again for 
IHC using Fadu and A253 xenograft models. (A) ARG1 positive staining with 1:50 
dilution, (B) ARG1 negative staining, (C) KRT8 positive staining with 1:100 
dilution, (D) KRT8 negative staining, (E) LCN1 positive staining with 1:50 dilution, 
(F) LCN1 negative staining, (G) MCM2 positive staining and (H) MCM2 negative 
staining. White arrow: cytoplasmic staining and black arrow: nucleic staining. Bar 
length 100µM. 

A B 

C D 

E F 

G H 
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5.2.3.2 Tissue microarray 

For IHC analysis of HNSCC tissues, a total of 2 x 80 cored sections in a 

commercial array comprising 130 male and 30 female samples, with an age 

range of 15-90 years, were used (Figure 5.9). The two TMAs included samples 

from different malignant anatomical sites which included bucca cavioris (1 

sample), cheek (5), epiglottis (1), gingiva (6), glottis (1), hypopharynx (1), larynx 

(69), lip (3), lymph node (8), maxillary sinus (4), nose (7), oral cavity (13), parotid 

gland (4), salivary gland (1), submandibular gland (2), sublingual gland (2) and 

tongue (31) for the malignant cores as well as examples of normal cores from the 

larynx (4), salivary gland (1), submandibular gland (1), sublingual gland (1) and 

tongue (13). The number of cores per stage also varied as Stage I (8), Stage II 

(46), Stage III (40) and Stage IV (27). 
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A 

B 

Figure 5.9: HNSCC TMA layout. 

Accessed from Biomax (US). 
 
TMA (A) HN802c and (B) HN803f were used for IHC staining against ARG1, 
KRT8, LCN1 and MCM2.  
 
Colour coding: 
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One of each TMA (HN802C and HN803F) was assigned to each target thus a 

total of 140 representative malignant sample cores and 20 normal samples were 

analysed with immunological staining (Table 5.4).  

Table 5.4: TMA for each protein target. 

 

Each sample core was scored blindly by two scientists (myself as analyst 1 and 

Mr. Peter Jackson FIBMS MPhil (Chief Biomedical Scientific Officer, Leeds 

Teaching Hospital Trust and part-time lecturer in histopathology, UoB) as analyst 

2) using the quick-score method which included proportion of positively stained 

cells as 0 = no immunolabelling, 1 = 0-4% immunolabelling, 2= 5-19% 

immunolabelling, 3= 20-39% immunolabelling, 4 = 40-59% immunolabelling, 5 = 

60-79% immunolabelling and 6 = 80-100% immunolabelling. Average intensity of 

staining was also scored as 0 = negative, 1 = weak, 2 = intermediate and 3 = 

strong. Initial results indicated that expression levels within the cores was 

generally low to almost non-existent. Therefore, the total of number of positive 

cores identify by each analyst for each TMA was assessed and indicated a high 

consistency in the interpretation of staining (Figure 5.10). 

  

Prot ein Target  TMA HN802C TMA HN803F 
ARG1 TIS03 TIS04 
KRT8 TIS01 TIS02 
LCN1 TIS07 TIS08 
MCM2 TIS05 TIS06 

Figure 5.10: Total number of positive cores identified by the two analysts for each 

TMA per protein target. 
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Due to low number of positive immunolabelling, the results for both TMAs for 

each protein target were combined. From the blind scoring conducted by analyst 

1, 12 cores were spoiled (damaged during preparation therefore unable to image 

and score) and a total of 47 were recorded as positive for all target proteins 

(ranging from 1-5 on proportion of immunolabelling and 1-3 on intensity) and 

analyst 2 also identified 12 unrepresentative cores but 55 as positive (Table 5.5 

and 5.6). Furthermore, margins of inter-operational error between the analyst 1 

and analyst 2 was not conducted, which would have strengthened the findings.  

 

Table 5.5: Summary of blind-assessed data for proportion of positive cells. 

