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ABSTRACT 

Tissue markers such as epidermal growth factor receptor (EGFR) and oncoprotein 

p53 actively participate in oral carcinogenesis, in initiation andlor promotion of the process. 

The potent mitogen epidermal growth factor (EGF) mediates its growth responses through 

its receptor (EGFR), a transmembrane glycoprotein. The expression of mutant p53 has 

been shown to be present in many human solid tumours of squamous origin including oral 

squamous cell carcinomas. The wild-type p53 acts as a tumour suppressor recessive gene, 

the inactivation of which could lead to malignant transformation. Very few studies have 

been cited in the literature that deal with the over-expression of EGFR and the expression 

of mutant oncoprotein p53 in oral dysplasia and squamous cell carcinomas. These studies, 

however, are not consistent with each other in their results. It is hypothesized that the 

expression of growth factor receptors may increase with the appearance of carcinoma 

through various degrees of dysplasia when compared to normal stratified squamous oral 

epithelium. It is possible that the cells need more receptors as the disturbance in growth 

progresses to dysplasia of a higher grade or into malignancy from a state of benign 

hyperplasia. The wild-type p53 protein appears to block the cell cycle at the GUS. 

boundary of the cell cycle and to produce GI arrest which provides sufficient time for DNA 

repair. On the other hand, its mutant variety forms complexes with the wild-type, 

inactivates the wild-type, and thus prevents the wild-type from carrying out its normal 

function. This may, in turn, lead to abnormalities in the cell cycle repair system and 

eventually to malignant transformation. Mutations in p53 gene may provide the cells with a 

growth advantage over the normal cells leading to malignant transformation. 

This study investigated the expression of EGFR in different degrees of dysplasia 

and squamous cell carcinomas (64 Canadian samples) using monoclonal antibodies with 

the 'ABC' staining methods. There were no significant differences in EGFR staining either 

in intensity or in the epithelial layers stained among the normal oral epithelium, hyperplastic 

and dysplastic lesions. In addition, no significant difference was noted between keratinized 

and non-keratinized specimens and among lesions from different sites. Oral SCCs 

demonstrated significantly stronger staining than the normal oral mucosa, hyperplastic and 

dysplastic lesions (p=0.0011). At this time, the conflicting data on the EGFR expression 

in oral dysplastic lesions indicate that this receptor is not a good marker for oral dysplasia. 

Because most of the available data (including the present study) show that the majority of 

oral SCC over-express EGFR, this receptor may be useful in the diagnosis and treatment of 

some oral cancers. Monoclonal antibodies directed against EGFR may help with the 



diagnosis, prognosis of premalignant and malignant lesions, and palliative treatment of 

malignant lesions in the head and neck region. 

The expression of oncoprotein p53 in squamous cell carcinoma (23 Indian samples) 

of the oral cavity using monoclonal antibodies with the 'ABC' staining methods. 14/23 

Cases were positive for anti-p53 antibody staining and most of the positive specimens 

showed diffuse pattern of staining, where the cells were seen as small islands. Statistical 

analysis shows that there is a significant correlation between the expression of p53 and the 

tobacco chewing habits. Frequent chewers (>5 panlday) had Fisher exact value of 0.001 1. 

As the mutant oncoprotein p53 seems to play a role in malignant transformation, more cells 

are likely to show a strong nuclear staining reaction when compared to normal or 

hyperplastic oral epithelia. The significance of p53 oncoprotein in head and neck 

tumourigenesis is yet to be understood. Further studies such as Direct Nucleotide 

Sequencing, Polymerase Chain Reaction (PCR) and Single Strand Conformation 

Polymorphism (SSCP), addressing the possible involvement of this oncoprotein are 

warranted to get an insight into the molecular details of the mechanism. 
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Chapter 1. INTRODUCTION 



Cancer is the second most common cause of mortality in the world today. More 

than half of the new cases of cancer recorded in the world occur in developing countries, 

where 70-80% of the world population lives (Parkins, Laara and Muir, 1988). Oral 
squamous cell cancers (SCC) comprise a significant fraction (5%) of all the malignancies 

among the world population (ACS, 1988) and more than 40% of all malignancies in 

South Asia (Sanghvi, 1981; Daftary et al., 1991). Although it forms a small proportion of 

all malignancies in Europe and North America, the incidence is rising, especially among 

young adults (La Vecchia et al., 1992; Johnson and Warnakulasuriya, 1993). Males over 

50 years of age are more affected than their female counterparts of the same age, at a ratio 

of 3: 1. In Western countries, the most common intraoral site for SCC is the lateral border 

of tongue followed by floor of the mouth, gingiva and buccal mucosa. On the other hand, 

in South-East Asian countries, there is site predilection for buccal mucosa because of 

tobacco chewing habits. This is followed by lateral border of tongue, floor of the mouth 

and gingiva (Sankaranarayanan, 1990). Tobacco chewing and smoking, alcohol, 

nutritional deficiencies, and dietary habits have been implicated in the etiology of oral 

cancers (Jayant and Deo, 1986; Shklar, 1986; Blot et al., 1988; De Stefani et al., 1990). 

The process of multistep carcinogenesis may be divided into the basic stages of 

initiation, promotion and progression (Spandidos, 1986). The initiation of cancer 

probably involves either activation of oncogenes such as c-erb-B 1 or mutations in tumour 

suppressor genes such as p53. The changes in the genes may be caused by chemical 

carcinogens, radiation or viruses, and are irreversible. The latter stages of promotion and 

progression involve further genetic alterations, culminating in full-blown cases of 

squamous cell carcinomas. It is likely that a combination of genetic lesions contributes to 

oral cancers, as there is no conclusive evidence to indicate which oncogenes are 

responsible for different stages of carcinogenesis in the aforesaid diseases (Field and 

Spandidos, 1987; Scully, 1993). The common mechanism for cancer initiation appears to 

be through DNA damage which leads to uncontrolled proliferation. Furthermore, cancer 

cells do not have the same restraints of proliferation and differentiation that affect normal 

cells. Some cases of disturbances in growth such as hyperplasia or dysplasia may be 

preceded by an increase in the expression of both the epidermal growth factor receptor 

(EGFR), and other substances related to cellular proliferation such as proliferating 

nuclear antigen, PCNA-Cyclin (Tsuji et al., 1992), and p53 (Rogel et al., 1985; Nishioka 

et al., 1993). 



1.0 Normal Histology 

Like all mucous membranes, the oral mucosa is composed of a combination of 

epithelial tissue and connective tissue. The epithelial portion of the oral mucosa is 

stratified squamous type, thafis, the epithelial cells are mostly flat and are several layers 

deep. The basal layer of epithelial cells, which rests upon the connective tissues, is 

composed of cuboidal rather than flat cells. As new epithelial cells are produced by 

mitosis in the basal layer, some of the basal cells and the cells superficial to them are 

forced outward, and eventually they reach the surface. In some parts of the mouth where 

the oral mucosa is subject to considerable wear and tear, such as hard palate and the 

gingiva, the surface epithelial cells are not sloughed off. Instead, they lose their nuclei 

and their cell boundaries and form a noncellular, tough, protective layer on the surface of 

the stratified squamous epithelial cells. This tough layer is called the keratin layer, and 

the epithelium on which such a layer occurs is called keratinized epithelium (Bhaskar, 

1986; Fig. 1). When there is prolonged low-grade irritation to the oral mucosa, the non- 

keratinized epithelium may become keratinized. The keratin layer wears with use, but it 

is continuously replaced by the aging cells beneath it. 

The connective tissue of the oral mucosa is composed chiefly of fibrous 

connective tissue in which are blood vessels and nerves. It is separated from the 

overlying stratified squamous epithelium by a thin basement membrane. In most regions 

the junction between the connective tissue and the epithelium is an irregular boundary 

with projections of connective tissue extending like fingers up into the epithelium, but not 

reaching the surface. In some areas of the oral mucosa, these projections are 

characteristically much longer and more numerous than in other areas. This irregularity 

of contact surfaces between the two tissues serves to increase the area from which the 

epithelium can receive nourishment from the underlying connective tissue. 

1.1 Premalignant and Malignant Oral Lesions 

The World Health Organization (1980) has defined a precancerous lesion as 

"morphologically altered tissue that is more likely to turn malignant than its apparently 

normal counterpart." In the oral cavity, lesions such as leukoplakia, erythroplakia, and 

erythro-leukoplakia are considered to be premalignant. Leukoplakia is a white, non- 
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scrapable lesion of the oral mucosa, which cannot be characterized clinically or 

pathologically as any other disease (Pindborg, Daftary and Mehta, 1977). Erythroplakia 

is a clinical, descriptive term for lesions of the oral mucosa that constitute bright-red, 

velvety plaque, and which cannot be characterized clinically or pathologically as being 

due to any other condition (WHO, 1980). 

1.11 Classification and High Risk Sites for Oral Premalignant Lesions 

WHO (1980) has suggested that the incidence of the premalignant lesions usually 

shows a predilection for certain sites: the most common site is the commissures followed 

by the buccal mucosa, tongue, vermillion border, floor of the mouth and soft palate. 

Alveolar ridge, hard palate and gingiva form rare sites for leukoplakic lesions. 

Premalignant lesions associated with smoking usually appear on lips and commissure 

whereas the lesions associated with chewing habits tend to be limited to areas like the 

buccal mucosa and hard palate. Unlike a Western population, floor of the mouth 

leukoplakia is not that common among Asians (Banoczy, 1984). Erythroplakia and- . - 
sublingual keratosis show the highest degree of risk of turning malignant (50% and >40% 

respectively). The degree of risk associated with oral precancerous lesions are: 

Leukoplakia 4-18, Erythro-leukoplakia 32, Oral submucous fibrosis 3-6, and Lichen 

planus 1 - 10 (values expressed in percent). 

