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1 Introduction 

Cancer remains a major cause of death worldwide and with an aging population, its 

annual toll of 8.2 million is only expected to increase. In this respect, carcinomas 

can be broadly divided into two groups: metastatic (the principal cause of cancer-

related deaths) and no metastatic [1]. Traditionally, metastasis has been considered 

to occur in later stages of cancer progression; however, accumulating evidence has 

also described metastatic dissemination during early tumor formation [2]. During 

metastasis, disseminating cancer cells escape from primary tumors and acquire 

cellular traits that allow them to travel and colonize distant organs [3].  Cancer can 

be considered a very large and exceptionally heterogeneous family of malignant 

diseases, with squamous cell carcinomas comprising one of the largest subsets. All 

SCC lesions are thought to begin via the repeated, uncontrolled division of cancer 

stem cells of epithelial lineage or characteristics. SCCs arise from squamous cells, 

which are flat cells that line many areas of the body. Accumulation of these cancer 

cells causes a microscopic focus of abnormal cells that are, at least initially, locally 

confined within the specific tissue in which the progenitor cell resided. This 

condition is called squamous cell carcinoma in situ, and it is diagnosed when the 

tumor has not yet penetrated the basement membrane or other delimiting structure 

to invade adjacent tissues [4].  Once the lesion has grown and progressed to the point 

where it has breached, penetrated, and infiltrated adjacent structures, it is referred to 

as "invasive" squamous cell carcinoma. Once a carcinoma becomes invasive, it is 

able to spread to other organs and cause the formation of a metastasis [5, 6]. 

1.1 Squamous cell carcinoma  

SCCs also known as epidermoid carcinomas, comprise a number of different types 

of cancer that result from squamous cells. These cells form the surface of the skin 

and lining of hollow organs in the body and line the respiratory and digestive tracts. 

Common types include:  

https://en.wikipedia.org/wiki/Stem_cells
https://en.wikipedia.org/wiki/Squamous_cell
https://en.wikipedia.org/wiki/Carcinoma_in_situ
https://en.wikipedia.org/wiki/Basement_membrane
https://en.wikipedia.org/wiki/Invasive_%28medical%29
https://en.wikipedia.org/wiki/Cancer
https://en.wikipedia.org/wiki/Squamous_cells
https://en.wikipedia.org/wiki/Skin
https://en.wikipedia.org/wiki/Respiratory_tract
https://en.wikipedia.org/wiki/Digestive_tract
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 Squamous cell skin cancer: A type of skin cancer 

 Squamous-cell carcinoma of the lung: A type of lung cancer 

 Squamous cell thyroid carcinoma: A type of thyroid cancer 

 Esophageal squamous cell carcinoma: A type of esophageal cancer 

 Squamous-cell carcinoma of the vagina: A type of vaginal cancer 

Despite sharing the name "squamous cell carcinoma", the SCCs of different body 

sites can show differences in their presented symptoms, natural history, prognosis, 

and response to treatment.  Human papillomavirus infection has been associated with 

SCCs of the oropharynx, lung, fingers, and anogenital region. Head and neck 

squamous cell carcinoma (HNSCC) is a devastating malignancy that occurs in close 

proximity to vital structures. A projection for the year 2020 estimated that 53,260 

new cases, and 10,750 annual deaths of oral and pharyngeal SCC will occur in the 

US [4-6]. 

1.2 Head and neck cancers 

Head and neck squamous cell carcinoma (HNSCC) is diagnosed in 890,000 patients 

each year worldwide, ranking it as the sixth most common cancer in the world. 

HNSCC is a collection of cancers encompassing the oral cavity, nasopharynx, 

oropharynx, hypopharynx and larynx H&N cancers are the most common cancers in 

developing countries, especially in Southeast Asia. World-wide, the head and neck 

cancers form the sixth most common cancer. Head and neck cancer (HNC) is the 

most common cancer in developing countries. It is the most common cancer of males 

in India and the fifth most common in females [7]. Several studies have described 

HNSCC as an immune suppressive tumor The recent advent of immunotherapy 

showed unprecedented improvement in overall response of advanced stage 

malignancy. Further understanding of HNSCC tumor inflammation can provide the 

https://en.wikipedia.org/wiki/Squamous_cell_skin_cancer
https://en.wikipedia.org/wiki/Skin_cancer
https://en.wikipedia.org/wiki/Squamous-cell_carcinoma_of_the_lung
https://en.wikipedia.org/wiki/Lung_cancer
https://en.wikipedia.org/wiki/Squamous_cell_thyroid_carcinoma
https://en.wikipedia.org/wiki/Thyroid_cancer
https://en.wikipedia.org/wiki/Esophageal_squamous_cell_carcinoma
https://en.wikipedia.org/wiki/Esophageal_cancer
https://en.wikipedia.org/wiki/Squamous-cell_carcinoma_of_the_vagina
https://en.wikipedia.org/wiki/Vaginal_cancer
https://en.wikipedia.org/wiki/Symptom
https://en.wikipedia.org/wiki/Natural_history_of_disease
https://en.wikipedia.org/wiki/Prognosis
https://en.wikipedia.org/wiki/Cancer_treatment
https://en.wikipedia.org/wiki/Human_papillomavirus_infection
https://en.wikipedia.org/wiki/HPV-positive_oropharyngeal_cancer
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basis for tumor stratification according to the underlying immune profile and hence 

may result in better treatment strategies and patient outcomes [8, 9]. 

1.2.1 Etiology  

Cigarette-smoking and alcohol consumption are the main reasons for HNSCC in the 

Western population, whereas the use of smokeless tobacco and areca nut is the most 

common cause of HNSCC in Southeast Asia. The various forms in which smokeless 

tobacco is used in developing countries include khaini, mava, paan (betel quid), 

zarda, snuff, mashiri, etc [10, 11]. Nevertheless, around 5% of patients suffering 

from head and neck cancer are diagnosed before they reach the age of 45 years. The 

incidence in this subgroup appears to be consistently growing, a trend that is in 

contrast to what observed in the general population. This phenomenon seems to be 

mainly linked to an increase of oropharyngeal carcinomas (mainly human papilloma 

virus [HPV]-related) and of the oral cavity (apparently not related to any known 

virus), paralleled by a reduction of laryngeal and hypopharyngeal tumors [1]. 

Betel quid chewing is the most common form of tobacco chewing in the Asia-Pacific 

region. Betel quid consists of areca nut, betel leaf, catechu, and slaked lime. It has 

been reported from many countries like India, Pakistan, Bangladesh, Sri Lanka, 

Thailand, Cambodia, Malaysia, Indonesia, China, Philippines, Taiwan, Vietnam, 

and migrant populations in Europe, Africa, North America, and Australia About 

10% of the world’s population chew betel quid regularly. In one study conducted in 

Southeast Asia, the lower socio-economic groups had higher risk of developing 

HNC [12, 13]. Areca nut alone is a confirmed carcinogen and causally associated 

with a premalignant condition called oral submucous fibrosis (OSMF) and oral 

cancer. It is a chronic, debilitating disease of the aerodigestive tract owing to 

irreversible fibroelastic changes in the lamina propria which lead to stiffness of the 

oral mucosa resulting in progressive trismus. This is uncommon in the Western 
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world due to the rarity of areca nut use. In India alone, 5 million people (0.5% of the 

population of India) have OSMF. The high prevalence of tobacco usage has led to 

increases in disease burden and high health care costs in developing countries. There 

is a high incidence of smoking reported amongst youth from Bangladesh, India, and 

Indonesia. While the incidence of head and neck cancers is decreasing in E The 

buccal (cheek) mucosa is the most common site for oral cancer in South and 

Southeast Asia; in all other regions, the tongue is the most common site Europe and 

North America, it remains unabated in the developing world [13, 14]. The mean age 

of patients at presentation of head and neck cancers is the fifth and early sixth 

decades in Asian populations compared with the seventh and eighth decades in the 

North American population [14]. Regional variations in incidence and the site of 

occurrence relate to the major causes, which are alcohol and smoking in Western 

countries, and betel quid and tobacco chewing in South and Southeast Asia. Oral 

cancer mortality rates are influenced by oral cancer incidence, access to treatment, 

and variations in site distribution [15]. The observed trends in incidence and 

mortality among men and women are closely correlated with the patterns and trends 

in tobacco and alcohol use. An increasing trend in incidence has been reported in 

Karachi, Pakistan, and in Taiwan, China, caused by increases in tobacco and areca 

nut chewing and alcohol drinking (Table 1.1) [16]. 
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Table 1-1. Risk factors associated with oral squamous cell cancer 

 

1.2.2 HUMAN PAPILLOMAVIRUS (HPV)  

The overall prevalence of HPV in HNSCC is around 50%, with the highest 

prevalence in cancers of the tonsil and base of tongue. The rise in HPV-related 

cancers has been mainly attributed to the change in sexual practices in the Western 

world. These patients are younger, predominantly oropharynx involvement, equal 

gender distribution, and have better survival. HPV-16 is the most common type, 

being present in 30.9% of oropharyngeal carcinomas, 16% of oral cancers, and 

16.6% of laryngeal cancers. Prevalence of HPV in oral cancers is similar in Europe 

(16%) and North America (16.1%), but greater in Asia (33%) [16, 17]. 