 

  
 

 

 Table 5.6: Summary of blind-assessed data for immunolabelling intensity. 

   

 ARG1 KRT8 LCN1 MCM2 

         

P
ro

po
rt

io
n 

of
 p

os
iti

ve
 

ce
lls

 

X 3 3 4 4 2 2 3 3 
0 132 137 100 97 134 137 137 132 
1 3 6 15 16 0 2 0 5 
2 0 2 6 7 2 2 0 0 
3 1 1 2 2 2 3 0 0 
4 1 1 5 6 1 0 0 0 
5 0 0 5 5 1 2 0 0 
6 0 0 3 3 0 0 0 0 

 
 

ARG1 KRT8 LCN1 MCM2 

         

S
ta

in
 

in
te

ns
ity

 

Weak 5 8 8 9 6 8 0 5 

Intermediate 0 2 18 18 0 1 0 0 

Strong 0 0 8 9 0 0 0 0 

Blue = Analyst 1, Purple = Analyst 2 assessment.  
X= Spoiled or unrepresentative core.  

Blue = Analyst 1 assessment, Purple = Analyst 2 assessment.  
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Data collated from analyst 2 was further analysed for stage, gender and regio-

specific comparison. Alongside of TMAs, positive and negative xenograft controls 

were also stained (Supplementary Data 9). 

ARG1 

A total of 5 positive cores, all with weak intensity (Figure 5.11A-E), were identified 

where 4 were males and 1 was female with age range from 47 to 75 years. From 

the 5 cores, 1 tongue core, 1 oral cavity core and 3 larynx cores were positively 

immunolabelled (Table 5.7). All 20 non-malignant cores were negative (Figure 

5.12).  

  

B 

A 
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E 

Figure 5.11: Example of weak ARG1 staining. 

(A) Female stage 1 oral cavity, (B) Male stage 1 larynx, (C) Male stage 2 larynx, 
(D) Male stage 4 larynx, and (E) Male stage 3 tongue. Bar length 100µM (images 
on left side) and 10µM (images on right side). 
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Table 5.7: Summary of the stained positive samples for ARG1. 

Anatomical site  Age Gender  Stage  
Proportion of 

positivity  
Stain 

intensity  
Oral cavity  75 F 1 1 1 

Larynx  58 M 1 1 1 
Larynx  47 M 2 3 1 
Larynx  74 M 4 4 1 
Tongue  64 M 3 1 1 

 

 

 

 

 

 

 

 

KRT8 

KRT8 provided the most encouraging IHC results of the targets evaluated, with a 

total of 36 positive cores exhibiting weak, intermediate and strong intensity 

(Figure 5.13A-C), out of which 29 were males and 7 were females with age from 

33 to 75 years. Intermediate and strong immunolabelling intensity was also 

identified specifically in glandular cells (Figure 5.14A-B). From the 36 cores, 1 

each of nose, sublingual gland and bucca cavioris core, 2 of maxillary sinus, 

cheek, oral cavity and lymph node cores, 3 of parotid gland cores and 17 larynx 

cores were positively immunolabelled (Table 6.8).  

For the normal tissue, 2 cores were unrepresentative and 15 with negative 

immunolabelling, 1 female larynx and 1 male salivary gland was identified with 

Figure 5.12: Example of negative labelling intensity on a female larynx core. 
Bar length 100µM. 
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weak immunolabelling intensity, and 1 female tongue identified with strong 

positive immunolabelling (Figure 5.15A-B).  

 

  

Figure 5.13: Example of weak, intermediate and strong staining of KRT8. 

(A) Weak stain intensity on male metastatic lymph node, (B) Intermediate 
stain intensity on female cheek with stage 3 HNSCC and (C) Strong stain 
intensity on male tongue with stage 2 HNSCC. Bar length 100µM (images 
on left side) and 10µM (images on right side). 
. 
 

 

 

A 

 B 

 
C 
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Figure 5.14: Specific positive glandular staining of KRT8. 