Pindborg et al. (1963) have classified leukoplakic lesions based on their clinical 

appearance; 1) A homogeneous type, where the surface presents with smooth or wrinkled 

consistency with cracks and fissures, and 2) A speckled or nodular type with white 

patches and erythematous bases or erythroplakic areas mixed with white excrescences, 

giving the whole lesion a 'speckled' appearance. Risk of premalignant lesions depends 

on: 1. Degree of dysplasia, and 2. Location of the lesion. Dysplasia is the name given to 

disordered proliferation of tissue which particularly affects epithelium where there is 

normally a well-defined pattern of maturation. Dysplasia is characterized by loss of the 

normal uniformity of individual cells and a tendency for disorganization of the tissue as a 

whole. It can be a prelude to malignant change (WHO, 1980). 



The changes in the epithelium during the development of premalignant lesions 

can be classified into different degrees of dysplasia (mild, moderate and severe), a 

significant percent of which bears a certain risk of malignant transformation. The 
histologic features of dysplasia are: (1) Loss of polarity of the basal cells; (2) Basilar 

hyperplasia; (3) Altered nuclear cytoplasmic ratio (NIC ratio); (4) Drop-shaped rete 
pegs; (5) Irregular epithelial stratification; (6) Abnormal mitoses; (7) Mitotic figures in 

the superficial layers of the epithelium; (8) Cellular pleomorphism; (9) Nuclear 

hyperchromatism; (10) Enlarged nucleoli; (1 1) Loss or reduction of intercellular 

adhesion; and (12) Individual cell keratinization in the spinous layer of cells (Katz, Shear 

and Altini, 1985; Pindborg, Homstrup and Reibel, 1985; Regezi and Sciubba, 1993). 

Dysplasia can be graded as mild when two of the above-listed features are present, 

moderate when two-to-four features are present and severe when more than 5 of the 

aforesaid features are present. Carcinoma-in-situ (CIS) lesions show top-to-bottom 

dysplastic changes in the epithelium with no signs of invasion into the underlying 

connective tissue (Banoczy and Csiba, 1976). The likelihood of carcinoma developing 

from dysplastic lesions has been calculated to be 11%, 33% and 56% for cases of 
dysplasia in the ascending order of its degree respectively, suggesting that the risk of - 

malignant transformation is directly related to the degree of dysplasia (Shibuya et al., 

1986). It is noteworthy that not all dysplastic lesions turn into squamous cell carcinoma 

and some of them may even show regressive changes (Lind, 1987). 

1.2 Oral Squamous Cell Carcinoma (OSCC) 

The clinical appearance of small, early oral squamous cell carcinoma may vary 

from a white, thickened, or verrucous lesion to a velvety plaque or a chronic painless 

ulcer. More than 90% of oral SCCs are found to be moderately or well differentiated 

tumours and metastasis generally occurs in about 80% of the lesions to submandibular or 

cervical lymph nodes (Murthi et al., 1986). Patients with primary oral carcinoma have a 

higher risk (4-13%) of developing a second primary,tumour of the upper aerodigestive 

tract, and the prognosis depends on the nature of metastasis (Mohit-Tabatabai et al., 

1986; Kissane, 1990). 



1.21 Etiology of Oral Cancer 

A variety of local chronic irritations, acting alone or in combination with each 

other, will produce leukoplakic lesions in many susceptible individuals. The factors 
which have been suggested to be of etiologic importance in the case of premalignant oral 

lesions are tobacco (both smoking and chewing types), alcohol, spices (from diet), and 

genetic susceptibility (Shklar, 1986; Blot et al., 1988). Other factors like papilloma 

viruses, ionizing radiation, ultraviolet rays, and such chronic infections as candidosis may 

also play a synergistic role in the process of carcinogenesis. The lesion commences like a 

protective barrier to prevent further injuries to the underlying tissues and carries a greater 

risk of malignant transformation, especially in regions such as floor of the mouth where 

the lining epithelium is that of the non-keratinized type (William, 1990). The relative 

risk for oral cancer increases with duration and quantity of a carcinogen exposure and 

with the combination of several carcinogens (Langdon and Partridge, 1992). 

1.22 Chewing and smoking habits and genotoxic effects 

The most common source of chewing tobacco in several countries in the Asian 

region is in the betel quid or pan, which is a preparation of betel leaf (Piper betel), areca 

nut (the fruit of areca palm tree), tobacco, lime and catechu (a resinous extract from the 

Acacia tree). Sometimes various condiments such as cardamom or cloves are also added 

in the quids. T h s  is commonly used in northern parts of India (Sanghvi, 1981) and also 

in Sri Lanka (Seneviratna and Uragoda, 1973). In Kerala, a southwestern province of 

India, the betel quid does not contain any catechu or spices (Sankaranarayanan et al., 

1990). The chewing of betel quid with tobacco has been established as the principal 

etiological factor for the high incidence of oral cancer in India and some other South-East 

Asian countries (IARC, 1985; Warnakulasuriya, 1987; Sankaranarayanan, 1990; Daftary 

et al., 1991). Tobacco has also been implicated as one of the major etiological factors in 

the development of other cancers including lung (Iggo et al., 1990; Bartsch et al., 1992) 

and bladder (Hollstein et al., 1991; Sidransky et al., 1991). Potent carcinogenic agents 

such as tobacco- and areca-nut-specific nitrosamines have been separated from tobacco 

and areca-nut, the major ingredient of the betel quid (Stich et al., 1983; Nair et al., 1985; 

Stich and Anders, 1989). Many studies have revealed that the spontaneous generation of 

reactive oxygen species (ROS) occur during different stages of carcinogenesis (Stich and 

Stich, 1982; Stich et al., 1984) and that such free radical scavengers as 0-carotene may 



induce remission of some preneoplastic lesions (Stich et al., 1988; Stich and Anders, 

1989; Nair et al., 1990). There is an increasing body of experimental evidence that such 

ingredients of the chewing mixture as slaked lime plays an important role in the 

production of reactive oxygen species (ROS) (Nair et al., 1987; Stich and Tsang, 1989). 

Free radicals such as superoxide anion, hydroxyl anion and hydroperoxide anions are 

highly reactive and may bring in changes such as oxidative damage to cellular organelles 

and DNA, in turn, leading to genetic damage. This has been experimentally proven by 

micronuclei test-the presence of micronuclei in exfoliated cells, especially that of the oral 

cavity (Nair et al., 1991; Jaju et al., 1992; Nair et al., 1992; Rosin, 1992; Hoffmann et al., 

1994; Pate1 et al., 1994). Many investigators have shown that there is increased 

occurrence of micronuclei (Stich, Stich and Parida, 1982; Stich and Rosin, 1984; Dave et 

al., 1991) and/or a higher frequency of sister chromatid exchanges in peripheral 

lymphocytes in chronic tobaccohetel quid chewers (Ghosh and Ghosh, 1984; Ghosh, 

Sharma and Ghosh, 1988; Kayal et al., 1993). Tobacco-specific nitrosamines (TSNA), 

known to be potent carcinogens in experimental animals, may also be causative agents for 

oral cancers in humans; they may act alone or in combination with other ingredients such 

as gum catechu and special flavoring agents (e.g., pan masala used in northern parts of . 

India) to bring about the genotoxic effects (Nair et al., 1985; Nair et al., 1987; Jaju et al., 

1992). Studies have shown that lime together with tobacco and areca nut elevates the pH 

(becomes highly alkaline) in the oral cavity in betel quid chewers. Lime may increase the 

cell turnover by 'killing' the cells and also the likelihood of heritable mutations being 

transmitted to daughter cells before complete DNA repair (Cohen and Ellwein, 1990; 

Thomas and McLennan, 1992). 

1.3 Proto-oncogenes, Oncogenes and Suppressor genes 

Several genetic alterations that perturb normal cellular growth and developmental 

control mechanisms can lead to abnormal proliferation and differentiation (Brown, 1992). 

These include point mutations, deletions, translocations, amplifications and gene 

rearrangements, and occur primarily in two classes of genes, namely oncogenes and 

tumour suppressor genes. While mutation or amplification of certain genes can lead to 

abnormal cellular proliferation, loss or mutation of tumour suppressor genes (which 

normally suppress abnormal proliferation), can activate neoplastic transformation 

(Hunter, 199 1). Proto-oncogenes (cellular oncogenes: c-onc) are present in normal cells, 

controlling cell proliferation and differentiation. Oncogenes are closely related to proto- 



oncogenes, but they have mutated to produce abnormal protein products or to allow gene 

over-expression leading to a loss of the normal constraints on their activity (Bishop, 

1991). The genes which act by regulating the oncogenes or by producing substances that 

antagonize the actions of oncoproteins, are termed tumor suppressor genes (emerogenes, 

anti-oncogenes, or recessive cancer susceptibility genes) (Scully, 1992). Mutations in 
tumor suppressor gene p53 is considered to be one of the salient features of a large 

spectrum of human malignancies (Hollstein et al., 1991). Amplification or over- 

expression of EGFR, int-2, and c-myc appear to be the most documented findings both in 

neuroblastoma cell lines (Libermann et al., 1985) and tumour tissue from oral squarnous 

cell carcinomas (Leonard et al., 1991). Multiple oncogenes may be involved in oral 

carcinoma, especially c-myc with H-ras (Field and Spandidos, 1987) or c-erb-B-1 

(Yarnada et al., 1989; Saranath et al., 1992). 

1.31 Molecular Lesions in Oral Cancer 

A mutation is a change in the nucleotide sequence of the DNA molecule which . . 

may occur within a gene or in the intergenic regions. If a mutation occurs in an intergenic 

region it will probably be silent and have no detrimental effect on the cell. But when the 

mutation occurs in a gene, it may alter the gene product and generate observable changes 

in the organism which is referred to as a change in phenotype. Mutation can happen at 

the level of DNA sequences (point mutation, insertion, deletion and inversion) or at the 

level of gene (Brown, 1992). The function of a gene can be blocked at the protein level 

by altered gene(s) which encodes a mutant product capable of inhibiting the wild-type 

gene product in a cell. Such a mutation would be 'dominant negative' because its 

phenotype is manifested in the presence of the wild-type gene, but it inactivates the wild- 

type activity. Herskowitz (1987) referred to this kind of mutations as "antimorphs, 

'antagonistic mutant genes' having an effect virtually contrary to that of the gene from 

which they were derived." Basically, the process involves the inhibition of function of a 

wild-type gene product by an overproduced inhibitory variant of the same product. If a 

protein has multiple functional sites (e.g., multimeric nature), a derivative capable of 

interacting with wild-type polypeptide but otherwise defective will be inhibitory, 
especially if it forms multimeric forms which are non-functional. Hence, dominant 

negative mutant proteins will retain an intact functional subset of the domains of the 

parent wild-type protein, but have the complement of this subset either missing or altered 
so as to be non-functional (Rovinski et al., 1988; Lane and Benchimol, 1990). The 



dominant negative function is achieved by the formation of inactive complexes (hetero- 

oligomers) between the mutant and wild-type p53 proteins (Lane, 1992), and this may, in 

turn, affect the sequence specific DNA-binding activity of p53 (Hinds et al., 1990; 

Bargonetti et al., 1991; Momand et al., 1992). 