 HPV-16 was most common, followed by HPV-18 and then cross-infection (16 and 

18); 41% of patients had multiple HPV infections. Lesions of the tongue had the 

highest rate (9 of 11) of HPV infection. Another study showed a rate of HPV 

infections of 56.3% in cancers of the mandible, 37.5% in cheek, and 38.6% in 

maxilla. The study also reported that the advanced stages (III, IV) had higher 

infection rates as compared to earlier stage [11, 18]. 
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Between developed and developing countries, there are not only differences in the 

age, subsite, and habit but also in the molecular biology. The prevalence of the p53 

mutation is common in Europe and USA but rare in India. The recent data show the 

prevalence to be 81% in the Western world. Multiple genetic abnormalities are 

common in head and cancers in India and Southeast Asian [11, 19]. In oral cavity 

SCCs, gender distribution is different according to the age of onset taken into 

consideration: while in the elderly, males represent over 70% of cases, this 

percentage falls to 50-65% under 45 years of age. This difference has increased 

evidence when considering that the majority of non-smokers and non-drinkers young 

patients are females. These epidemiological features may thus represent the 

expression of aetiopathogenic differences distinguishing the young subgroup of 

patients from the elderly [17, 18]. It has been possible to observe a recent reduction 

in the number of smoke-related tumors. Nevertheless, oral cavity SCC, in particular 

of the mobile tongue, as well as those of the oropharynx, appear to have a 

progressively increasing incidence. While in oropharyngeal carcinomas this may be 

explained by an increasing exposure to the HPV, in the oral cavity, a specific 

pathogenic role for viral infections has yet to be demonstrated [11, 20, 21]. This 

involves the secretion of substances to degrade the basement membrane and 

extracellular matrix and also the expression/ suppression of proteins involved in the 

control of motility and migration. The tumor must also initialize angiogenesis, 

without which the tumor would fail to develop, as local diffusion for transport of 

nutrients to and removal of waste products from the tumor site would suffice for 

tumors up to 2 mm in diameter [22].  Once the tumor cell has arrived at a likely point 

of intravasation, it interacts with the endothelial cells by undergoing biochemical 

interactions (mediated by carbohydrate locking reactions, which occur weakly but 

quickly) develops adhesion to the endothelial cells to form stronger bonds, and thus 

penetrates the endothelium and the basement membrane; the process of 
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extravasation. The new tumor can then proliferate at this secondary focus [11, 23, 

24]. 

1.2.3  Subtypes  

One method of classifying squamous cell carcinomas is by their appearance under 

microscope. Subtypes may include:  

 Adenoid squamous cell carcinoma (also known as pseudoglandular squamous 

cell carcinoma) is characterized by a tubular microscopic pattern and 

keratinocyte acantholysis.   

 Basaloid squamous cell carcinoma is characterized by a predilection for the 

tongue base.   

 Clear-cell squamous cell carcinoma (also known as clear-cell carcinoma of the 

skin) is characterized by keratinocytes that appear clear as a result of hydropic 

swelling.  

 Signet ring-cell squamous cell carcinoma (occasionally rendered as signet ring-

cell squamous cell carcinoma) is a histological variant characterized by 

concentric rings composed of keratin and large vacuoles corresponding to 

markedly dilated endoplasmic reticulum. These vacuoles grow to such an extent 

that they radically displace the cell nucleus toward the cell membrane, giving the 

cell a distinctive superficial resemblance to a "signet ring" when viewed under a 

microscope.  

 Spindle-cell squamous cell carcinoma (also known as spindle-cell carcinoma) is 

a subtype characterized by spindle-shaped atypical cells [13, 22, 25] 

1.2.4 Prevention 

Studies have found evidences for an association between diet and skin cancers, 

including SCC. The consumption of high-fat dairy foods increases SCC tumor risk 

https://en.wikipedia.org/wiki/Histology
https://en.wikipedia.org/wiki/Histology
https://en.wikipedia.org/wiki/Keratinocyte
https://en.wikipedia.org/wiki/Acantholysis
https://en.wikipedia.org/wiki/Hydropic_swelling
https://en.wikipedia.org/wiki/Hydropic_swelling
https://en.wikipedia.org/wiki/Vacuole
https://en.wikipedia.org/wiki/Endoplasmic_reticulum
https://en.wikipedia.org/wiki/Cell_%28biology%29
https://en.wikipedia.org/wiki/Cell_nucleus
https://en.wikipedia.org/wiki/Microscope
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in people with previous skin cancer. Green leafy vegetables may help prevent 

development of subsequent SCC and multiple studies found that raw vegetables, 

citrus fruits and non-citrus fruits are significantly protective against SSC risk. On 

the other hand, consumption of whole milk, yogurt, and cheese may increase SCC 

risk in susceptible people in addition, meat and fat dietary pattern can increase the 

risk of SCC in people without a history of SCC, but the association is again more 

prominent in people with a history of skin cancer. Tobacco smoking and a dietary 

pattern characterized by high beer and liquor intake also increase the risk of SCC 

significantly [22-25]. 

1.2.5 Presentation 

Most head and neck cancers present with symptoms from the primary site for 

example, hoarseness, difficulty in swallowing, or pain in the ear. Enlargement of a 

cervical lymph node as the first presenting feature is not uncommon, particularly 

with certain “silent” sites the tongue base, supraglottis, and nasopharynx. Systemic 

metastases are uncommon at presentation (10%); however, synchronous or 

metachronous tumors of the upper aerodigestive tract occur in 10-15% of patients. 

Guidelines have been written for general medical and dental practitioners for 

referring patients with suspected malignancies of the head and neck, and most head 

and neck units have an open access clinic to see these patients urgently (Figure 

1.1,1.2, and 1.3) [25, 26]. 
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Figure 1-1. OSCC cases presented with indurated and ulcerated lesion on lateral border of tongue 

  

Figure 1-2. OSCC cases presented as tumoral mass in soft palate and retromolar  

  

Figure 1-3. OSCC cases presented as verruciform pattern 
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1.3 Screening and early diagnosis 

Early detection should be a priority, given the excellent prognosis of early-stage 

disease compared with the poor results in advanced stages. Screening is most cost 

effective when targeted at high-risk groups, for example, heavy drinkers and 

smokers [27]. A quick diagnosis is crucial to control a possible malignant 

transformation of oral premalignant diseases and for increasing the overall survival 

rate of the patients. Numerous techniques and methods like scraping the surface of 

the lesion analyzing the cytological characteristics of the oral premalignant lesions 

are essential for doing the right diagnosis. Nowadays, though the current standard of 

performing diagnosis in oral pathology is related to incisional biopsy with histology, 

this method is painful for patients and involves a delay in the diagnosis, although 

histology is fully done [27]. Primary and metastatic tumors are complex ecosystems 

composed of neoplastic cells, extracellular matrix (ECM), and “accessory” 

nonneoplastic cells, which include resident mesenchymal support cells, endothelial 

cells, and infiltrated inflammatory immune cells. Cross-talk between cancer cells 

and accessory cells fuels and shapes tumor development. During tumor formation, 

the tissue architecture evolves into a highly specialized microenvironment 

characterized by a corrupted ECM and chronic inflammation [28]. 

Cancer-associated inflammation, which is present at different stages of 

tumorigenesis, contributes to genomic instability, epigenetic modification, induction 

of cancer cell proliferation, enhancement of cancer anti-apoptotic pathways, 

stimulation of angiogenesis, and, eventually, cancer dissemination. Studies during 

the last two decades have demonstrated that inflammatory immune cells are essential 

players of cancer-related inflammation. Efforts have focused on understanding how 

immune cells impact tumor fate in different stages of disease: early neoplastic 

transformation, clinically detected tumors, metastatic dissemination, and therapeutic 

intervention [29]. 
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1.4 Immune system challenges 

An effective immune system must be able to interpret changes in the world around 

it and respond appropriately. To do this, it has to solve a number of specific 

problems. 