(A) Intermediate positive staining of female with maxillary sinus (adenoid cystic 
carcinoma) and stage 2 HNSCC. (B) Strong positive staining of male larynx with stage 
4 HNSCC. Bar length 100µM (images on left side) and 10µM (images on right side). 
 
 
 

A 

 B 
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Table 5.8: Summary of the stained positive samples for KRT8. 

Anatomical site  Age Gender  Stage  
Proportion 
of positivity  

Stain 
intensity  

Bucca cavioris  45 M 4 1 2 
Nose 45 F 1 4 1 

Sublingual gland  48 F 4 1 2 
Maxillary sinus  38 F 2 6 1 
Maxillary sinus  57 F 2 1 3 

Lymph node  35 M - 2 2 
Lymph node  48 M - 5 1 

Cheek  69 F 2 1 1 
Cheek  72 F 3 5 2 

Oral cavity  43 M 2 4 2 
Oral cavity  54 M 3 6 2 

Parotid gland  33 M 2 1 2 
Parotid gland  70 M 2 1 3 
Parotid gland  76 M 3 1 2 

Tongue  43 M 2 2 2 
Tongue  40 M 2 1 1 
Tongue  50 M 2 2 3 
Tongue  65 M 3 2 2 
Tongue  46 F 4 1 2 
Larynx  47 M 2 5 1 
Larynx  71 M 2 1 2 
Larynx  75 M 3 3 3 
Larynx  61 M 3 4 1 
Larynx  58 M 3 2 2 
Larynx  50 M 3 2 1 
Larynx  49 M 4 4 3 
Larynx  64 M 4 1 1 
Larynx  50 M 4 4 3 
Larynx  49 M 4 1 3 
Larynx  48 M 4 1 3 
Larynx  60 M 4 1 2 
Larynx  64 M 4 6 2 
Larynx  53 M 4 5 2 
Larynx  47 M 4 3 1 
Larynx  51 M 4 1 2 
Larynx  58 M 4 4 3 

 

  



186 
 

 

 

 

 

 

 

 

 

 

 

 

LCN1 

A total of 6 weak immunolabelled positive cores were identified and were all  

males with age from 21 to 71 years old. From the 6 cores, 2 were larynx and 4 

were lymph node cores positively immunolabelled (Figure 60) (Table 5.9). For the 

20 non-malignant cores, all were negative.  

  

Figure 5.15: Example of positive staining on non-malignant cores for KRT8. 

(A)Intermediate positive staining of 19-year-old female tongue and (B) Strong 
positive staining of 18-year-old female submandibular gland. Bar length 100µM 
(images on left side) and 10µM (images on right side). 
 

A B 

A 



187 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5.16: Examples of weak positive stain intensity for LCN1. 

(A)Positive stain of male larynx with stage 2, (B) Male larynx with stage 4 
HNSCC. (C) Positive stain of lymph nodes with HNSCC metastasis. Bar length 
100µM (images on left side) and 10µM (images on right side). 
 

B 

C 
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Table 5.9: Summary of the stained positive samples for LCN1. 

Anatomical site  Age Gender  Stage  
Proportion of 

positivity  
Stain 

intensity  
Larynx  47 M 2 3 1 
Larynx  28 M 2 3 1 

Lymph node  35 M - 5 1 
Lymph node  71 M - 2 1 
Lymph node  48 M - 2 1 
Lymph node  48 M - 4 1 

 

 

MCM2 

Despite weak, but positive staining of FaDu xenografts, MCM2 was not detected 

on any cores across the two TMAs and therefore further analysis was not 

conducted. 

5.2.4 Saliva as a liquid biopsy 

Saliva is readily accessible biofluid which is produced by salivary glands and has 

close proximity to most oral anatomical feature. Hence, the presence of the 

candidate biomarkers in saliva could provide the potential for continuous 

monitoring and early detection of HNSCC, particularly in smokers. Normal saliva 

(non-malignant) was collected from both male and female aged 18-60, measured 

for protein content followed by SDS-PAGE (Figure 5.17), before analysis by 

western blotting. 