Mutation in one of the two alleles of the gene that act in a dominant manner over 

the normal phenotype (wild-type) of allele leads to a gain of function, or uncontrolled 

proliferation. Mutation of one of the allele followed by loss of, or a reduction to 

homozygosity in the second allele will lead to a loss of regulatory effect on cell 

proliferation (Levine, Momand and Finlay, 1991). p53 oncoprotein appears to block the 

progression of cells through the late presynthetic phase of replication: mutant forms may 

fail to maintain this control or may even stimulate cell proliferation (Field 1992; Nishioka 

et al., 1993). The most frequently documented genetic change in human oral cancer is in 

the short arm of chromosome 17 (17p), in the region of the suppressor gene p53. 

Mutations or deletions in onco-suppressor genes may give rise to defective suppressor 

proteins thereby leading to the loss of tumour suppressor function (Bishop, 1991; Scully, . 

1993). Such genetic markers as p53 may play an important role in the development of 

oral squarnous cell cancers, and give some insight into the molecular mechanisms that are 

responsible for neoplastic transformation (Field et al., 1991; Zhang et al., 1993). 

Mitogenic agents such as epidermal growth factor produce pleiotropic response involving 

the activation of various biochemical processes that are responsible for cellular growth 

and development. The interaction of the growth factor and its effects on oral mucosa will 

be described in subsequent sections. 

1.4 Mitogen-Activated Protein Kinases (MAP kinases) 

The growth signals obtained at the cell surface are transduced to the nucleus 

through a cascade of tightly regulated phosphorylation events mediated by kinases such 

as protein kinase-C (PKC), casein kinase and mitogen activated kinases (MAPK). Recent 

studies have shown that the ligands that bind to epidermal growth receptor may also act 

through the receptor-specific threonine kinases (Northwood et al., 1991). There is an 

increasing body of evidence which suggests that these kinases play an active role in the 

cellular proliferation and/or differentiation (Blenis, 1990). Since many membrane- 

associated growth factor receptors have been shown to exhibit ligand-dependent protein- 



tyrosine kinase activity, it is thought that tyrosine phosphorylation is an early event in the 

propagation of signal transduction cascade. Furthermore, oncogenes that are improperly 

regulated have been shown to induce cellular transformation via aberrant phosphorylation 

of tyrosine residues (Kohno, 1985; Ben-David et al., 1991). An important kinase among 

these enzymes, originally named microtubule-associated protein kinase-2 (MAP-2) 

because it phosphorylates microtubule-associated protein, is now referred to as rnitogen- 

activated protein kinases (MAP kinase) (Anderson et al., 1990; Gdmez and Cohen, 1991). 

The MAP kinase (MAPK) requires both tyrosine and threonine phosphorylation 

for activity and recent studies has revealed that MAP kinase is not a single enzyme, but a 

family of kinases that have been to referred to as Extracellular signal Regulated Kinases 

(ERKs) (Sturgill et al., 1988; Boulton et al., 1990; Seger et al., 1991; Pelech and 

Sanghera, 1992; Pelech, 1993). Depending upon the in vitro substrates that have been 

used to characterize these kinases, they are again subdivided into myelin basic protein 

kinases or MBP (Ahn et al., 1991), ribosomal S6 protein kinase-kinases (RSKs) 

(Anderson et al., 1991; Davis, 1993), and EGF-receptor threonine kinases or ERK (Ahn 

et al., 1990, 1991; Northwood et al., 1991; Takishima et al., 1991). The role of MAPK in 

signal transduction pathways may be summarized as follows: Signals initiated by receptor 

tyrosine lunases (RTKs), by protein kinase-C or by signal transducing G-proteins rapidly 

converge and activate the cytoplasmic MAPK via phosphorylation of tyrosine and 

threonine (Fig. 2). The activated MAPK then activate the RSKs by serinelthreonine 

phosphorylation, which helps the RSKs to phosphorylate their targets such as ribosomal 

S6 protein (Blenis, 1991; Davis, 1993; Hsuan, 1993). One of the MAPKs, epidermal 

growth factor receptor-tyrosine kinase (ERT kinase) is proposed to down-regulate the 

activity of EGFR soon after ligand binding while RSK has the potential to turn off a 

variety of signal transducers that are modulated by tyrosine- or serinelthreonine 

phosphorylation via other kinases that may, in turn, activate RSKs (Pelech and Sanghera, 

1992; Hsuan, 1993). Many extracellular stimuli that influence cell proliferation and 

differentiation, including growth factors, cytokines and hormones can stimulate MAP 

kinases and the activation of MAPKs require phosphorylation of tyrosine and threonine 

residues (Nishida and Gotoh, 1993). Studies concerning the mechanism of activation of 

MAPKs are in progress now (Nebreda, 1994). 



1.5 Tumour Markers 

Neoplastic transformation is a multistage process which involves a number of 

aberrant genetic events that are progressively associated with the acquisition of a state of 

malignancy. Many oral cancers are known to arise from premalignant lesions. The 
substances ( e g ,  oncoproteins, enzymes, growth factor receptors), that are used to study 

the changes in preneoplastic as well as neoplastic tissues, are referred to as tumour 

markers (Malkin, 1987). A number of growth factors such as epidermal growth factor 

(EGF) and transforming growth factor alpha (TGF-a) and -beta (TGF-p) show altered 

expression, or disregulated production during the process of carcinogenesis (Goustin et 

al., 1986). An increased production of growth factors may indicate the presence of 

abnormal growth or some disturbances in cellular proliferation (Wong et al., 1989; 

Eibling, Wagner and Johnson, 1990; Wong et al., 1990). Altered proliferation or 

differentiation may also be induced by deregulation of tumour suppressor genes such as 

p53 (Hinds et al., 1990; Xiong et al., 1993; Donehower, 1994). 

1.6 Epidermal Growth Factor Receptor and Its Functions 

Receptors may be defined as cellular components that monitor the status of the 

extracellular environment. They interact with regulatory molecules from outside the cell, 

and thereby transmit a biochemical signal into the cell (Scully, 1992). They are involved 

in many essential cellular functions including proliferation and differentiation. The 

expression of a structurally altered receptor or the over-expression of a normal receptor 

itself, may contribute to uncontrolled cellular proliferation and differentiation (Downward 

et al., 1984; Seemeyer and Cavenee, 1989). For cell growth and division to occur, a large 

variety of metabolic processes mediated through the growth factor-activated kinases must 

be carefully coordinated in the cell. Growth factors and hormones possess the ability to 

trigger a complex 'pleiotropic growth response' in their target cells. It has been shown 

that the epidermal growth factor receptor is involved in both normal and abnormal 
proliferations of epithelial tissues (Carpenter and Cohen, 1990). Mitogen-activated 

protein kinases may function as convergence points in pathways of cellular growth and 

differentiation (Michelle, 1989; Pelech, 1993). The determination of the functional role 

of the receptor-associated kinases in modulating receptor function or the process of 

mitogenic signal transduction, may give some new insights into the molecular basis of 

tumourigenesis in the head and neck region (Williams et al., 1993). 



Activation of the EGF receptor occurs on binding to the ligand and this, in turn, 

initiates a cascade of cellular events by triggering the intrinsic tyrosine kinase activity 

(Carpenter, 1984). This is immediately followed by a rise in cytosolic calcium level and 

receptor internalization which results in degradation of the receptor (Downward et al., 

1984; Carpenter, 1987). Studies have shown that the tyrosine kinase activity is necessary 

for all subsequent receptor actions, including internalization (Chen et al., 1987). 

Activation of the tyrosine kinase at the plasma membrane is sufficient for cell division 

and as a result the membrane-bound forms of the ligands such as pro-EGF or pro-TGF-a 

should be capable of eliciting cell growth signals to the neighboring receptor-bearing 

cells (Wells et al., 1990). 

An increased density of EGF receptors is found in many epithelial tumour cells 

including those of the oral cavity (Burgess, 1989; Salomon et al., 1990; Shrestha et al., 
1992). Binding of EGF, TGF-a, and other ligands to the EGF receptor (EGFR), activates 

tyrosine-protein kinase activity of the receptor resulting in phosphorylation of the 

receptor and other substrates in the immediate surroundings of the receptor (Ushiro and . . 

Cohen, 1980; Carlin et al., 1983; James and Bradshow, 1984; Sporn and Roberts, 1988). 

Activation of the kinase system generally induces a transient internalization of the EGF 

receptor (Beguinot et al., 1985; Michelle, 1989), and thls could be one of the mechanisms 

that regulate EGF-induced proliferation in susceptible tissues (Damjanov, Mildner and 

Knowles, 1986; Schlessinger, 1988). Internalization and degradation of the receptor 

appear to abrogate its long-term actions and in the absence of this attenuation mechanism, 

even low quantities of the ligand would result in uncontrolled proliferation (Schlessinger, 

1988; Wells et al., 1990; Carpenter and Cohen, 1990; Fantl et al., 1993). It is suggested 

that the over-expression of the receptor is due to gene amplification (c-erb-B-1; 

chromosome 7) as evident from the studies conducted on A-431 carcinoma cells or 

animal models (Wong and Biswas, 1986; Shin et al., 1990), and oral SCCs in vivo 

(Cowley et al., 1984; Yamamoto et al., 1986; Yamada et al., 1989; Saranath et al., 1989). 