1.4.1 Immune system Discrimination 

Immune systems have an uneasy relationship with the environment. Most of the time 

an encounter with something new is harmless, but the small fraction of times that it 

is not can be very dangerous indeed. An effective immune system must be able to 

discriminate such differences, distinguishing self from non-self and distinguishing 

harmless non-self from dangerous non-self. For much of the 20th Century, research 

in immunology was focused on understanding how it achieved the former. It was 

spurred by an important early observation: that it was possible for animals to develop 

specific immune reactions against chemicals such as dyes, which had never existed 

in Nature. The ability to learn how to recognize these previously unknown structures 

implied that the immune system had solved the problem of how to classify and recall 

the shapes of individual molecules. Unravelling the biological machinery that 

achieves this was a signature achievement of 20th Century immunology. This 

remarkable flexibility underlines the fact that the immune system interrogates the 

fundamental building blocks of the environment. A process of recognition at a near 

molecular scale allows the immune system to exploit the fact that all organisms are 

defined by proteins encoded in their genes. As part of a defense against a potentially 

dangerous environment, each individual develops their own unique immune system, 

which acknowledges only itself. Everything finally that is not recognized might be 

a threat [30, 31] 
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1.4.2 Immune system Flexibility 

The immune system's ability to adapt flexibly to strange environmental changes is 

critical in fighting infections and cancer. Because our bodies have a remarkable 

capacity for renewal, and almost every cell is a factory working day and night to turn 

over worn out molecules, breaking them down into building blocks that are reused 

to make replacements, infection or cancer can arise at any time. Every time a cell 

divides, there is a small chance that it may develop a random unpredictable mutation 

that will transform it into a cancer. Infections reproduce much more rapidly than 

their hosts and can change their appearance to allow them to evade recognition. An 

effective immune system must cope with this unpredictability [32]. It can picture 

this as an ongoing evolution of the environment and it presents a special challenge 

for an immune system. In contrast with most organs, such as the heart, which does 

the same job throughout life, the immune system needs to adapt to an environment 

that is always changing. This problem is solved by investing in strategies that exploit 

the power of random change itself. Using randomness in this way creates waste, but 

preserves responsiveness. Even identical twins, which share the same genes, have 

immune systems that become increasingly different from each other from birth to 

old age, as each twin independently makes hundreds of thousands of unique random 

responses to the environment. Our immune system is made up of both individual 

cells and proteins as well as entire organs and organ systems. The organs of the 

immune system include skin and mucous membranes, and the organs of the 

lymphatic system too. skin and mucous membranes are the first line of defense 

against germs entering from outside the body. They act as a physical barrier with 

support from the following: 

 Antibacterial substances can kill germs right from the start. A certain enzyme 

found in saliva, the airways and tear fluid destroys the cell walls of bacteria. 

https://www.ncbi.nlm.nih.gov/books/n/pmh_iqwig/glossary/def-item/def93/
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 Mucus in the bronchi helps trap many of the germs we breathe in so they can be 

moved out of the airways by hair-like structures called cilia. 

 Stomach acid stops most of the germs that enter the body in the food we eat. 

 Harmless bacteria on our skin and many of the mucous membranes in our body 

also act as part of the immune system [32-34]. 

In addition, the reflexes that cause us to cough and sneeze help to free our airways 

of germs. The lymphatic system is composed of: 

 Primary lymphoid organs: These organs include the bone marrow and the thymus. 

They create special immune system cells called lymphocytes. 

 Secondary lymphoid organs: These organs include the lymph nodes, the spleen, 

the tonsils and certain tissue in various mucous membrane layers in the body (for 

instance in the bowel). It is in these organs where the cells of the immune system 

do their actual job of fighting off germs and foreign substances.  

1.4.3 Memory cells  

One of the most significant features of the immune response is its ability to retain a 

memory of previous infections. This both protects individuals from reinfection and 

limits the spread of infection in a community. Immune memory can be very long-

lasting; when adults were studied, their memory for the measles infection was 

decaying so slowly, it would have taken over 3000 years to decrease by half. This 

goes well beyond life-long protection. These robust durable changes are the reason 

that, when we vaccinate, the protection this produces delivers long-term benefits. 

Within an individual, immune memory must be distributed throughout the body. 

Circulating antibodies travel in the blood, reaching everywhere the circulation does; 

memory also develops outside the bloodstream within tissues. Killer cells can remain 

on guard where the immune defenses broke down in the past, alert but not activated, 

ready to attack rapidly if reinfection occurs [35]. 

https://www.ncbi.nlm.nih.gov/books/n/pmh_iqwig/glossary/def-item/def300/
https://www.ncbi.nlm.nih.gov/books/n/pmh_iqwig/glossary/def-item/def93/
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1.4.4 Immune system function 

The immune system is a complex set of cellular, chemical, and soluble protein 

components designed to protect the body against foreign substances, including 

infectious agents and tumor cells, while not responding to self-molecules. Foreign 

or self-molecules (usually proteins or carbohydrates) that evoke specific immune 

responses are referred to as antigens. Immune cells are located throughout the body, 

either in discretely encapsulated organs such as the spleen and thymus or as diffuse 

accumulations of lymphoid and myeloid cells as found in association with the skin 

and gut where they are strategically placed to monitor the entry of foreign 

substances. Optimal function of the immune system requires that immune cells and 

cell products interact with each other in a sequential, regulated manner. The 

distinction between self and non self occurs through complex mechanisms that 

depend upon specific recognition molecules present on the surface of 

immunocompetent cells, in particular, T and B lymphocytes. Autoimmune disease 

occurs when the immune system attacks self-molecules as a result of a breakdown 

of immunologic tolerance to autoreactive immune cells. Nonspecific effector 

mechanisms that complement or amplify the specific T- and B-lymphocyte 

responses are also important in the immune response. These nonspecific entities 

serve as a first line of defense against potential pathogens and include other 

leukocytes such as macrophages, natural killer (NK) cells, and polymorph nuclear 

leukocytes, as well as soluble mediators that include complement and cytokines. A 

number of autoimmune diseases demonstrate characteristic aberrations in cytokine 

production, suggesting that these soluble mediators may play a role in both the 

initiation and pathogenesis of the disease [35-37]. 

All immune systems address and solve these challenges. How mammals achieve this 

complex task is the story of an integrated system of biological processes, often using 

strategies that surprised their discoverers, whose elegance and power continue to 
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provide new insights for students of immunology young and old [35, 36]. The 

immune system uses many different receptors to interrogate the environment. These 

are usually proteins and are found in the blood, in tissue fluids or bound to the cell 

surface. The antibody receptor, also called an immunoglobulin (Ig), was the 

first antigen-specific receptor to be characterized and is commonly drawn as a Y-

shaped cartoon. Antibody research in the first half of the 20th Century focused on 

antibodies that could be purified from serum. Once the amino acids that made up the 

different chains were defined, attention turned to understanding how antibodies were 

produced by individual cells. It was discovered that, for most antibodies, their 

generation depended on co-operation between at least two types of cell: a cell that 

processed and presented targets (antigens) from the environment (antigen-presenting 

cell (APC)) and a lymphocyte that recognized the target antigen on the APC. This 

lymphocyte (now called a T-cell or T-lymphocyte) directed either the production of 

antibodies or killed the cell presenting the antigen. One early idea to explain how T 

cells determined what to respond to was that the immune system only presented 

antigens from infections, but this was wrong. To the surprise of many 

immunologists, studies in the 1980s which defined the receptor molecules on the 

surface of cells that controlled this targeting process revealed that essentially all cells 

presented antigens. A healthy immune system surveys these antigens constantly, but 

this does not provoke a response. This challenges the impression that the immune 

system spends most of its time doing nothing. Quite the opposite: it is constantly 

reviewing the environment, checking whether anything is amiss. The immune 

system has a carefully developed sense of self which it generates through a process 

of education [1, 3]. The T anti-tumor response mediated by the CD4 helper T cells 

and the CD8 cytotoxic cells are regulated by endogenous factors and other cells, 

such as Th17, Treg, MDSCs, etc., that will ultimately result in either a positive anti-

tumor response or an immuno-suppressive response. Prior findings have implicated 
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the role of iNOS/.NO in the regulation and differentiation of those various immune 

cells. For instance, Niedbala et al., the lymphocyte's antigen receptors recognize a 

family of cell-surface molecules on APCs that are collectively known as major 

histocompatibility (MHC) determinants. In humans, these are also called human 

leucocyte antigens (HLAs). These molecules are a combination of material derived 

from the environment (the antigen), bound in the flexible jaws of the MHC molecule 

which hold it in place. The rest of the MHC molecule acts as a scaffold orientating 

the MHC–antigen complexes at a cell's surface where they can be scanned by a 

lymphocyte). In this way, cells display a constantly changing picture of the proteins 

that they are making as antigens loaded into their MHC molecules, and these 

antigens come from inside and around cells. This sampling strategy is effective 

because disguise is very difficult at the molecular level. A bacterial cell makes many 

proteins that do not resemble those made by an animal cell; a cell making a virus 

inside does not look like a normal cell. The immune system is a complex, balanced 

and organic entity. Under normal conditions, cells of the immune system recognize 

foreign antigens and destroy them, while playing a continuous role in immune 

regulation, it is vital to maintain a balanced immune response [32-35, 38]. 