  

 

 

 

 

Figure 5.17: SDS-PAGE of human saliva samples, 10µg per well. 
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5.2.4.1 Western blot analysis 

ARG1 was detected in 3 out of 8 bands, of which one was male and two were 

female samples. KRT8 and MCM2 were not detected in any of the samples, while 

LCN1, a secreted protein, was detected in all samples. Strong ACTB bands were 

detected in 6 out of 8 samples, of which one was male and four were females 

(Figure 5.18).  

 

 

  

Figure 5.18: Western blot analysis of saliva samples. 
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5.3 Discussion  

The aim of verification experiments was to highlight the importance of the 

selected targets among HNSCC patients using independent analytical measures. 

The use of western blot and TMA immunolabelling helped identify the expression 

of ARG1, KRT8, LCN1 and MCM2 between males and females as well as non-

smokers and smokers. There was no immunolabelling evident on the non-

cancerous TMA control which highlights the differentiation in expression between 

tumour and non-cancerous tissue. Further extrapolation in saliva samples 

identified ARG1 and LNC1 potential as non-invasive biomarkers for early 

detection. Western blot analysis identified the increased expression in tumour of 

both genders of 76.9% for ARG1, 84.6% for KRT8, 73.3% for LCN1 and 53.3% 

for MCM2. For IHC, the low number of positive cores for each target made it 

difficult to conduct any further statistical analysis. 

Further study using saliva samples identified ARG1 and LCN1 as potential non-

invasive biomarkers for routine monitoring. Investigating KRT8 and MCM2 in 

saliva of patients with early stages of oral malignancies would be useful, where 

increased levels might manifest due to ECM and cellular disruption. 

5.3.1 ARG1 

The increased expression of ARG1 identified in tumour compared to normal 

during western blot verified the proteomics data. The expression of ARG1 in TMA 

identified 12 positive cores for the blind analysis but was insufficient for statistical 

verification. ARG1 is highly expressed in airways and has increased expression 

during smoking and detection in later stages of HNSCC is known to be a negative 

prognostic factor for overall survival281. However, here in the cases that were 

positive, it was detected in stages 1 and 2, but not in later stages in both males 
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and females. ARG1 was also detected in saliva samples, highlighting its potential 

as a non-invasive biomarker for early detection. 

5.3.2 KRT8 

Keratin 8 belongs to the keratin family and has recently been acknowledged to 

maintaining the structure of cells, KRT8 is reflected as an epithelial marker and 

has been shown to control cellular response to stress. Cigarette smoke interacts 

with cells of the mouth and lungs through the cellularly diverse airway epithelium 

and drives the development of most chronic lung diseases as well as HNSCC297. 

This is supported by the raised expression of KRT8 identified in western blot 

analysis and 36 positive cores in TMA. This also reflects the proteomic data, 

further emphasising the potential of KRT8 as a target. 

5.3.3 LCN1 

Lipocalin-1 belongs to the lipocalin family playing a major role as lipid-binding 

protein in tears. LCN1 has the ability to target potential harmful molecules 

including NOS286. The extensive expression of LCN1 has been recognised in 

tissues and glands including mammary, nasal and saliva reflects. The 

identification of 11 positive cores from patients with HNSCC provides some 

evidence but requires further investigation. However, increased expression of 

tumour biopsies compared to normal by western blotting, reflected the proteomic 

data and provided a positive indicator of the potential of LCN1 as target for 

OTSCC. Furthermore, LCN1 detection in saliva samples, provides promise for 

the development of a non-invasive biomarker for HNSCC. 