The amplified oncogenes generally show increased transcripts or over-expressed 

oncoproteins along with co-amplification of other oncogenes (Lee, 1992). The co- 

expression of other oncogenes such as c-myc and H-ras also may account for the 

malignant transformation (synergistic action). The primary reason for over-expression of 

EGFR may be the over-production of the protein itself or over-expression of the 

messenger RNAs (Kawamoto et al., 1991; Kearsley et al., 1991; Yamada, Takagi and 

Shioda, 1992). 



1.61 Epidermal Growth Factor Receptor and Oral Mucosa 

Many investigators have studied the expression of epidermal growth factor 

receptor (EGFR) in normal and dysplastic and neoplastic lesions of oral mucosa SCCs. 

Over-expression of EGFR was observed in a certain percentage of the studied cases 

(Tables 1 and 2 ). In a series of studies conducted by Kearsley et al. (199 I), 24/42 (57%) 

cases of oral carcinomas showed over-expression of the receptor protein. Although some 

studies failed to show any presence of EGFR amplification in head and neck squamous 

cell carcinomas (Eisburch et al., 1987), amplification of EGFR has been reported in oral 

cancer cases ranging from 4-29% (Ishitoya et al., 1989; Saranath et al., 1992). 

Amplification of the oncogene may result in above normal levels of transcripts for the 

oncoprotein or over-expression of the protein itself (Saranath et al., 1993). Over- 

expression of EGFR is likely to show a direct relationship to the degree of differentiation 

and aggressiveness of tumours of squamous origin (Ishitoya et al., 1989; Kearsley et al., 

1991; Christensen et al., 1992; Kunikata et al., 1992; Christensen et al., 1993; Grandis 

and Tweardy, 1993). Tables 1 and 2 summarize the results of studies on over-expression 

and amplification of EGFR gene conducted by various investigators with the help of . . 

advanced techniques such as labeled biotinylated antibodies, and Southern and Northern 

Blots, respectively. 

As shown in Tables 3 and 4, in normal epithelium, EGF receptors are detectable 

predominantly on basal cells with a plasma membrane distribution progressively 

diminishing in suprabasal layers (Partridge et al., 1988; Shirasuna et al., 1991). In areas 

such as lateral border of tongue, all layers of the epithelium tend to express the receptor 

(Whitcomb, Eversole and Lindermann, 1993). Imrnunoreactive EGF receptors also have 

been localized to the first 2 or 3 layers of basal and suprabasal epidermal keratinocytes 

(Nanney et al., 1984) and in conditions such as psoriasis where the tissue turnover rate is 

proposed to be relatively high (Nanney et a1.,1986). A membrane-bound positive staining 

reaction of EGF receptors has also been reported in epidermal premalignant and 

malignant lesions (Groves, Allen and McDonald, 1992; Raikhlin, Petrov and Serre, 

1992). In oral keratoses or where acanthosis is extensive, the spinous cell layers show 

moderate intensity of staining, but with the appearance of squamous cell carcinomas the 

staining extends to all layers of the epithelium (Shirasuna et al., 1991; Christensen et al., 

1992). 



There are clear differences in the distribution of the EGFR in neoplastic epithelia 

when compared to adjacent 'normal' mucosa. Areas in the adjacent normal epithelium 

where there is microinvasion, the tumor cells may show a strong staining (the honeycomb 

pattern) to anti-EGFr staining. Many tumour islands show a strong staining to anti-EGFr 

antibody but some tumours may show a weak staining pattern (Kearsley et al., 1991). 

Poorly differentiated SCCs tend to show a weaker staining than well differentiated cases 

and keratin pearls may remain negative for anti-EGFr staining (Partridge et al., 1988; 

Yamada, Takagi and Shiyoda, 1992). Dysplastic epithelium expresses above normal 

levels of rnRNA transcripts for the receptor protein leading to the conclusion that there is 

over-expression of the receptor (Todd et al., 1991; Grandis and Tweardy, 1993; Prime et 

al., 1994). The distribution of EGFR can be classified into two types according to the 

irnmunohistochemical pattern of staining: 1) Cell membrane positive type (CMB), where 

all cell membranes of the epithelial cells in a given field show a positive reaction to the 

antibody (Kearsley et al., 1991; Yamada, Takagi and Shioda, 1992); 2) Focal cell 

membrane positive (FCMB), where the positive cells are scattered in nature in a given 

field (Kunikata et al., 1992; Yamada, Takagi and Shioda, 1992). In normal squamous 

cells of the oral mucosa, the staining for EGF receptor is confined to cell membranes of - 

the basal and suprabasal layers (Whitcomb, Eversole and Lindermann, 1993), while 

squamous cell carcinomas will show focal cell membrane positive staining, whole plasma 

staining, and sometimes no staining or a combination of these patterns (Kunikata et al., 

1992). The 'normal' cells adjacent to squamous cell carcinoma tend to show a plasma 

membrane-bound staining. Hyperplastic and dysplastic lesions will be positive in the 

basal and suprabasal layers with a progressive decrease in the intensity of staining as it 

moves towards the superficial layers (Shirasuna et al., 1991). 

Over-expression of epidermal growth factor receptor and c-erb-B 1 amplification 

has been reported in squamous cell carcinomas of bladder (Neal et al., 1985), breast 

(Nicholson et al., 1988; Ozawa et al., 1988; Lewis et al., 1990), cervix (Gullick et al., 

1986), colo-rectum (Koike et al., 1993; Yamaguchi et al., 1993), liver (Fukusato et al., 

1990), lung (Berger et al., 1987; Takahashi et al., 1991), and stomach (Lee et al., 1991; 

Jang et al., 1993). It is possible that, during the process of carcinogenesis, there exists an 

autocrine mechanism of regulation for the secretion of the growth factor and its receptor 

(Partridge et al., 1989; Todd et al., 1989, 1991). 



1.7 Onco-suppressor gene p53 

p53, a proto-oncogene product, is a cellular protein expressed in low levels in 

non-transformed cells. On the other hand, tumour-derived cells and transformed cell 

lines show a many-fold increase in the expression of p53 (Koeffler et al., 1986). Unlike 

the proteins of non-transformed cells, the mutant protein is likely to form complexes with 

transforming proteins of viruses such as SV40 leading to the acquisition of a stable 

conformation than the wild-type protein. The results of several studies have supported 

the view that increased levels of p53 effect changes in the phenotype of normal cell and 

that over-expression of the protein leads to the immortalization of cell lines (Rogel et al., 

1985; Lane and Benchimol, 1990). It is suggested that over-expression of p53 is a 

common event in the multistep carcinogenesis in colo-rectal carcinomas (Baker et al., 

1989; Hollstein et al., 1991) and oral squarnous cell carcinomas (Warnakulasuriya and 

Johnson, 1992; Zhang et al., 1993). 

1.71 Functions of p53 

Finlay et al. (1988) have demonstrated that the wild-type sequence of the proto- 

oncogene does not code for a transforming protein, but loss of function or mutation in the 

gene possibly transactivates the protein culminating in malignant transformation. The 

p53 protein appears to block the progression of cells through the late GI  phase of 

replication: mutant forms fail to perform this function and may even stimulate cell 

proliferation (Fearon and Vogelstein, 1990; Montenarh, 1992). A clear relationship has 

been established between p53 expression and heavy smoking and alcohol consumption 

and the protein appears to play a central role in oral carcinogenesis, possibly being 

mutated by carcinogens in tobacco and alcohol (Gusterson et al., 1991). Studies using 

'high-tech' devices has revealed that p53 has a possible role in the control of mRNA 

synthesis andlor maturation (Lee, 1992a; Soussi et al., 1994). Analysis of non- 

transformed cells, non-SV40-transformed cells, and growth-arrested and -stimulated 

mouse cells has revealed that the p53 plays an important role in the cell cycle and the 

subcellular distribution of the protein varies throughout the cell cycle (Gusterson et al., 

1991; Kastan et al., 1991; Nishioka et al., 1993). p53 forms high molecular weight 

complexes with E6 proteins of the human papilloma virus types 16 and 18 (Werness et 

al., 1990; Park et al., 1992; Kim et al., 1993), heat shock proteins (Finlay et al., 1988) and 

protein kinases (Kraiss et al., 1991). Since p53 is a nuclear protein which seems to be 



involved in the regulation of cell cycle, especially DNA replication and transcription 

(Eliyahu et al., 1984; Eliyahu et al., 1989; Shaulsky et al., 1990; Nishioka et al., 1993), 

the mutant variety of the protein shows a relatively high affinity for binding to single- 

stranded DNA than to double-stranded DNA (Rovinski and Benchimol, 1988; Kern et al., 

1991). Although this is true, the wild-type protein ( ~ 5 3 ~ ~ )  is more efficient in binding 

SV40 DNA fragment which consists of the sequences known to regulate the activity of 

SV40 promoters. Hence, it is possible that the protein plays a dual role by involving in 

DNA replication and in the regulation of gene expression (Bargonetti et al., 1991). 

The p53 tumour suppressor gene is a frequent target for structural alterations in a 

large number of human malignancies (Hollstein et al., 1990, 1991; Levine, Momand and 

Finlay, 1991). The levels of wild-type p53 increase in response to DNA-damaging agents 

such as ionizing radiation, leading to G1 arrest. Because of high levels, p53 may 

transcriptionally induce the expression of the growth arrest and DNA damage protein, 
GADD45, resulting in the inhibition of progression from G I  into S phase (Kastan et al., 

1992). Over-expression of wild-type p53 in transformed cells can arrest cell - 

proliferation, reverse a tumourigenic type, and sometimes induce apoptosis or 

differentiation (Kern et al., 1992; Donehower, 1994). The wild-type p53 has been shown 

to be capable of attaching to specific DNA sequences thereby acting as a transcriptional 

modulator. Furthermore, over-expression of wild-type p53 represses transcription from a 

variety of promoters (Santhanam, Ray and Seghal, 1991) probably through basal 

transcription factors (Seto et al., 1991; Oliner et al., 1993; Ragimov et al., 1993). Studies 

have revealed the existence of a p53-binding protein, which can associate with both wild 

and mutant types of the protein (Hinds et al., 1990). Momand et al. (1992) have 

identified this protein as the product of murine double minute (mdm2), a putative proto- 

oncogene, over-expression of which interferes with sequence-specific transcriptional 

activation by wild-type p53. Over-expression of wild-type p53 is capable of sequence- 

specific binding to a region within the mdm2 gene and of transactivating directly this 

gene (Juven et al., 1993). High levels of MDM2 protein, similar to the DNA tumour 

virus oncoproteins may inactivate the tumour suppressor activity of p53 by complexing to 

it (Lane, 1992). It is also possible that the increased levels of wild-type p53 may 

transactivate EGF receptor promoter sequences and that there exists a common regulatory 

mechanism to control cell proliferation mediated through both p53 and EGF receptor 

(Deb et al., 1994). 