1.4.5 Cancer-related inflammatory conditions 

Since 1863, when Virchow first hypothesized that cancer develops as the product of 

unresolved inflammation, tumor-associated inflammation has been key to shaping 

our modern understanding of cancer progression. Today, it is accepted that chronic 

inflammation is a critical hallmark of cancer, with at least 25% of cancers associated 

with and possible underlying causes include microbial infections, autoimmunity, and 

immune deregulation. For example, human papilloma viruses (HPVs) induce 

inflammation and are responsible for 90%–100% of all cervical cancers Similarly, 

chronic infection with Helicobacter pylori elevates the risk for gastric cancer. In 
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addition, the immune deregulation seen in inflammatory bowel disease increases 

colorectal cancer incidence. The nonhuman form of sialic acid N-

glycolylneuroaminic acid (Neu5Gc) in red meat can be incorporated into human 

tissue and recruit inflammatory cells. In this sense, diet may play a causal role in 

induction of cancer-associated inflammation. Importantly, tobacco and obesity, both 

of which induce low-grade inflammation, give rise to elevated risks of cancer; this 

evidence suggests that the majority of cancers is associated with unresolved 

inflammation [39-41]. While chronic inflammation has an important role in cancer, 

less is known about the impact of acute inflammation on tumor progression. For 

example, inducing acute inflammation locally in the bladder with a vaccine 

containing an attenuated Mycobacterium bovis strain successfully treats squamous 

cancer of the bladder [42]. Hence, with the infiltration of leukocytes and subsequent 

inflammation, the impact from inflammatory mediators can both initiate and, in 

certain cases, eliminate tumor cells and prevent tumor development. This dual role 

of inflammation also becomes evident in the clinic, where immunodeficient patients 

are more often diagnosed with cancer [43]. Whether or not inflammation is a cause 

or a consequence, the tumor microenvironment (TME) is compromised, triggering 

an immune inflammatory response, and histopathological analyses provide evidence 

for the presence of innate and adaptive immune cells in most human tumors, which 

are characterized as features of cancer progression [44]. 

1.5 Role of inflammatory cells during cancer progression 

The presence of tumor-associated inflammatory cells (Figure 1.4) in tumors raises 

an important question, which is one of the most important challenges in oncology:  

How do cancer cells avoid destruction by the immune system? since inflammatory 

cells were first observed in human tumors, much effort has been invested in better 

understanding the complex role of inflammatory cells in carcinomas. It is currently 

accepted that an aberrant innate and adaptive immune response contributes to 
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tumorigenesis by selecting aggressive clones, inducing immunosuppression, and 

stimulating cancer cell proliferation and metastasis [45]. 

 

 

 

Figure 1-4. Tumor-associated inflammatory cells 

During the early stages of tumor development, cytotoxic immune cells such as 

natural killer (NK) and CD8+ T cells recognize and eliminate the more immunogenic 

cancer cells. This first phase of elimination selects the proliferation of cancer cell 

variants that are less immunogenic and therefore invisible to immune detection. As 
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the neoplastic tissue evolves to a clinically detectable tumor, different subsets of 

inflammatory cells impact tumor fate. For example, high levels of tumor-infiltrated 

T cells correlate with good prognosis in many solid cancers [46]. on the other hand, 

high levels of macrophage infiltration correlate with a worse prognosis [48].  

Macrophages are innate immune cells that differentiate from circulating classical 

monocytes after extravasation into tissues. Upon differentiation, macrophages are 

equipped to sense and respond to infections and tissue injuries, playing a key role in 

tissue homeostasis and repair. As crucial drivers of chronic cancer-associated 

inflammation, their involvement has been described in every step of cancer 

progression, from early neoplastic transformation throughout metastatic progression 

to therapy resistance. In oncological patients and preclinical experimental models, 

high-grade tumor-associated macrophages (TAMs) correlate with poor prognosis 

and reduced overall survival [48, 49]. 
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Figure 1-5. Oncological patients and preclinical experimental models 

 

Similar to other tumor-associated immune cells, TAMs have been described mostly 

in primary tumors. However, understanding the roles of macrophages as promoters 

or inhibitors in the metastatic cascade and their role in metastasis is a growing field. 

In xenograft models of breast cancer, TAMs regulate invasion of stroma and 

intravasation of cancer cells via cell contact-mediated signaling [50]. Neutrophils 

are recognized as key players during inflammation. They are among the first immune 

cells to be recruited to damaged tissue, where they can eliminate pathogens and 

modulate inflammation by mechanisms such as phagocytosis, secretion of 

antibacterial proteins, deposit of neutrophil extracellular traps (NETs), and 

exocytosis of protease-containing granules. In cancer patients, high levels of tumor-

associated neutrophils (TANs), high levels of neutrophilia, and/or high 

neutrophil/lymphocyte ratios have been associated with an adverse prognosis in 

different malignances. Similar to the M1/M2 phenotype of macrophages, it has been 

proposed that TANs exist in two polarization states, called “N1” and “N2,” to 

describe protumor and anti-tumor populations, respectively. This paradigm is still a 

matter of debate due to the lack of specific markers to identify these two populations. 

However, it is clear that TANs display functional heterogeneity. The recruitment of 
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TANs to the TME is thought be mediated mainly by CXCR2 ligands such as 

CXCL1, CXCL2 and CXCL5, secreted by cancer and stromal cells; TGF-β has also 

been associated with recruitment and reprogramming to protumor TANs [51, 52]. 

T cells are components of the adaptive immune system that act as orchestrators and 

effectors of immunity. Depending on the immunological context, T cells can acquire 

functional and effector phenotypes whose activity has direct inflammatory or anti-

inflammatory consequences [53]. During the early stages of tumor initiation, if 

enough immunogenic antigens are produced, naïve T cells will be primed in the 

draining lymph nodes, followed by their concomitant activation and migration to the 

TME. From there, they mount a protective effector immune response, eliminating 

immunogenic cancer cells. Histopathological analyses of human tumors show that 

tumor-associated T cells extend beyond the invasive edge of the tumor and also 

predominate in its hypoxic core. A high level of T-cell infiltration in tumors is 

associated with a favorable prognosis in melanoma and breast, lung, ovarian, 

colorectal, renal, prostate, and cancer. Upon activation in the germinal centers in 

lymphoid organs, B cells expressing high-affinity antibodies differentiate into 

antibody-secreting plasma cells and memory B cells that mediate humoral immunity 

against pathogens [54]. Although, the presence of B cells in the TME has been 

described in different carcinomas (including melanoma and breast, ovarian, and 

prostate cancer, among others the role of B cells in cancer progression is much less 

understood than that of T cells. Accumulating evidence indicates that B cells 

promote and support tumor growth; for example, using a transgenic mouse model of 

epithelial carcinogenesis, Coussens and colleagues demonstrated that the lack of 

mature B cells decreases tumor progression. Notably, the adoptive transfer of B cells 

restores chronic inflammation, angiogenesis, and tumor growth. Different 

mechanisms have been described to explain the protumor role of B cells, from 

immunosuppression via secretion of IL-10 and TGFβ) to direct stimulation of tumor 
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cell proliferation by B-cell-derived IL-35 in human pancreatic neoplasia and Kras-

driven pancreatic neoplasms in mice [56]. 