5.3.4 MCM2 

DNA replication is fundamental for maintaining cell cycle which reflects in the 

genome stability. Minichromosomal maintenance protein 2, a cancer proliferation 
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biomarker belongs to the MCM family and is an important factor in DNA 

replication initiation. High expression of MCM2 in lungs is associated with 

increased risk of death whereas for smoking-associated OTSCC, increased 

expression was linked with amplified proliferation289. The western blot results 

confirmed the observations from proteomics analysis, but failure to detect MCM2 

in TMA IHC prevented further corroboration.  

5.4 Conclusion  

Although the sample number was small, the data gathered from WB analysis 

appeared to support the proteomic analysis findings which highlighted the 

expression of each protein target in OTSCC as a potential biomarker. The 

possibility of repeating the experiment on more samples or further optimisation of 

the antibody should be taken into consideration to not only confirm if proteomic 

data can be supported by TMA analysis but to allow further verification of the 

potential of ARG1, KRT8, MCM2 and LCN1 as biomarkers of cell tolerance in 

health and disease. 
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6. CHAPTER SIX: FINAL DISCUSSION AND FUTURE WORK  

In 2020, head and neck cancers were ranked as the 8th most common malignancy 

in the UK. Incidence have been rising, especially in young adults, which has led 

to significant morbidity and mortality298,299. The risk factors include chewable 

tobacco, alcohol consumption and HPV. The current management of OTSCC 

include CT/ MRI scanning to assess the tumour load and form the treatment plan 

in a non-invasive and prompt manner, with therapy options including surgery, 

radiation therapy, chemotherapy, immunotherapy and targeted 

therapy.Furthermore, 18F-fluorodeoxyglucose positron emission tomography 

(FDG-PET) is a diagnostic tool used in HNSCC for stage defining and assessing 

treatment response. It has proven to have higher sensitivity and increased 

negative predictive value, contrasted to CT and MRI300. However, the continuous 

need for improved diagnosis and early detection of HNSCC is supported by the 

high number of cases presented late with disease301. The heterogeneous nature 

of cancer and the identified modifications that arise with tumours has again 

highlighted the importance of identifying biomarkers for early detection. 

Only one third of HNSCC patients have an early stage diagnosis and this is 

mainly due to the lack of suitable screening and diagnostic biomarkers302. A 

significant proportion of biomarkers in development have not been introduced into 

clinical practise due to the lack of important features such as high specificity and 

sensitivity, low cost and clinical relevance. 303,304. However, research is still 

devoted to identifying biomarkers which can account for both diagnostic and aid 

increased survival rate. For example, in a recent attempt to detect mutations as 

potential targets TP53 (51%), CDKN2A (25%), CCND1 (24%) and PIK3CA (21%) 

were identified in 92 HNSCC tumour and matched blood samples305. 

Hypermethylation of cytosine-phosphate-guanine (CpG)-rich promoter regions 
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due to gene activation have been reported in early-stage HNSCC306. In another 

study, hypermethylation was also reported in 90% of salivary samples and 72% 

of serum samples307. Furthermore, there is a potential association between 

hypermethylation, age, ethnicity and individuals with a history of compulsive 

tobacco and alcohol consumption308,309. Biomarkers represent important tools 

that can contribute to diagnosis thus are a key element for predicting response to 

treatment and improved survival. Therefore, in this project, the use of mass 

spectrometry, including LC-MS/MS, as tools for identifying biomarkers in HNSCC 

proved to be useful. With this approach, the detection and identification of 

differentially expressed proteins was possible, allowing further investigation. It 

would be useful to gain understanding of the PTMs which represent the 

modifications occurring due to the causative variable. Moreover, fractionation 

strategies allowed deeper study of the tongue proteome, However, the sample 

preparation and extended analysis time proved to be time consuming and costly.  

Thorough STRING analysis provided identification of 11 upregulated pathways 

and 8 downregulated pathways in OTSCC (Figure 6.1). Furthermore, tissue 

expression of the proteins involved in these pathways was also explored (Figure 

6.2). 