Mutations that activate transformation may be the ones that result in a loss of 

function of the wild-type p53. Finlay et al. (1989) suggested that over-expression of p53 

mutants enhances the transformation process by the formation of nonfunctional 

multimeric complexes which can inactivate wild-type of the protein thereby giving a 

growth advantage over the other cells. Since the p53 acts as a tumour suppressor gene, it 

possibly gets involved in the negative control of growth and differentiation via its protein 

product, ~ 5 3 ~ '  (Montenarh, 1992). This shows that the interaction of mutant forms of the 

oncoprotein with that of the wild-type would switch off the activity of the latter or 

considerably decrease its endogenous tumour suppressor activity (dominant negative); 

thus, making the cell to be deficient in the function of that gene product (Fig. 3). There is 

also evidence that at least some mutant p53 proteins may also play a key role in allowing 

cells to enter the S-phase which fails to correct DNA damage (Wolf, Harris and Rotter, 

1984; Mercer, Avignolo and Baserga, 1984; Shohat et al., 1987). In other words, over- 

expression of the mutant p53 and its interaction with that of the wild-type protein makes 

the cell more susceptible to uncontrolled proliferation (Hicks et al., 1991; Levine et al., 

1991). It seems that p53 mutation is an important step for cell transformation in vivo 

(Soini et al., 1992). 

1.72 p53 Expression in squamous tumours other than OSCC 

Although the expression of proto-oncogene product p53 is very low in normal 

non-transformed cells, most of the neoplastically transformed cell lines show a many-fold 

increase in the levels of the oncoprotein (Lane and Crawford, 1979; Rogel et al., 1985; 

Koeffler et al., 1986; Rovinski and Benchimol, 1988; Finlay et al., 1989). Mutations of 

p53 gene have been reported in most of malignant tumours: breast (Bartek et al., 1990), 

liver (Bressac et al., 1990); lung (Chiba et al., 1990; Iggo et al., 1990; Westra et al., 

1993); colo-rectum (Fearon and Vogelstein, 1990; Rodrigues et al., 1990); and bladder 

(Sidransky et al., 1991; Habuchi et al., 1993; Soini et al., 1993; Zhang et al., 1994). 

1.73 p53 and Oral Lesions 

Heavy smoking and drinking (Langdon and Partridge, 1992; Ogden et al., 1992) 

or tobacco smoking coupled with tobacco/betel quid chewing (Warnakulasuriya and 

Johnson, 1992; Ranasinghe et al., 1993) are the major parameters which correlate with 



the over-expression of oncoprotein p53 in patients with oral squamous cell carcinoma. 

The high percentage of p53 positivity, in heavy smokers, may be due to accumulation of 

chemical carcinogens in the tissues over time. Field et al. (1991) suggested that the 

excess carcinogen may damage the integrity of the gene leading to its over-expression 

and that there might be a loss of suppressor activity with a gain in the dominant 
transforming activity. It has been established that G+T transversions are the most 

frequent p53 mutations in non-small cell lung cancer (Iggo et al., 1990) and in esophageal 

squamous cell carcinomas (Hollstein et al., 1990). It is worth noting that benzo(a)pyrene, 
a major carcinogen in tobacco smoke, is known to induce G+T transversions (Suzuki et 

al., 1992). Thls strongly suggests that tobacco use, a known risk factor in oral squamous 

cell cancer, is linked with the mutations that occur in the gene on prolonged exposure to 

tobacco smoke (Somers et al., 1992). 

A number of publications have shown that there is over-expression of p53 

oncoprotein in oral SCCs. As shown in Table 5, the percentage of oral SCCs positive for 

p53 varies from 35% to 93.5%, with most of the reports showing a positive reaction in 

more than 50% of the cases. The average percentage of p53 staining in oral SCCs is . - 
60.5. However, a recent paper by Ranasinghe et al. (1993) showed a very low percentage 

(1 1%) of oral SCCs that were positive for p53 from an South Asian population. The 

sharp contrast of the result from this study as compared with those of other studies raises 

the possibility that there might have been technical problems in the staining procedures. 

On the other hand, it is well known that the etiological factors for oral malignancies in the 

South Asian population are different from those of the Western World (Banoczy, 1984; 

Blot et al., 1988; William, 1990). In Western countries, oral SCC only accounts for 5% 

of all the cancers and the main etiological factors are smoking, and alcohol or a 

combination of the two. In the South Asian population, oral SCCs accounts for more 

than 40% of all cancers (Daftary et al., 1991) and the main etiological factors are betel 

quid with tobacco chewing and tobacco smoking (Saranath et al., 1989; Saranath et al., 

1993). It is, therefore, possible that the low percentage of p53 expression in oral SCCs 

from the South Asian population by Ranasinghe and his associates (1993) may reflect the 

differences in the etiological factors when compared to other parts of the world. It is 

likely that a large sample containing more SCC cases might draw more reliable 

conclusions. Further studies are needed to give more insight into the functional aspects 

of p53 in oral squamous cell carcinomas. 
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Chapter 2. Hypothesis and Objectives 



2.0 Hypothesis 

(a) There will be an altered expression of epidermal growth factor receptor (EGFr) in 

oral dysplastic lesions and squamous cell carcinomas (OSCC). The above normal levels 

of the growth factor receptor may show a positive correlation with the degree of dysplasia 

and the appearance of OSCC. The different degrees of dysplasia may also show an 

increase in the intensity of staining reaction for the EGF receptor when compared to 

normal and hyperplastic oral tissues. 

(b) Although normal cells in an epithelium express only very little quantities of p53 
protein, the cellular changes that are taking place in the epithelium during the process of 

carcinogenesis makes the epithelium increasingly positive for the expression of p53 

oncoprotein from a stage of premalignant lesion to squarnous cell carcinoma through . 

various degrees of dysplasia. Hence, like any other given samples, East Indian samples 

of oral squamous cell carcinomas may also show a higher incidence of p53 oncoprotein. 

However, a recent study conducted by Ranasinghe et al. (1993) showed only a low 

prevalence of expression of the oncoprotein p53 (11%). It is possible that the 

oncoprotein is necessary only at certain point during the process of carcinogenesis other 

than the very initial step, and that it may complement many other like-proteins which are 

co-expressed or over-expressed during the process. If this holds true for the process of 

carcinogenesis in oral squamous cell tumours, it seems that there could be some 

discrepancies in the results obtained by Ranasinghe et al. (1993). If the prevalence of 

expression of oncoprotein p53 is going to be lower than what is expected, then that points 

towards different factors, including genetic susceptibility that are of etiologic importance 

in the development of oral carcinomas in India and elsewhere. 



2.1 Objectives of the study 

Experiment 1. Expression of Epidermal Growth Factor Receptor in Oral SCCs. 

The primary aim of the study was to investigate the expression of epidermal 

growth factor receptor (EGFr) in: 1) normal and hyperplastic oral epithelium; and 2) 

mild, moderate and severe dysplastic lesions, carcinoma in situ, and squamous cell 

carcinoma of oral mucosa. The results of the studies conducted by Shirasuna et al. (1991) 

and Kunikata et al. (1992) on EGFr failed to produce consistent results (Tables 3 and 4). 

The present study was the first of its kind to look at the expression of EGFr in Canadian 

samples using immunohistochernical methods. More samples of oral dysplastic lesions 

. (Table 6) were included in the proposed study. 

Experiment 2. Over-expression of p53 in oral SCCs. 

Most of the studies have suggested that there is a six-fold increase in the 

expression of p53 oncoprotein in oral SCCs. On the contrary, one of the studies 

conducted by Ranasinghe et al. (1993) stated that the expression of p53 oncoprotein in 

oral squamous cell carcinomas is very low. Hence, the second objective of this project 

was to determine the extent and pattern of expression of the oncoprotein p53 in oral 

squamous cell carcinoma samples from Kerala, Southern India, where the population is 

exposed to the same etiologic factors in the same geographical location. 



2.2 Staining and grading and statistical analysis of the lesions 

The staining reactions were graded into moderate, strong and very strong 

categories by visual observation while the pattern was graded according to the presence 

or absence of membrane-bound staining in given area and also whether the positive cells 

were seen in a whole given field (cell membrane positive, CMB; Kearsley et al., 1991; 

Yamada, Takagi and Shioda, 1992). The staining pattern was considered to be focal cell 

membrane type (FCMB) when occasional positive cells were seen in a given field 

(Kunikata et al., 1992). The EGFR staining in different epithelial layers was recorded for 

each case according to the number of compartments involved and the intensity of staining 

into different grades by visual observation. According to the number of layers involved 

in the staining reaction, the slides were classified into two types: Grade 1, where only 

basal and a few layers of the parabasal cells were involved (Lower compartment of cells); 

and Grade 2, when the staining extended beyond the parabasal layers to the upper spinous 

layers (including both lower and upper compartments of cells). Since some slides 

showed variation in the staining of different epithelial layers, the grade for the staining of 

epithelial layers of a slide was based on the area with staining of the most epithelial - 

layers. Since some slides showed variation in staining intensity from area to area, the 

grade for the staining intensity of a given slide was based on the area with the maximum 

staining intensity. 