1.6 P53 

The p53 gene like the Rb gene, is a tumor suppressor gene, i.e., its activity stops the 

formation of Tumor protein P53, also known as p53, cellular tumor 

antigen p53 (UniProt name), the Guardian of the Genome, phosphoprotein 

p53, tumor suppressor p53, antigen NY-CO-13, or transformation-related protein 53 

(TRP53), is any isoform of a protein encoded by homologous genes in various 

organisms, such as TP53 (humans) and Trp53 (mice). This homolog (originally 

thought to be, and often spoken of as, a single protein) is crucial in vertebrates, where 

it prevents cancer formation As such, p53 has been described as "the guardian of 

the genome" because of its role in conserving stability by preventing genome 

mutation. Hence TP53is classified as a tumor suppressor gene.  The name p53 was 

given in 1979 describing the apparent molecular mass; SDS-PAGE analysis 

indicates that it is a 53-kilodalton (kDa) protein. However, the actual mass of the 

full-length p53 protein (p53α) based on the sum of masses of the amino acid residues 

is only 43.7 kDa. This difference is due to the high number of proline residues in the 

protein, which slow its migration on SDS-PAGE, thus making it appear heavier than 

it actually is. In addition to the full-length protein, the human TP53 gene encodes at 

least 15 protein isoforms, ranging in size from 3.5 to 43.7 kDa. All these p53 proteins 

are called the p53 isoforms. The TP53 gene is the most frequently mutated gene 

(>50%) in human cancer, indicating that the TP53 gene plays a crucial role in 

preventing cancer formation. TP53 gene encodes proteins that bind to DNA and 

regulate gene expression to prevent mutations of the genome tumors. If a person 

inherits only one functional copy of the p53 gene from their parents, they are 

predisposed to cancer and usually develop several independent tumors in a variety 

of tissues in early adulthood. This condition is rare, and is known as Li-Fraumeni 

https://en.wikipedia.org/wiki/Tumor_antigen
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syndrome. However, mutations in p53 are found in most tumor types, and so 

contribute to the complex network of molecular events leading to tumor formation 

[57, 58]. The p53 gene has been mapped to chromosome 17. In the cell, p53 protein 

binds DNA, which in turn stimulates another gene to produce a protein called p21 

that interacts with a cell division-stimulating protein (cdk2). When p21 is complexed 

with cdk2 the cell cannot pass through to the next stage of cell division. Mutant p53 

can no longer bind DNA in an effective way, and as a consequence the p21 protein 

is not made available to act as the 'stop signal' for cell division. Thus cells divide 

uncontrollably, and form tumors. Help with unraveling the molecular mechanisms 

of cancerous growth has come from the use of mice as models for human cancer, in 

which powerful 'gene knockout' techniques can be used. The amount of information 

that exists on all aspects of p53 normal function and mutant expression in human 

cancers is now vast, reflecting its key role in the pathogenesis of human cancers. It 

is clear that p53 is just one component of a network of events that culminate in tumor 

formation [59, 60]. Cells are constantly exposed to a variety of cellular stresses such 

as DNA damage. These cellular stresses finally introduce the genomic aberrations 

including mutation, deletion and/or translocation into the cellular genome and 

thereby induce the genomic instability. Accumulation of the genomic aberrations 

often results in the development of cancers, Therefore, a proper stress response is 

required to maintain the genomic integrity and protect cells from malignant 

transformation. 

In humans, a common polymorphism involves the substitution of an arginine for 

a proline at codon position 72 of exon 4. Many studies have investigated a genetic 

link between this variation and cancer susceptibility; however, the results have been 

controversial. For instance, a meta-analysis from 2009 failed to show a link for 

cervical cancer. A 2011 study found that the TP53 proline mutation did have a 

profound effect on pancreatic cancer risk among males. A study of Arab women 

https://en.wikipedia.org/wiki/Polymorphism_(biology)
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found that proline homozygosity at TP53 codon 72 is associated with a decreased 

risk for breast cancer. One study suggested that TP53 codon 72 

polymorphisms, MDM2 SNP309, and A2164G may collectively be associated with 

non-oropharyngeal cancer susceptibility and that MDM2 SNP309 in combination 

with TP53 codon 72 may accelerate the development of non-oropharyngeal cancer 

in women. A 2011 study found that TP53 codon 72 polymorphism was associated 

with an increased risk of lung cancer [59-61].  Meta-analyses from 2011 found no 

significant associations between TP53 codon 72 polymorphisms and both colorectal 

cancer risk and endometrial cancer risk. A 2011 study of a Brazilian birth cohort 

found an association between the non-mutant arginine TP53 and individuals without 

a family history of cancer. Another 2011 study found that the p53 homozygous 

(Pro/Pro) genotype was associated with a significantly increased risk for renal cell 

carcinoma [62, 63]. Due to the isoformic nature of p53 proteins, there have been 

several sources of evidence showing that mutations within the TP53 gene giving rise 

to mutated isoforms are causative agents of various cancer phenotypes, from mild to 

severe, due to single mutation in the TP53 . Tumors evolve through genetic and 

epigenetic changes that modify fundamental cellular programs of growth and 

proliferation, followed by selection of reprogrammed cells that best adapt to a 

variety of suboptimal or challenging conditions they encounter, either transiently or 

durably, during progression. The most frequently altered gene in human tumors 

is TP53encoding the p53 protein. TP53 mutations are associated with adverse 

prognosis in many sporadic cancers, moreover germline TP53 mutations are 

causative of the Li Fraumeni syndrome, a rare familial cancer predisposition [64, 

65]. On this basis, specific missense p53 mutants have been reported to subvert 

crucial cellular pathways and to foster cancer cell proliferation and survival, promote 

invasion, migration, metastasis, and chemoresistance. Whereas several mutp53 

neomorphic phenotypes contributing to tumor aggressiveness have been described, 

https://en.wikipedia.org/w/index.php?title=MDM2_SNP309&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=A2164G&action=edit&redlink=1
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our understanding of the mechanisms that determine cellular addiction to mutp53 

expression for cancer maintenance and progression remains incomplete. Part of the 

tumor suppressive activities of wild-type p53 involves its capability to help the cell 

adapt to and survive mild stress conditions, including oxidative and metabolic stress 

.Remarkably, mutp53 becomes stabilized and activated in response to tumor-related 

stress conditions, similar to the wild-type counterpart .Alongside this notion, 

evidence is rising that mutp53 can provide cancer cells with the ability to cope with 

challenging conditions originated during tumorigenesis, including 

hyperproliferation-related DNA damage, oxidative and proteotoxic stress, nutrient 

fluctuations, physical constraints, stromal cues, and the anti-tumor immune response 

[66, 67]. Similar to wild-type p53, whose accumulation and activation are triggered 

by transformation-related stimuli, an array of inputs originated within the altered 

tumor context conspire to induce mutp53 protein stabilization and oncogenic 

functions. During oncogenic transformation the Hsp90 system is frequently hyper-

induced, due to activation of the master transcription factor heat-shock factor-1 

(HSF1) in response to multiple stress conditions .Significantly, high levels of 

oxidative stress—a major inducer of HSF1—are frequently associated with tumor 

growth and were shown to cause mutp53 protein stabilization in vivo .Moreover, 

mutp53 potentiates transcriptional induction of several heat-shock proteins by 

enhancing HSF1 stabilization and activation and participating into HSF1 

transcriptional complexes at Hsp gene promoters ,thus generating a feed-forward 

circuit that sustains mutp53 accumulation [68, 69]. 

Many solid tumors undergo alterations of lipid metabolism, which contribute to 

cancer in multiple ways, e.g. by providing membrane lipids and supporting signaling 

pathways that promote proliferation and survival, EMT, cancer stem cells fate 

determination, and metastatic dissemination. HNSCC is a collection of cancers 

encompassing the oral cavity, nasopharynx, oropharynx, hypopharynx and larynx 
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[70]. The most common genetic aberrations are the overexpression of the epidermal 

growth factor receptor (EGFR) and inhibiting mutations of p53 in 95% and 75-85% 

of non-HPV-related cases respectively. Additionally, the PI3K/AKT/mTOR 

signalling pathway is the most commonly mutated signalling pathway with up to 

62% of HNSCC patients showing activating mutations. The hyperactivation of this 

pathway contributes to increased cell growth, proliferation and cellsurvival as well 

as regulation of apoptosis and DNA damage repair [71, 72].  

Due to the prevalence of p53 mutation, p53 is a frequent topic of many HNSCC 

studies. A large portion of those reports involves the reactivation of p53 which has 

become a promising treatment approach in combination with targeted therapies for 

HNSCC .In addition, p53 is responsible for the transcription activation of many 

genes involved in cell cycle arrest, apoptosis, senescence, DNA repair and 

metabolism .Indeed, activation of p53 occurs when either the cell accumulates too 

much DNA damage, an oncogene is activated, or in case of stressors such as nutrient 

deprivation or hypoxia .Depending on the severity of these activators, the cell will 

undergo different responses such as induction of cell cycle arrest, apoptosis, 

senescence, induction of protective antioxidant activities, DNA repair as well as the 

alteration of the mitochondrial respiration .In cancer cells without functional p53, 

the cell has a deletion in one of the TP53 alleles and a mutated, non-functional form 

of TP53 in the other allele. Consequently, the cell can accumulate additional 

mutations, without resulting in apoptosis or cell cycle arrest for repair, and further 

activate oncogenes that result in oncogenesis [73, 74]. The TP53 gene and its gene 

products control the cell cycle by inducing arrest in response to DNA damage and 

apoptosis if the damage is irreparable Inactivation of TP53 through mutations plays 

a critical role in early cancer development and progression. TP53 is a key tumor 

suppressor and TP53 mutation is the most common genetic change in malignancies, 
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involved in 50% of human cancers as well as up to 70% of head and neck squamous 

cell carcinomas (HNSCC) [75,76]. 