Due to the scarce availability of human tissue biopsy material and the importance 

of preserving its usage, restricted sample numbers and size of materials were 

limitations that hindered the analysis. In addition, there is also the possibility that 

the differences in the age range within the samples may have contributed to the 

biological variations observed. An optimised method for protein extraction was 

determined and used for proteomic analysis of matched primary normal and 

tumour tongue biopsies. This approach proved to be useful in allowing the 

stratification of proteins, which are differentially expressed in smoker tumours in 
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comparison to non-smoker tumours. Additionally, smokers and ex-smokers were 

put in the same category due to the limited sample numbers and also due to the 

diagnosis of the cancer identified as �µ�V�P�R�N�L�Q�J�¶����Due to pooling of the samples, 

this may have been an issue in identifying specific protein targets between 

smokers and ex-smokers.  
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Figure 6.1: Pathways and proteins identified from proteomic analysis of OTSCC tissue biopsies. 

Smoking related pathways include arginine and proline metabolism, DNA unwinding, developmental biology (upregulated), 
cellular response to external stimuli and mitotic anaphase (downregulated). 



 
 

197 
 

 

 

 

 

 

 

 

 

 

 

 

The identification of novel targets enabled for further functional investigation and 

verification as the most promising candidates. ARG1 along with KRT8, LNC1 and 

MCM2 were identified as significantly upregulated proteins in smoker tumour via 

proteomic analysis thus further validated. Biomarker identification methodology 

include the traditional non-targeted shotgun approach along with full MS-scans. 

By taking this approach, the relative quantification of differences between 

proteins in different biological conditions was achieved. However, this approach 

proved to be time consuming. 

Furthermore, histological verification of normal and tumour tissue biopsy should 

have been taken into consideration prior to proteomic analysis to confirm absence 

or presence of tumour within the samples. However, there is some confidence in 

Figure 6.2: STRING software used to identify tissue expression of proteins 

involved in significant pathways identified in OTSCC. 

DD=Downregulated in both non-smoker and smoker, NU= no change in non-
smoker but upregulated in smoker, and UN= upregulated in non-smoker but no 
change in smoker. 
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the sample classification due to the differences seen in protein expression 

between matched normal and tumour biopsy samples.  

Whilst TMA was not successful for some of the targets, the strong 

immunolabelling identified for KRT8 showed that with further optimisation, regio-

specific expression of protein targets can be thoroughly studied. 

Arginine metabolism is one of the mechanisms liable for immune response to 

tumour progression310. The concept of anti-tumour immune response based on 

the usage of ARG1, is timely topic to focus on for approaching HNSCC. 

Proteomic analysis identified arginine and proline metabolism pathway (ARG1, 

OAT, ALDH1B1, ALDH18A1 and PYCR2) as upregulated in smokers only. This 

also helped identify ARG1 as a therapeutic target. Western blot analysis of ARG1 

verified the changes in expression of the biomarkers from both genders where 10 

out of 13 patients expressed a higher tumour band when compared to their 

respective normal. This was supported by a study were ARG1 expression was 

strongly expressed in peripheral blood samples of HNSCC patients. It was 

quantified with qPCR which showed 6.23-fold increase of ARG1, concluding that 

ARG1 pathway is stimulated which results in tumour growth311. Additionally, the 

analysis of 73 primary HNSCC oral samples identified the increased expression 

of ARG1 through gene analysis using RT-qPCR281. Growing knowledge of ARG1 

biological role prompts the idea of therapeutic inhibition of the enzyme. Currently, 

drug candidates being developed as ARG inhibitors are competitive inhibitors for 

both ARG1 and ARG2 and are L-arginine analogs312. The increased activity of L-

arginine led by ARG1 causes neovascularisation and immunosuppression313. 

Arginine metabolised by ARG1 has proven to be a critical component of immune 

response which highlights the importance of ARG1 in HNSCC as a novel field of 

investigation. Through the influence of the tumour on the microenvironment, 
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exploitation of the immune system promotes metastasis and growth of HNSCC. 