The intensity of p53 oncoprotein staining reaction was graded as follows: negative 

or equivocal (- or k); weakly positive (+); moderately positive (++); strongly positive 

(+++); and very strongly positive (++++). The pattern of the staining for p53 positive 

cells was classified according to the number of positive cells in a given field; scattered 

when only a few positive single cells were seen in a given field, and diffuse when a large 

number of positive cells were clumped together in a given area (Zhang et al., 1993). Chi- 

square ( X 2 )  tests of independence were performed to examine the association between 

staining intensity (measured on a 4-point scale) and degree of dysplasia. To analyze the 

correlation between the expression of p53 oncoprotein and the chewing habits (frequent 

chewers Vs infrequent chewers), the Fisher Exact test of significance and regression 

statistics (for r value) was used. 
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Chapter 3. Over-expression of Epidermal Growth Factor Receptor on Oral SCCs 



3.0 Materials for EGFR 

The human oral dysplasia specimens and SCCs were obtained from archival 

paraffin blocks processed in the Department of Oral Pathology at The University of 

British Columbia (UBC) Hospital, Vancouver, Canada. The premalignant lesions were 

classified into mild, moderate and severe dysplasia. The cases of severe dysplasia also 

contained carcinoma-in-situ (CIS) cases as the histopathological differences between 

these two lesions are often subjective and difficult to differentiate (Table 6). 

Furthermore, both the lesions tend to show similar ratings of prognosis. Samples of 

hyperplastic oral lesions served as positive controls for the immunohistochemical 

detection of EGFR. The diagnosis of the dysplastic lesions was confirmed by two Oral 

Pathologists from UBC, Drs. R.W. Priddy and L. Zhang, without prior knowledge of the 

original diagnosis. The detailed history of the patients is shown in Appendix 2, along 

with the results of staining reactions. 



3.1 Immunohistochemical detection of EGFR 

Routinely processed five-micron sections were dewaxed with xylene (3X 10 min), 

hydrated through serial alcohols (4x5 min), and then washed with PBS (pH 7.6) for 3x5 

min. Following the endogenous peroxidase block with a 3% solution of hydrogen 

peroxide in water at room temperature for 30 min, the tissue sections were rinsed with 

PBS 2x5 min, treated with pepsin (1 mglrnl in 1N hydrochloric acid) at 37•‹C for 5 min 

for antigen retrieval (Brozman, 1978), and then rinsed again with buffer for 3x5 min. In 

the next step, following overnight incubation at 4•‹C with the prediluted primary antibody 

(EGFR, Biogenex, San Ramon, CA) at a further dilution of 112 to the buffer, the tissue 

sections were rinsed with buffer for 2x5 min, and then incubated with prediluted 

biotinylated mouse anti-immunoglobulins containing 1% human serum (Link: Ready-to- 

use kit, Biogenex, CA) at room temperature for 30 minutes (Hsu, Raine and Fanger, 

1981). After thorough rinsing with buffer for 2x5 min, the slides were again incubated 

with prediluted alkaline phosphatase-conjugated streptavidin (Label: Ready-to-use kit, 

Biogenex, CA) at room temperature for 30 minutes and rinsed with buffer for another 10 

min. The slides were then incubated with 0.04% diaminobenzidine hydrochloride- . - 
solution containing 0.02% hydrogen peroxide to trap the peroxidase activity, at room 
temperature for 8 min, counterstained with hematoxylin, neutralized with 1% NH40H, 

rehydrated through ascending range of alcohols, cleared in xylene, and then mounted in 

Permount. 

A known EGFR-positive case of hyperplasia of oral squamous epithelium 

(Fibroepithelial polyp) served as the positive control while the negative control was 

substituted with negative serum (non-immune serum or ascites in PBS with 0.1% sodium 

azide) supplied by the manufacturer. 



3.2 Results 

Table 7 summarizes the EGFR staining intensity in different groups of specimens. 

Normal oral mucosa showed moderate to strong staining (Fig. 4). The majority of 

hyperplastic lesions and dysplastic oral lesions also demonstrated moderate to strong 

EGFR staining (Figs. 5-8), and some hyperplastic and dysplastic oral lesions showed very 

strong EGFR staining. Although there seemed to be a tendency of stronger staining in 

moderately and severely dysplastic lesions as compared to normal mucosa, hyperplastic 

and mildly dysplastic lesions, there was no significant differences among these cases. 

The majority of the oral SCCs (60%) showed a very strong EGFR staining (Fig. 

9) and the average staining intensity of the oral SCCs was significantly higher than that of 

normal oral mucosa, hyperplasia and mild dysplasia (Table 7). The increase in EGFR 

content in SCCs was also demonstrated by the higher staining intensity of the cancer cells 

as compared to the adjacent dysplastic epithelium in 4/10 cases of SCCs (Table 8). 

Furthermore, when the cancer cells showed a very strong EGFR staining, it was rather - 

diffuse compared to other cases. However, 2 cases of SCCs showed a patchy weak to 

moderate EGFR staining with large areas of negative staining while the adjacent 

dysplastic epithelium showed a stronger staining compared to the cancer cells (Table 8). 

There was no relationship between the staining intensity and differentiation of the 

tumours (Table 8). The staining was generally cell membrane type (CMB), though 

equivocal cytoplasmic staining was also noted, especially when the staining was strong. 

Although this was the case, there was no correlation between the presence of the 

equivocal cytoplasmic staining and the histological diagnosis of the lesions. 

Table 9 summarizes the EGFR staining of the epithelial layers in different groups 

of specimens. The basal and parabasal layers were positive in all normal oral mucosa, 

hyperplastic and dysplastic lesions (Figs. 4-7). In addition to basal and parabasal EGFR 

staining, a large percentage of normal oral mucosa, hyperplastic and premalignant oral 

lesions also showed EGFR staining in the upper spinous cell layer (Table 9; Figs. 3,4,7). 

The basal layer showed the maximum intensity of staining with a gradual decline 

corresponding to the differentiation of the keratinocytes. The granular cell and horny cell 

layers were not stained by the antibody. There was no significant difference in the 

staining of the different epithelial layers among the different groups of specimens and 



between the keratinized and non-keratinized specimens, as well as among lesions from 

different oral sites. In all groups of the specimens, the intensity of staining and the 

epithelial layer(s) stained were noted to vary from area to area in some cases (Figs. 6, 7). 

The possibility that such variations might be caused by staining artifact was ruled out by 

the presence of similar variations in serial sections. There were clear differences in the 

distribution of the EGF receptor on neoplastic mucosa when compared to normal mucosa. 

All layers of many tumours stained strongly with anti-EGFR antibody which supports the 

view that there is over-expression of the receptor protein in oral SCCs (Fig. 9). The 

intensity of staining varied from moderate to very strong and in most of the cases the 

cells at the periphery showed a very strong staining with a gradual decline in the intensity 

of staining towards the center of the keratin pearls in the case of well-differentiated 

tumours, paralleling the situation which normally occurs in differentiating layers of oral 

mucosa. The pattern of distribution of the receptor protein also showed a considerable 

amount of variation: In most cases (>90%), the staining was limited to the cell 

membranes (CMB); in some cases the tumour cells showed a strong focal cell membrane- 

bound staining (FCMB). 

3.21 Statistical analysis 

Chi-square (X2) tests of independence were performed to examine the association 

between staining intensity and the degree of dysplasia. Although the staining intensity 

was measured on a 4-point scale (1, weak staining; 2, moderate staining; 3, strong 

staining; and 4, very strong staining), most of the lesions showed a moderate-to-very 

strong intensity of staining. The test was done to see whether there is any linear 

relationship of staining intensity with that of degree of dysplasia. Since the staining 

intensity was measured on a 4-point scale, the tests of means were considered 

inappropriate for analysis of the data. As the chi-square test can handle only a few 

expected cell frequencies less than 5, empty cells create problems for the test. 

In order to avoid problems, rows or columns were combined, including grouping 

'strong' and 'very strong' staining intensity, and grouping A+B (consists of normal and 

hyperplasia) and C+D+E (consists of dysplasia of different degrees) to increase the cell 

frequencies. For this set of data the chi-square (10 df) value was calculated to be 24.32 



with a p-value of 0.007 (Table 10). (No case, except one hyperplasia, reported grade 4 

staining in groups A and B.) To look at the significance of the staining intensity in 

different degrees of dysplasia, another chi-square test was done; the results were not 

significant as the p-value was calculated to be 0.33. This could be due to the fact that the 

distinction between 'strong' and 'very strong' is lost by combining the different 

observations. When the staining intensity of various groups were analyzed by combining 

staining intensities of normal epithelium and the hyperplasia as group 1 (A+B), the 

dysplasias as group 2 (C+D+E) and SCCs as group 3 (F), there was a strong correlation 

and this test has given the most reliable result (p = 0.001 1; Table 11). Group 3 had more 

observations with strong staining. When the dysplasias were compared the p value was 

not that significant (Table 12). In summary, there appears to be an increase in the 

intensity of staining with the appearance of squamous cell carcinoma when compared to 

normal mucosa while the dysplastic lesions do not show much variation in the intensity 

of staining among themselves. 

3.3 Discussion 

In addition to the conflicting data on EGFR expression in oral premalignant and 

malignant lesions, there is no agreement on the normal distribution of EGFR in human 

oral cavity. Although four different groups of researchers have investigated the normal 

irnrnunohistochernical localization of EGFR in the oral cavity of subjects without oral 

SCC, their opinions vary on what epithelial layer(s) is normally stained, and on whether 

keratinization and site of the specimens affect the expression of EGFR (Table 13). The 

irnrnunolocalization of EGFR may be restricted to basal cells (Shirasuna et al., 1991; 

Christensen et al., 1992) or may spread to upper spinous cell layers with a gradual 

decrease in the intensity of staining from basal layers to the top, the basal cells showing 

the maximum intensity of staining (Kunikata et al., 1992; Whitcomb et al., 1993). 

Partridge et al. (1988) have suggested that non-keratinized epithelium demonstrate only 

basal and parabasal cell staining while keratinized epithelium may show additional 

staining in the upper spinous layers. On the other hand, Kunikata et al. (1992) have 

reported negative staining of non-keratinized epithelium from buccal and lingual area. 

Three of the five studies, however, did not observe differences in EGFR staining between 

keratinized and non-keratinized epithelium (Shirasuna et al., 1991; Christensen et al., 

1992; Whitcomb et al., 1993). In agreement with the the aforesaid researchers, this study 

also found no relationship with the intensity of staining and the presence or absence of 



keratin in the epithelium. This may point towards the fact that the degree of 
keratinization may not be a decisive factor in the prediction of staining intensity. In other 

words, the degree of keratinization does not affect the intensity of staining. 