In HNSCC, there are other ways in which p53 is inactivated besides inactivating 

mutations of p53. Based on data acquired from a 243-patientcohort collected by the 

cancer genome atlas the highest percentage of mutations causing p53 inactivation in 

human papilloma virus (HPV) negative HNSCC occurs in TP53 itself (84%) 

followed by CDKN2A (57%) which either contains a homozygous deletion or a 

mutation. A recent computational analysis of the TCGA database revealed that, 

although more or less severe depending on the types of mutations and localization 

of the mutation within the gene, patients with mutated TP53 HNSCC were shown to 

have reduced overall survival. The 8 most common p53 mutations are all located in 

the DNA binding region which can be found between residues 103-292. Among 

these mutants are 2 groups, a group that has mutated the specific residues responsible 

for binding the DNA and a second group that changes the conformation of the DNA 

binding element thereby also preventing DNA binding [77, 78]. Because of the 

frequency and important biologic effects of TP53, it is clear that biomarkers such as 

p53 expression could provide useful clinical information if reliable and reproducible 

correlations with prognosis or treatment response could be demonstrated in large 

homogenous groups of patients. Most recently, we have shown that the immune 

response in the tumor microenvironment as reflected by tumor infiltrating 

lymphocytes (TILs) is a critical factor in predicting prognosis [79]. Because of the 

frequency and important biologic effects of TP53, it is clear that biomarkers such as 

p53 expression could provide useful clinical information if reliable and reproducible 

correlations with prognosis or treatment response could be demonstrated in large 

homogenous groups of patients. It has shown that the immune response in the tumor 

microenvironment as reflected by tumor infiltrating lymphocytes (TILs) is a critical 

factor in predicting prognosis. The role of p53 protein as a neoantigen in the tumor 
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microenvironment is currently unclear and it is unknown if over-expression of p53 

protein can stimulate or suppress this critical cellular immune response. Evidence 

has suggested that p53-mediated responses may be responsible for the recruitment 

of TILs to the tumor microenvironment and can alter the immune response [80, 81]. 

2 Review Articles 

Khadang et al (2007) studied 221 female patients with sporadic breast cancer and 

205 healthy blood donors as control group were evaluated. DNA from peripheral 

blood mononuclear cells was extracted and amplified using allele-specific 

polymerase chain reaction. Frequency of homozygotic arginine at codon 72 was 

37.6% in patients and 36.6% in controls, for homozygotic proline it was 13.1 and 

19.5%, and for heterozygotic Arg/Pro it was 49.3 and 43.9%, respectively. No 

significant difference was found between patients and controls regarding allele 

frequencies. They concluded that mutation in codon 72 of TP53 gene was not 

associated with breast cancer in Iranian patients [82]. Poeta at al. (2007) evaluated 

560 patients with squamous-cell carcinoma of the head and neck who were treated 

surgically with curative intent were enrolled in our prospective multicenter. TP53 

mutations were found in tumors from 224 of 420 patients (53.3%). They also stated 

that disruptive TP53 mutations in tumor DNA are associated with reduced survival 

after surgical treatment of squamous-cell carcinoma of the head and neck [83].  

Ghapanchi et al. (2009) investigated the association of p53 codon 72 polymorphism 

with OLP in Southern Iranian patients. Twenty-five patients with lichen planus and 

93 healthy blood donors as control group were recruited. DNA from peripheral blood 

mononuclear cells was extracted and amplified using allele-specific polymerase 

chain reaction. The frequency of homozygotic arginine (Arg) at codon 72 was 44% 

in the patients and 37.6% in the controls; for homozygotic proline (Pro), it was 24% 

and 15.15%, respectively, and for heterozygotic arginine/proline, it was 32% and 
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47.3%, respectively. They concluded polymorphism in codon 72 of the TP53 gene 

was not associated with the OLP in Iranian patients [84]. Peltonen et al. (2011) 

reported that TP53 mutations in specific regions, including DNA-binding surface, to 

determine whether mutations at specific locations of TP53 could be used to help in 

setting up prognosis and response to therapy of head and neck squamous cell 

carcinoma patients. TP53 mutations in specific regions, including DNA-binding 

surface at specific locations of TP53 could be used to help in setting up prognosis 

and response to therapy of head and neck squamous cell carcinoma patients [85].  

Etemad Moghadam and coworkers (2015) evaluated alterations in p53 and 

p27(KIP1) as important prognostic factor in Iranian oral squamous cell carcinoma. 

p53 and p27(KIP1) expression were found in 28.57% (8 positives versus 20 

negative) and 67.85% (19 positive versus 9 negative) of OSCC cases, respectively. 

There was no significant association between these two proteins (P = 0.371), and 

neither of them showed a significant relationship with the studied clinicopathologic 

variables (P > 0.05).  they reported that abnormalities in p53 and p27 (KIP1) may be 

involved in the development of OSCC [86]. 

Zhuo et al. (2016) study confirmed that mutations of the TP53 tumor suppressor 

gene were the most frequent of all somatic genomic alterations in HNSCC, alluding 

to the importance of the TP53 gene in suppressing the development and progression 

of this disease. Clinically, TP53 mutations are significantly associated with short 

survival time and tumor resistance to radiotherapy and chemotherapy in HNSCC 

patients, which makes the TP53 mutation status a potentially useful molecular factor 

for risk stratification and predictor of clinical response in these patients. In addition 

to loss of wild-type p53 function and the dominant-negative effect on the remaining 

wild-type p53, some p53 mutants often gain oncogenic functions to promote 

tumorigenesis and progression. Different p53 mutants may possess different gain-

of-function properties. Therefore, mutant p53 is not just one protein but actually a 
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variety of proteins that contribute to an exceptionally vast network of tumor-

promoting processes [87]. Kumari et al. (2018) studied the prostate cancer cases. 

Considering the important role of p53 inactivation in cancer development, 

restoration of wild-type p53 function by p53-reactivating compounds developed 

with different approaches, seems to be an attractive therapeutic strategy for prostate 

cancer therapy [88]. Melling et al. (2019) studied p53 inactivation in esophageal 

cancer and reported that heterozygous TP53 deletions occurred in 40.9% in adeno 

carcinoma AC and in 19.4% in SCC. High-level p53 immunostaining was associated 

with shortened overall survival in AC and SCC while TP53 deletions alone showed 

no correlation with survival. High-level p53 immunostaining in patients with AC 

was associated with advanced tumor (P=0.019) and, grading (P=0.027) and the 

resection margin status (P=0.006). Associations between p53 immunostaining and 

SCC were not found. TP53 deletions were found to be associated with advanced 

tumor stages (P=0.028) and the presence of lymph node metastasis (P=0.009) in 

SCC. They concluded strong p53 immunostaining, but not TP53 deletion alone, is 

associated with unfavorable outcomes and may therefore represent a clinically useful 

molecular marker in esophageal cancer [89]. Ziaran and coworkers (2020) analyzed 

the tumor tissues of 224 patients with urinary bladder cancer. They performed a 

histomorphologic analysis and immunohistochemistry for p53, Ki-67, and E-

cadherin, which were selected as markers of the malignant process. They showed a 

relationship between bladder cancer and recurrence with these markers [90]. 

Farnoosh et al. (2021) evaluated several single nucleotide polymorphisms in breast 

cancer susceptibility polymorphisms within genes (STK15, ERRs, ESR1, p53, 

SEP15, AURKA, SHBG, SRC, FAS, VEGF, XRCC1, GST, NFκB1, XPC, XRCC3, 

sirtuin-3, NKG2D). They observed that the signaling pathways and antioxidant 

related genes are the main molecular processes associated with breast cancer 

progression. Further studies on types of polymorphisms in breast cancer could 
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validate the prognostic value of biomarkers [91]. Jamshidi et al. (2021) studied main 

genetic marker among Iranian patients with thyroid cancer. A significant 

relationship was found between SNP in codons 194, 280, and 399 (XRCC1), Allele 

3434 Thr (XRCC7), GC or CC genotype 31, G/C and thyroid cancers [92]. 

3 Material and Method 

3.1 AIM & objectives  

There is a great interest in developing biomarkers and genes efficacy to enhance 

early detection and clinical management of squamous cell carcinoma. However, the 

developmental path towards a clinically valid biomarker remains extremely 

challenging. Ideally, the initial key step in moving discovered pathways towards 

clinical implementation, this study aimed to discover P53 in SCC and recurrent 

cancer. Emerging evidence indicates a potential role of P53in SCC 

immunopathology. We purposed to investigate the effect of this marker in both Scan 

recurrent SCC with the aim of characterizing their potential role in disease 

immunopathology. To the best of our knowledge, this is the first study of its kind. 