This highlights the recent renaissance in the idea of immunotherapy strategies 

for ongoing clinical trials. 

Proteomic analysis identified development biology (KRT7, KRT8, KRT18 and 

KRT19) as a significantly upregulated pathway in smoker only. KRT8 highlighted 

its potential as a therapeutic target during proteomic analysis which was further 

supported by 11 out 13 patients expressing a higher band in tumour than normal 

in Western blot analysis and strong immunolabelling in IHC. In another study, this 

was supported by results obtained at the RNA level which were further confirmed 

by IHC314. Along with the transcriptomic analysis, it was identified that 

overexpression of KRT8 is correlated with poor prognostic factors and outcomes. 

Furthermore, overexpression of KRT8 was also associated with advanced 

disease stage as the protein expression was identified in total cell and membrane 

fractions of late disease314. Certainly, further verification of KRT8 could give 

insight into its ability to modulate cancer progression and promising as a new 

therapeutic option. 

Tissue expression analysis via STRING identified LCN1 as a significantly 

upregulated protein in saliva. The use liquid biopsy highlights the advantages as 

a rapid, precise and non-invasive method. If studied further, it could potentially 

allow additional understanding of the heterogeneity of a tumour by providing 

samples to study genetic and epigenetic alterations in a tumour-cell 

subpopulation. This was supported by Western blot analysis which identified 10 

out of 15 patients with a higher expressed band than normal. A cohort of 515 

HNSCC (oropharynx, tonsil and base of tongue) presented an increased 

expression of LCN1315. This was aligned with a HNSCC survival outcome study64 

and comprehensive genomic characterization of HNSCC study109. 
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Uncontrolled cell cycle and replicative immortality are hallmarks of cancer cells3. 

Previously, overexpression of MCMs have been detected in various cancerous 

tissues thus suggested as a hopeful proliferation marker in cancer. DNA 

unwinding pathway (MCM2, MCM3, MCM4 and MCM6) was identified as 

upregulated in smokers only during proteomic analysis and presented 8 out of 15 

patients with higher intensity bands in tumour compared to the matched normal 

in Western blot analysis. The Gene Expression Omnibus (GEO, 

https://www.ncbi.nlm.nih.gov/geo/) database was used to explore differentially 

expressed genes and pathways for HNSCC. It was identified that MCM2 was 

upregulated in HNSCC but also showed upregulation in HPV-induced HNSCC316. 

Additionally, survival probability of HNSCC was determined by mRNA expression 

of DNA repair protein in 519 HNSCC patients of TGCA dataset using Kaplan-

Meier survival curves and identified the upregulation of MMC2. It was observed 

that the upregulation was positively associated with survival317. Research 

highlights MCM2 employment as biomarker for diagnostic and prognostic 

purpose. 

Overall, developing understanding of HNSCC molecular mechanism is 

fundamental to identify its biomarkers. A variety of molecular markers have been 

mentioned in literature as well as in this study however there is still a need for 

ongoing efforts to generate predictive, stratification biomarkers which will enable 

delivery of the most efficient targeted therapies. 

6.1 Final  conclusion  

The heterogeneity HNSCC development emphasises the importance of finding 

an effective and appropriate method for focused detection at early stages. The 

current experiments showed that a quantitative proteomics strategy could provide 

valuable data on disease stratification, in this instance, differentiating OTSCC into 
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smokers and non-smokers, Elucidation of the proteomic approach for HNSCC 

revealed potential new biomarkers for disease stratification. In particular, ARG1, 

KRT8, LCN1 and MCM2 were prevalent in smoker tumours, whereas in non-

smokers, proteins associated within ECM organisation were stronger. The 

presence of ARG1 and LCN1 in saliva and indicates the potential to develop 

simple, rapid test for early detection. Although immunolabelling was inconclusive 

for ARG1, MCM2 and LNC1, strong labelling of KRT8 in IHC along with proteomic 

analysis and upregulation of MCM2 in proteomic analysis provides a strong focus 

for further verification as biomarkers, and also in understanding the underlining 

mechanisms of HNSCC development. 