In squamous cell carcinomas, the staining was seen extended to superficial layers 

of the epithelium and this is in agreement with the results obtained by Shirasuna and his 

co-workers (1991). Although this was the case, not all cell layers were involved in 

dysplastic lesions as explained by Christensen and his associates (1992). In contrast, only 

68% of the dysplastic cases from the present study showed the involvement of all layers 

as opposed to Christensen and his co-workers' observation (616 cases). This may be due 

to the fact that cases used by Christensen and his associates in their study were from the 

epithelium lying adjacent to carcinomatous lesions. There are clear differences in the 

distribution of the EGF receptor in neoplastic epithelium when compared to adjacent 

normal mucosa. Results of this study also shows that strong staining is very likely and 

has been reported by many researchers (Partridge et al., 1988; Kearsley et al., 1991). 

Many tumour islands show a strong staining to anti-EGFR antibody but some tumours - 

may show a weak staining pattern (Kearsley et al., 1991). Although many authors have 

suggested that there is over-expression of the receptor protein in oral squamous cell 

carcinomas, the work by Yamada, Takagi and Shioda (1992) and Sakai et al. (1990) have 

pointed out that not all cells stain positive for the receptor. As shown in Table 1, the 

former reported negative staining for EGFr in 49% (23147) cases while the latter reported 

a still higher percent (24128; 89%). This may support the fact that all tumour cells do not 

necessarily require the help of the receptor protein once the malignant transformation sets 

in and that there may be an autocrine-paracrine mechanism of regulation which controls 

the cell growth thereafter. Many authors have suggested the existence of an 

autocrinelparacrine mode of regulation for the growth factor receptor in the development 

of malignancy (Partridge et al., 1989; Todd et al., 1989; Shirasuna et al., 1991; 

Christensen et al., 1993). 

The relationship between the expression of the receptor protein and the degree of 

differentiation is quite controversial. Although most authors have suggested that there is 

an inverse relationship between the degree of differentiation and the expression of the 

receptor protein (Kearsley et al., 1991; Christensen et al., 1992), cases have been reported 

where the expression of the receptor protein shows either no correlation with the degree 



of differentiation (Yamada, Takagi and Shioda, 1992) or is directly related to size and 

local extent of the tumour (Kawamoto et al., 1991). It has also been shown that the 

expression of the receptor also depends on habits like tobacco chewing and drinking and 

that a chronic irritation from these known carcinogens may favor over-expression of EGF 

receptors in oral mucosa (Bergler et al., 1989). Several studies have reported that over- 

expression of EGF receptors has an inverse relationship with prognosis (Kawamoto et al., 

1991). Cells which undergo active mitosis also express above normal levels of EGF 

receptors (Sakai et al., 1990). Dysplastic epithelium expresses above normal levels of 

mRNA transcripts for the receptor protein leading to the conclusion that there is over- 

expression of the receptor (Todd et al., 1991 ; Grandis and Tweardy, 1993). 

In summary, in normal squamous cells of the oral mucosa, the staining for EGF 

receptor is confined to cell membranes of the basal and suprabasal layers as explained by 

Whitcomb, Eversole and Linderman (1993), while squamous cell carcinomas shows cell 

membrane positive staining as cited by Kearsley et al. (1991) and Yamada et al. (1992). 

The 'normal' cells adjacent to squamous cell carcinoma tend to show a cell membrane . 

positive reaction. Hyperplastic and dysplastic lesions will be positive in the basal and 

suprabasal layers with a progressive decrease in the intensity of staining as it moves 

towards the superficial layers, that is, there is a reduction in the number of receptors with 

terminal differentiation (Shirasuna et al., 1991). In the present study, more than 90% of 

the tumour cells showed a very strong cell membrane-bound staining to the anti-EGFr 

antibody. In areas where the staining was either barely visible or weak, the cell 

membranes showed a tendency for very strong focal staining. The results from the 

present study show that the majority of SCCs over-express EGFR and the EGFR staining 

intensity in SCCs is significantly higher than that of normal oral mucosa, hyperplastic 

and mildly dysplastic oral lesions. In 2 cancer cases, however, large proportions of 

cancer cells were negative with patches of cancer cells showing a weak to moderate 

staining, compared to the adjacent non-neoplastic oral mucosa. There are conflicting data 

regarding the relationship between EGFR expression and tumour cell differentiation 

(Ishitoya et al., 1989; Santini et al., 1991; Dassonville et al., 1993). The present study 

found no correlation between cell differentiation and EGFR staining, though the sample 

size was small for statistical analysis. 



There is difference of opinion regarding the cytological localization of EGFR in 

cancer cells using irnmunohistochemical method. In a study conducted by Sakai et al. 
(1990), cytoplasmic staining was found to be the primary staining pattern for oral SCCs: 

all 4 EGFR positive SCCs showed cytoplasmic staining and only 1 of the 4 cases showed 

a few focal cell membrane positive cells. In a number of other studies also cytoplasmic 

staining was noted in a few cancer cells, though the majority of oral SCCs demonstrated 

cell membrane-bound staining (Yamada et al., 1989; Yamada, Takagi and Shioda, 1992; 

Prime et al., 1994). Most studies have not described any cytoplasmic pattern of staining 

either in normal mucosa cells (Whitcomb, Eversole and Lindermann, 1993) or in oral 

cancer cells (Partridge et al., 1988; Shirasuna et al., 1991). Kearsley et al. (1991) 

observed cytoplasmic staining in regions where the staining reaction to the anti-EGF 

receptor antibody was intense. In agreement with their observation, this study also 

reports the presence of cytoplasmic pattern of EGFR distribution in areas where the 

staining intensity is very strong, in all groups of specimens including normal oral mucosa, 

suggesting an artifact in the areas of intense staining. 

Over-expression of EGF receptor is considered to be a hallmark of SCC (Karnata 

et al., 1986; Ozanne et al., 1986; Ozawa et al., 1988; Bergler et al., 1989) and may occur 

independently of c-erb-B-1 activation (Field, 1992; Saranath et al., 1992). It is possible 

that tumours which express excessive amounts of EGF receptor may have enhanced 
proliferation in response to autocrine or paracrine production of TGF-a (Partridge et al., 

1988; Todd et al., 1991). The production of TGF-a may also have a positive feedback- 

like effect and may accelerate the degradation of EGF receptor soon after binding and 

internalization. Ligand binding and subsequent internalization reduces the half-life of the 

receptor and this may, in turn, affect the amount of the receptor protein being recycled or 

the amount of the available (Carpenter, 1984). Recent studies have shown that the 

activated receptor protein acts through a class of compounds termed receptor tyrosine 

kinases (RTKs) (Blenis, 1991; Pelech and Sanghera, 1992; Fantl, Johnson and Williams, 

1993) and that this may have some link between other mitogenic pathways including 

other cellular proteins responsible for cellular proliferation such as p21ras (Davis, 1993; 

Hsuan, 1993; Williams et al., 1993). Over-expression of the receptor may be due to gene 

amplification (Yamamoto et al., 1986; Rikimaru et al., 1992), overproduction of the 

protein itself (Hunts et al., 1985; Prime et al., 1994) andlor production of ligands such as 
z TGF-a which may have an autocrine pathway of regulation (Pingree et al., 1991; Grandis 

and Tweardy, 1992; Christensen et al., 1993; Grandis and Tweardy, 1993). 



3.4 Conclusion 

The results from this study showed no differences in EGFR staining between 

keratinized and non-keratinized epithelium, including normal mucosa, hyperplastic and 

dysplastic epithelium, and no differences in staining reactivity in specimens from 

different anatomical locations. That genetic abnormalities play a crucial role in the 

multistage process of head and neck cancer is a well known fact now. The process of 

carcinogenesis is driven by disregulation of cellular proliferation and differentiation 

owing to the constant exposure of the epithelium, especially the the one of the upper 

aerodigestive tract, to various carcinogens. The finding of genotypic abnormalities in 

precancerous lesions adjacent to oral SCCs reveal that there is a strong relationship 

between the genetic abnormalities and the process termed 'field cancerization' (Hittelman 

et al., 1991; Voravud et al., 1993). Field cancerization is the phenomena by which the 

epithelium becomes 'condemned' or predisposed to disregulated growth as evidenced by a 

higher incidence of second primary lesions at the same time or following the primary 

carcinomas in the head and neck region. It has been shown that in patients with primary 
head and neck carcinomas, 4-8% tend to show synchronous second primary lesions and - 
4-13% tend to develop metachronous lesions (Shibuya et al., 1986). 

Most of the available data (including the results of the present study) do, however, 

support that EGFR may be a good marker for oral SCC and that EGFR may play 

important roles in the maintenance of oral SCCs, as a significant percentage or the 

majority of oral SCCs have been found to show over-expression of EGFR, even though 

some SCCs express a decreased level of EGFR instead. Some studies have shown the 

reduction of EGFR in malignant tumours may be due to occupation and down-regulation 

in response to autocrine secretion of growth factors (Nazmi et al., 1990). The 

information on over-expression of EGFR in oral SCCs may improve diagnosis and 

treatment options for patients with oral SCCs. The high content of EGFR in oral SCCs 

may make it possible to detect metastasis of oral SCC using receptor-directed labeling 

technique (Soo et al., 1987; Grandis and Tweardy, 1992). Yoneda et al. (1991) reported 

that the growth of a cell line from an oral SCC with EGFR over-expression was 

dependent upon the EGFR pathway and administration of an anti-EGFR monoclonal 

antibody inhibited the growth of the cancer both in vitro and in vivo. Similar therapeutic 

use of anti-EGFR monoclonal antibody has been reported in animal studies (Masui et al., 

1986) and in other human cancers (Divgi et al., 1991). 