3.2 Study Method 

This study was approved by the Ethics Committee of Shiraz University of Medical 

Sciences, Shiraz, Iran. Code #IR.SUMS.DENTAL.REC 1400.09 This study was 

supplied by Institue of Cancer researches of Medical Research of Shiraz University 

of Medical Sciences and desigend and excuded as a cross sectional study 

3.3 Sampling 

This cross sectional study was done in 2021-2022 and comprised patients, diagnosed 

with new-onset SCC and recurrent form by two independent pathologists, and 

healthy individuals without a history of cancer. The entire case group was selected, 

without any limitations in age and gender, from the Namazi, Khalili and Madar Va 
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Kodak Hospital affiliated with the Shiraz University of Medical Sciences. Healthy 

people were randomly selected from those referred to Shiraz dentistry school as 

controls.  A total of 122 patients with SCC (78 primary including 28 females (35.9%) 

and 50 males, (6.1%)) aged 27-88 years (64.57 ±12.6) and 44 recurrent including 22 

males (50%) and 22females (50%) constituted our study population. The healthy 

controls consist of 22 males (55%) and 18 females (45%). The examined subjects 

were categorized regarding age range to 2 subgroups, below 50 and over 50 years. 

The individuals voluntarily agreed to participate in this experiment as a part of a 

large prospective research project and completed the written informed consent form. 

Two pathologists confirmed the diagnosis of oral SCC. Clinical staging of cases was 

determined according to the tumor, node, and metastasis (TNM) staging system of 

the American Joint Committee on Cancer (AJCC).  The histopathological grade of 

oral SCC was determined based on World Health Organization (WHO) criteria. 

Healthy or control group of this study consisted of volunteers whose medical history 

including no active oral ulcer, cancer, thyroid or metabolic disease. The donor health 

status was identified before venipuncture by case history. Every patient who had 

other kinds of oral cancer, thyroid disease, administration of anti-neoplastic 

chemotherapy, radiotherapy, or lichenoid lesions objectively related to exogamic 

agents, drugs or specific materials and allergens were excluded 

3.4 Inclusion and exclusion criteria  

Demographic data plus information regarding chief complaints of all subjects with 

biopsy-proven diagnoses of oral SCC were collected. Both primary tumor and 

recurrent   samples with available Hematoxylin and Eosin (H & E) slides of the 

initial neoplasms were chosen and those with any of the following criteria were 

excluded from the study sample: incomplete medical and contact data, presence of 

a previously diagnosed cancer of any type and in any part of the body, history of 
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radio/chemotherapy prior to the first surgical treatment and specific systemic, or any 

genetic predisposing factors to development of cancer (e.g. Plummer-Vinson 

syndrome, xeroderma pigmentosum, or Li-Fraumeni syndrome). All H&E slides, 

obtained from the pathology archives of the respective clinics or hospital, were re-

evaluated by two oral pathologists using a double-headed microscope (Olympus 

BX51) in order to confirm the initial diagnosis using the world health organization 

specifications [93]. Also, the tumors were graded according to the criteria proposed 

by Bryne et al. [94] and disagreements were resolved by consensus. The inclusion 

and exclusion criteria are listed in Table 3-1. 

Table 3-1. Patient inclusion and exclusion criteria. 

Criteria Description 

Inclusion 

1-Histologically proven squamous cell carcinoma  

2- Resect able tumor  

 

Exclusion 

 

(i) Pregnancy 

(ii) No disposing capacity or expected insufficient compliance 

(iii) Autoimmune disease and  other cancers 

 

The patients with any inflammatory or autoimmune disease were excluded from this 

evaluation. The healthy patients referring to dentistry school were matched by age 

and sex; they should be a non-smoker and fulfilled all exclusion criteria mentioned 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7154967/table/tab2/
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above. Additional to any systemic disease, cancer and chemo or radiotherapy. All 

the research objects were the Iranian people who had no kinship with one another. 

3.5 Sample collection and the procedure 

Written consents were obtained from all participants after explaining the study 

protocol and objectives. Personal information of all patients remained confidential 

and in order to avoid loss of specimens, only paraffin blocks with adequate amount 

of neoplastic tissues were selected and sectioning was kept to a minimum. 

3.6 Staining Procedure 

Immunohistochemical staining procedures were performed according to the 

instructions provided by the manufacturers. In brief, 4-µm thick paraffin sections 

mounted on Poly-L-lysine-coated glass slides were dewaxed in xylene, dehydrated, 

placed in 0.1M citrate buffer (PH: 0.6) and microwaved twice for 15 minutes 

followed by blocking of endogenous peroxidase activity with 0.3% hydrogen 

peroxide in methanol for half an hour. Incubation with monoclonal antibodies 

against p27 (IB4, Novocastra) and p53 (DO-7, Dako SA, Glostrup, Denmark) was 

carried out using dilutions of 1:20 and 1:50, respectively. All sections were then 

treated with avidin-biotin-peroxidase complex followed by immersion in 

diaminobenzidine-H2O2 substrate (5 minutes, room temperature) for chromogen 

development and finally counterstained with hematoxylin. A known p53 positive 

oral SCC specimen were used. Substitution of primary antibody with nonimmune 

serum, served as negative control. 

3.7 Immunohistochemical Analysis 

 Labeling indices of all specimens were determined by two oral and maxillofacial 

pathologists using the abovementioned double-headed microscope without 

knowledge of their clinical features and outcomes. Any possible disagreements 

were resolved by consensus. A minimum of 300 cells in a total of 5 high power 
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fields (HPFs) were counted and cases with > 10% nuclear staining of tumor cells 

were considered positive for p27 [95]. 

 P53 labeling index was calculated by assessing nuclear immunopositivity in 

1000 neoplastic cells in 10 HPFs which was considered positive where there was 

≥ 10% immunostaining [96]. 

3.8 Statistical analysis  

The results were analyzed by SPSS version 22 software. To compare the means of 

number and age between women and men who participated in the study and in the 

case and control groups, chi-square and ANOVA tests were used respectively and 

odd ratio OR, and to compare the means of P53 levels in the case and control groups 

Cox’s proportional hazard regression and hazard ratio: HR was used. Also, 

Spearman correlation test was used to determine the correlation between means of 

P53 in each case and control. Fischer exact test was employed to assess significant 

correlations between the categorical variables. Survival data were evaluated using 

Cox regression analyses and P < 0.05 was considered statistically significant. 

4 Result 

4.1 Patients’ Profile 

Based on the inclusion and exclusion criteria, 178 cases were selected for this study. 

Unfortunately, because of unobtainable paraffin blocks, including those with 

insufficient residual tumor and changes in contact information, 16 cases were lost at 

the initial stage of the investigation; leaving 162 samples for evaluation. A total of 

122 patients with SCC (78 primary including 28 females (35.9%) and 50 males, 

(6.1%)) aged   31-78 years (64.57 ±12.6) and 44 recurrent form including 22 males 

(50%) and 22 females (50%) constituted our study population. The healthy controls 

consist of 22 males (55%) and 18 females (45%). The examined subjects were 
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categorized regarding age range to 2 subgroups below 50 and over 50 years. (Table 

4-1) 

 

Table 4-1. The examined subject below 50 and over 50 years 

  Tissue  

  
primary 

(78=n) 
recurrence 

(44=n) 
p 

Sex Female (9/35 )28 (50 )22 
128/0 

 Male (1/64 )50 (50 )22 

Age under 50 (5/29 )23 (5/20 )9 
276/0 

 over 50 (5/70 )55 (5/79 )35 

There was no significant difference regarding the mean age between male and 

female subjects in case subdivisions as well as cases and controls. (P >0.05). P53 

expression were not seen in controls, on contrast 70 SCC cases (57.4%) showed P53 

expression (P<0.001, OR =107.69) (Table 4-2). 

Table 4-2. P53 expression 

   Gene expression   

   - + OR (95% CI) P 

Tissue control 40 (100 )40 (0 )0  (†0/49-179/6 )69/107 001/0> 

 SCC 122 (6/42 )52 (4/57 )70 

Sex Female 50 (38 )19 (62 )31 (‡51/35-1/0 )72/0 390/0 

 Male 72 (8/45 )33 (2/54 )39 

Age under 50 32 (8/18 )6 (3/81 )26 (††05/07-12/1 )52/4 001/0 

 over 50 90 (1/51 )46 (9/48 )44 

In reviewing the clinical data of the study sample, we found the youngest patients 

(<50 years) had a higher rate of P53 expression (p=0.001. OR=4.52, 95% CI: [1.70-

12.05],). Independent T test did not show a significant correlation regarding gender 

and P53 expression (p=0.39, OR=0.74, 95% CI: [0.35-1.51). (table4-2). Our cases 

were followed for a mean period of 13 months. Regression cox test did not 

demonstrate a significant difference in recurrence rate and P53 expression in both 

males and females, over expressed or under expressed gene cases (P=0.953, 95% 
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CI: 0.48 -2.00, HR=0.98) and age (p=0.223, HR=1.81, 95% CI: [0.70 -4.69]) (Figure 

4-1 and Table4-3). 