Even though, the limited studies conducted in this thesis are a reflection of very 

early stage in the biomarker discovery process, the determination of expression 

changes by two methods demonstrated the importance of using biopsies with 

good clinicopathological data for experimental design, and I believe this approach 

is worth pursuing further. 

6.2 Future work  

This study has provided insights to the robust and versatile use of tissue biopsies 

to source potential protein biomarkers. The thorough information gathered 

through this research has created a strong basis for future studies. For instance, 

ARG1, KRT8, LCN1 and MCM2 can be further evaluated and verified following 

analysis of a larger sample cohort (male and female), A larger cohort will provide 

further control over variables such as age, ethnicity and other health parameters 

i.e., weight to obtain a deeper understanding of the biomarker sensitivity and 

specificity. Additionally,the four markers can also be validated against other 

causative agents such as HPV, betel nut, alcohol etc. This will help identify if the 
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protein targets are specific to one causative agent i.e., smoking, or can be 

generalised to other causes which will aid treatment and potentially towards 

patient-specific therapy as well. Moreover, comparison of matched samples 

(male or female or both) with OTSCC due to different types of smoking i.e., cigars, 

e-cigarettes, snuff, chewing as well as the conventional cigarettes should also be 

assessed in a bottoms-up proteomic approach to identify if the change of 

expression in the identified proteins is specific to cigarettes or whether the data 

can be generalised to different cigarette types. Furthermore, intensive research 

such as meta-analysis, allows the research of combining smaller studies into 

potentially on big study to show an effect or impact of the comparison between 

samples or protein change as well as aid towards the accuracy of the results. An 

example, a meta-analysis-based study focused on OTSCC in young adults and 

conducted a systematic literature review of published studies which focused on 

age at diagnosis and their prognosis. This included a total of 28,288 patients 

(aged >45 years and <45 years) and it was concluded that younger patients with 

oral tongue cancer have better overall survival but a greater risk of recurrence 

than older patients318. This approach can be applied to additional biomarkers, 

such as PLOD1, S100A12, LIMD1 and PPA2, which were also identified in this 

study. 

An encouraging alternative which holds numerous advantages in comparison to 

the traditional methods is liquid biopsy. The invasive collection of bodily fluid for 

evaluate its microenvironment to assess a physiological condition. This approach 

is much less burdensome in comparison to tissue biopsy and generally more 

accessible. Therefore, collection of saliva samples from patients with a smoking 

and non-smoking background would provide insight to see if KRT8 and MCM2 

can be detected along with ARG1 and LCN1 and validate through a quantitative 
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immunoassay such as ELISA. Moreover, if one or more of the protein targets are 

further characterised, focus can be placed on the marker in a timely manner for 

approaching OTSCC research. Comparison of normal vs tumour saliva samples 

will provide more insights into the specificity of the protein markers as a non-

invasive target.  

As discussed throughout this thesis, pipeline of biomarkers can include many 

proteomic based pre-clinical studies to assess and quantify differences between 

proteomes in biological conditions. Candidates identified in these studies must 

be verified by absolute quantification and can often rely on enzyme-linked 

immunosorbent assays (ELISAs) as a large number of samples can be processed 

and are cheap. However, the downfall to this is the generation of antibodies 

against each protein of interest and therefore multiplexing with ELISA can be 

limited. Nevertheless, targeted approach via DIA and MRM-MS assay can aid to 

quantify and also confirm the identification of protein targets to have greater 

sensitivity to the variable of interest i.e., smoking. In a single MRM experiment, 

multi-protein and peptides can be quantified within minutes, emphasising the 

possibility of analysing hundreds of OTSCC samples analysed in a day319.  

The future work described here would significantly compliment the initial research 

in this study, and advances in proteomics-based research will positively impact 

in assisting with research and diagnosis of OTSCC.  
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