Table 4-3. P53 expression in both males and females, over expressed or under expressed gene 

   Recurrence   

   - + HR (95% CI) P 

1.  2. + 3. 61 4. (9/63 )39 5. (1/36 )22 6.  7.  

sex Female 41 (8/48 )20 (2/51 )21 

(‡32/36-1/0 )69/0 263/0 
 

Male 

 
63 (73 )46 (27 )17 

age under 50 29 (3/79 )23 (7/20 )6 
(††69/70-4/0 )81/1 223/0 

 over 50 75 (3/57 )43 (7/42 )32 

 

,  

Figure 4-1. P53 expression in both males and females, over expressed or under expressed gene 
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4.2 Immunohistochemical Expression of p27 and p53 

We observed p53 immunopositivity in 70 cases. A significant correlation between 

the expression of these proteins and variables of age, gender, local recurrence, or 

pathologic differentiation was not observed (P > 0.05). 

  

 

Figure 4-2. P53 immunopositivity in 70 cases 

 

(a) (b) 

(c) 
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5 Discussion  

SCC remains one of the leading causes of cancer-related deaths worldwide. In order 

to optimize treatment strategies, it is crucial that biomarkers are identified that 

associate with clinical outcome. Due to its critical role in combating tumor 

development and progression, the immune system has become an important focus in 

bioresearch. According to the results of this study, Statistical analysis showed a 

significant correlation between   both groups regarding P53 expression in both cases 

and controls. (p<0.001); but this relation was not significant, regarding the gender 

in each group. To the best of our knowledge, there were no study   about this marker 

and SCC in primary and recurrent form in Iran. Gene mutation and tumor 

microenvironment participate in several stages of cancer progression. There have 

been numerous surveys on the role of cell cycle-related factors in the head and neck 

and oral cavity of cancerous patients from various genetic backgrounds and 

geographic locations. However, their functional significance and clinical value 

remain unclear [96-98]. 

In the present study, we evaluated the status of p53 in a subset of Iranian patients 

and determined their correlation with different clinicopathologic features. Despite 

the proposition p53 may act in concert to induce malignant features like invasiveness 

and increased proliferation the number of studies simultaneously evaluating this 

protein is limited. Furthermore, we used previous studies on the expression of p53 

in Iranian subjects with oral SCC. Despite the fact that other diagnostic methods like 

PCR may be more accurate than immunohistochemistry (IHC), it is noteworthy that 

IHC is more practical and cost efficient in addition to being less technique sensitive. 

This method is routinely performed in most laboratories and is easily completed on 

paraffin blocks, which are stored for all patients and retrievable at later dates [86]. 

According to our results, there was no significant association between p53 with 
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either patient tumor recurrence, which was in accordance with a considerable 

number of former investigations [97]. Conversely, there are some studies that have 

stated a negative effect of p53 expression on prognosis [99]. while Sauter et al. found 

that expression of this protein prolonged survival [100]. Immunohistochemistry 

detects inactivated and stabilized p53 protein, which can result from mutation, 

binding to products of viruses and cellular oncogenes or ‘phosphorylation due to 

cdc2-like kinases [101]. Immunoreactivity to p53, either because of a functionally 

altered protein or accumulation of its wild-type form could be indicative of an assault 

on cellular deoxyribonucleic acid (DNA) or other events, some of which may be in 

favor of malignant transformation [102]. In cells with normally functioning p53, 

attack on DNA leads to G1 arrest followed by repair, senescence or apoptosis. 

Alteration of p53 protein could result in loss of its vital actions such as regulating 

proliferation, inhibiting migration and suppression of invasion. In addition, mutated 

p53 has been shown to promote metastasis [99]. Etemad moghadan et al in a research 

showed the trend towards a shorter survival of p53 positive cases that not evaluated 

in current study but it seems that their finding is in line with the known function of 

this protein [86]. There are a considerable number of reasons that might provide an 

explanation as to why a significant association was not found between p53 

expression and survival in the previous investigations [103]. It seems that 

accumulation of wild-type p53, in which other molecules and pathways are 

responsible for carcinogenesis were seen in many studies [86, 97]. Immunoreactivity 

to p53, either because of a functionally altered protein or accumulation of its wild-

type form could be indicative of an assault on cellular deoxyribonucleic acid (DNA) 

or other events, some of which may be in favor of malignant transformation. The 

complexity through which mutations affect proteins could help clarify the limited 

prognostic significance of p53 immunoreactivity. For example, mutations in 
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different codons exert different effects on the function of the protein. In addition, 

nonsense mutations or loss of both alleles can lead to lack of protein detection [104]. 

In the present study, tissue specimen   in Iranian patients with SCC differ 

significantly to those in healthy controls that is not in line with Hedayatizadeh study 

in Mazandaran that did not showed a significant correlation between the genotype 

frequencies of a P53 polymorphism in Iranian patients with gastric cancer [105]. 

Eydian et al study revealed no association between P53 codon 72 polymorphism and 

increased risk of lung cancer in patients and controls but according to results of 

adenocarcinoma in never-smoker patients, it seems that environmental factors may 

have more important role than genetic susceptibility in Iranian population [106]. 

These discrepancies may be related to sample size, nature of the tumor and evaluated 

specimens that may be affect the results. Azarhoush et al. studied the relation 

between p53 and colorectal cancer in Northeast of Iran. They found that the P53 

gene mutation could be considered as a prognostic factor affecting mortality in 

cancer and specifically colorectal cancer. Although the P53 protein expression 

shows no relationship with histopathological features, the mortality rate of the 

patients demonstrated a strong association [107]. This finding is in ordinance with 

our result in some manners. In cells with normally functioning p53, attack on DNA 

leads to G1 arrest followed by repair, senescence or apoptosis. Alteration of p53 

protein could result in loss of its vital actions such as regulating proliferation, 

inhibiting migration and suppression of invasion. In addition, mutated p53 has been 

shown to promote metastasis [108]. Similar to previous reports we did not observe 

a significant relationship between p53 expression and recurrence [86]. However 

other studies, including a systematic review conducted by Gao et al. reported shorter 

survival rates. This discrepancy may be related to differences in the study 

population, tumor location, sample size and follow-up periods [109]. It is noteworthy 
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that similar to these investigations could be explained by the tumor suppressor and 

cyclin-dependant kinase (CDK) inhibiting activities of this protein [110]. Abdollahi 

et al. studied P53 in Iranian patients with breast cancer. they found that P53 and 

HER2 expressions were not t correlated with tumor grade, P53 expression was 

associated with poorer prognosis due to higher lymph node involvement and 

perineural invasion [111].  

According to our results p53 could be considered as prognostic factors in oral SCC 

and its possible role in the development of this cancer. Considering the importance 

of p53 in oncogenesis and the discrepancy between findings of different studies, 

unification of laboratory techniques, detection methods and antibodies may be 

beneficial for future meta-analyses in this field. In current research we found a 

relationship between age and IHC marker that is in contrast with Abdollahi finding 

in Iranian women [111]. The different population and cancer may be related to this 

finding. Taken together, these data revealed that P53could act as a positive factor in 

primary and recurrent SCC. Further studies are being planned to prove the function 

of P53 on a larger and different communities in order to find the answer about 

diversity of researches. Current research did not find a relation p53 with staging and 

grading. It seems that a large amount of cases in different stages of dysplasia is 

necessary in order to find an accurate correlation between this p53 and oral 

malignancies. It is worth mentioning that owing to some limitation, we could not 

enroll more participants (financial, limited documented cases). It can be suggested 

that investigating patients in different stages of SCC should be included that can be 

helpful in determining the action. Finally, according to the results of this study, 

Statistical analysis showed an obvious expression of P53 in SCC cases but none of 

controls were expressed. This study had many limitation, imbalance between case 

and control participants count, Low sample size, financial restriction, and a different 
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ethnicity in Fars province. Further studies on larger sample size are necessary 

considering these problems. 

6 Conclusion 

The preliminary analysis of P53 proteins provides clues to elucidate mechanisms of 

development and progression of head and neck cancer Current research showed    

strong association between this protein and the disease, further studies on larger 

population including wide range of    markers are necessary for more accurate results. 

According to our result P53 in partnership with other factors could be suggested as 

diagnostic marker in SCC. However, our investigation is just an initial step, and 

further studies are required to determine the potential roles of P53 as candidate 

protein in pathogenesis of SCC. 
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