The second primary lesions are thought to arise independently after exposure to a 

common carcinogen by the process of field cancerization (Grandis and Tweardy, 1993; 

Voravud et al., 1993). The development of efficient clinical trials for the prevention of 

aerodigestive tract premalignant and malignant lesions depends on the identification of 

individuals at risk who may benefit by intervention trials (Kelloff et al., 1992). In order 

to make the results statistically significant large samples are very essential and so are 

extended study periods. It may be possible that in future, innovative therapies may be 

developed using monoclonal antibodies directed towards EGF receptor (Grandis & 

Tweardy, 1992). Monoclonal antibodies directed towards the EGF receptor may become 

a breakthrough in the field of Preventive Oncology and Therapeutics. Advanced 

techniques like polymerase chain reaction (PCR), and in-situ hybridization (ISH) and its 

modifications (e.g., Fluorescence in-situ hybridization, FISH), are valuable tools that 

would help researchers to decipher the mechanisms of tumourigenesis from a molecular 

viewpoint (Pate1 et al., 1994a). 



References 

Brozman, M. Immunohistochernical analysis of formaldehyde- and trypsin or 

pepsin-treated material. Acta Histochem. Cytochem. 63: 25 1-260, 1978. 

Bergler, W., H. Bier and U. Ganzer. The expression of epidermal growth factor 

receptors in the patients with oral cancer. Arch. Otorhinolaryngol. 246: 121-125, 1989. 

Blenis, J. Growth-regulated signal transduction by the MAP kinases and RSKs. 

Cancer Cells 3: 445-449, 199 1. 

Carpenter, G. Properties of the receptor for epidermal growth factor receptor. 

Cell 37: 357-358, 1984. 

Christensen, M.E., M.H. Therkildsen, B.L. Hansen, G.N. Hansen and P. Bertlau. 

Immunoreactive transforming growth factor alpha and epidermal factor in oral squarnous 

cell carcinomas. J. Pathol. 169: 323-328, 1993. 

Christensen, M.E., M.H. Therkildsen, B.L. Hansen, H. Albeck, G.N. Hansen and 

P. Bretlau. Epidermal growth factor receptor expression on normal oral mucosa, 

dysplastic epithelium and squarnous cell carcinomas. Eur. Arch. Otorhinolaryngol. 249: 

243-247, 1992. 

Dassonville, O., J.L. Formento, M. Francoual, A. Ramaioli, J. Santini, M. 

Schneider, F. Demard and G. Milano. Expression of epidermal growth factor receptor 

and survival in upper aerodigestive tract cancer. J. Clin. Oncol. 10: 1873- 1878, 1993. 

Davis, R.J. The mitogen-activated protein kinase signal transduction pathway. J. 

Biol. Chem. 268: 14553- 14556, 1993. 

Divgi, C.R., S. Welt, M. Kris, et al. Phase I and imaging trial of in1''-labeled 

anti-EGF receptor monoclonal antibody 225 in patients with squamous cell lung 

carcinoma. J. Natl. Cancer Inst. 83: 97- 104, 199 1. 

Fantl, W.J., D.E. Johnson and L.T. Williams. Signalling by receptor tyrosine 

lunases. Ann. Rev. Biochem. 62: 453-481, 1993. 



Field, J.K. Oncogenes and oncosuppressor genes in squamous cell carcinomas of 

head and neck. Oral Oncol., Eur. J. Cancer 28B: 67-76,1992. 

Grandis, J.R. and D.J. Tweardy. Elevated levels of transforming growth factor 

alpha and epidermal growth factor receptor messenger RNA are early markers of 

carcinogenesis in head and neck cancer. Cancer Res. 53: 3579-84, 1993. 

Grandis, J.R. and D.J. Tweardy. The role of peptide growth factors in head and 

neck carcinoma. Otolaryngol. Clin. North. Am. 25: 1 105-1 115, 1992. 

Hittelman, W.N., J.S. Lee, N. Cheong, D.M. Shin and W.K. Hong. The 
chromosome view of "field cancerization" and multistep carcinogenesis. Implications for 

chemopreventive approaches. In: Chemoimmuno Prevention of Cancer. U. Pastorino and 

W.K. Hong. eds., Thieme Verlag, New York, 1991, pp. 41-47. 

Hsu, S.M., L. Raine and H. Fanger. Use of avidin-biotin-peroxidase complex 

(ABC) in irnrnunoperoxidase techniques: A comparison between ABC and unlabeled . - 

antibody (PAP) procedures. J. Histochem. Cytochem. 29: 577-580, 198 1. 

Hsuan, J.J. Oncogene regulation by growth factors. Anticancer Res. 13: 2521- 

2532, 1993. 

Hunts, J., M. Ueda, S. Ozawa, 0 .  Abe, I. Patan and N. Shirnitzu. Hyper- 

production and gene amplification of the epidermal growth factor receptor in squamous 

cell carcinomas. Jpn. J. Cancer Res. 76: 663-666, 1985. 

Kamata, N., K. Chida, K. Rikimaru, M. Horihoshi, S. Enomoto and T. Kuroki. 

Growth-inhibitory effects of epidermal growth factor and over-expression of its receptors 

in human squamous cell carcinomas. Cancer Res. 46: 1648-53, 1986. 

Kawamoto, T., K. Takahashi, M. Nishi, T. Mimura, T. Matsumara and S. 

Taniguchi. Quantitative assay of epidermal growth factor receptor in human squamous 

cell carcinomas of the oral and pharyngeal region by an avidin-biotin method. Jpn. J. 

Cancer Res. 82: 403-410, 1991. 



Kearsley, J.H., J.H. Leonard, M.D., Walsh and G.R. Wright. A comparison of 
EGF receptor and c-erbB-2 oncogene expression in head and neck SCCs. Pathology 23: 

189-194, 1991. 

Kelloff, G.J., W.F. Malone, C.W. Boone, V.E. Steele and L.A. Doody. 

Intermediate biomarkers of precancer and their application in chemoprevention. J. Cell. 

Biochem. Suppl. 16G: 15-21, 1992. 

Kunikata, M., K. Yamada, T. Yamada, M. Mori, Y. Tatemoto and T. Osaki. 

Epidermal growth factor receptor in squamous cell carcinomas and other lesions of 

squamous origin. Acta. Histochem. Cytochem. 25: 387-394, 1992. 

Masui, H., T. Moroyama and J. Mendelson. Mechanism of antitumour activity of 

in mice for anti-epidermal growth factor receptor monoclonal antibodies with different 

isotypes. Cancer Res. 46: 5592-5598, 1986. 

Nazrni, M.N., P.J. Dykes and R. Marks. Epidermal growth factor receptors in - 

human epidermal tumours. Br. J. Demzatol. 123: 153- 161, 1990. 

Ozanne, B., C.S. Richards, F. Hendler, D. Burns and B. Gusterson. Over- 

expression of the EGF receptor is a hallmark of squamous cell carcinomas. J. Pathol. 

149: 9-14, 1986. 

Ozawa, S., M. Ueda, N. Ando, 0 .  Abe and N. Shimizu. Epidermal growth factor 

receptor in cancer tissues of esophagus, lung, pancreas, breast and colorectum. Jpn. J. 

Cancer Res. 79: 120 1 - 1207, 1988. 

Partridge, M., W.J. Gullick, J.D. Langdon and M. Sherriff. Expression of EGFr on 

oral squamous cell carcinoma. Br. J. Oral Maxillofac. Surg. 26: 381-389, 1988. 

Patel, V.G., A. Shum-Siu, B.W. Heniford, J.T. Wieman and F.J. Hendler. 

Detection of epidermal growth factor receptor mRNA in tissue sections from biopsy 

specimens using in situ Polymerase Chain Reaction. Am. J. Pathol. 144: 7-14, 1994a. 

Pelech, S.L. and J. Sanghera. Mitogen-activated protein kinases: versatile 

transducers for cell signalling. Trends Biochem. Sci. (TZBS) 17: 233-238, 1992. 



Pingree, T.F., E.A.A. El-Zayat, P.M. Mock, G.M. Clark, R.A. Otto and D.D. Von 

Hoff. Epidermal growth factor receptor amplification in head and neck cancer. 

Presented: 37 t h~nnua l  Meeting of The Society of Head and Neck Surgeons. April 3oth- 

May qth, Honolulu, Hawaii, 1991. 

Prime, S.S., S.M. Game, J.B. Matthews, A. Stone, M.J. Donnelly, W.A. Yeudall, 

V. Patel, R. Sposto, A. Silverthorne and C. Scully. Epidermal growth factor and 

transforming growth receptor a characteristics of human oral carcinoma cell lines. Br. J. 

Cancer 69: 8- 15, 1994. 

Rikimaru, K., K. Tadokoro, T. Yamamoto, S. Enomoto and N. Tsuchida. Gene 

amplification and over-expression of EGF receptor in squamous cell carcinomas of the 

head and neck. Head Neck 14: 8- 13, 1992. 

Sakai, H., K. Kawano, K. Okamura and N. Hashimoto. Irnrnunohistochemical 

localization of c-myc oncogene product and EGF receptor in oral squamous cell 

carcinomas. J. Oral Pathol. Med. 19: 1-4, 1990. 

Santini, J., J.L. Formento, M. Frauncoual, G. Milano, M. Schneider, 0 .  

Dassonville and E. Demard. Characterization, quantification and potential clinical value 

of epidermal growth factor receptor in head and neck squamous cell carcinomas. Head 

Neck 13: 132- 139, 199 1. 

Saranath, D., R.G. Panchal, R. Nair, A.R. Mehta and M.G. Deo. Amplification 

and over-expression of EGF receptor gene in human oropharyngeal cancer. Oral Oncol., 

Eur. J. Cancer 28B: 139-143, 1992. 

Shirasuna, K., Y. Hayashido, M. Sugiyama, H. Yoshioka and T. Matsuya. 

Irnmunohistochemical localization of epidermal growth factor in human oral mucosa and 

its malignancy. Virchows Arch. A. Pathol. Anat. Histopathol. 418: 449-453, 1991. 

Soo, K.C., K.R. Roberts, R.L. Carter, et al. Radioimmuno-scintigraphy of 

squamous cell carcinomas of the head and neck. Head Neck 9: 349-352, 1987. 



Todd, R., R.B. Donoff, R. Gertz, A.L. Chang, P. Chow, K. Matossian, J. 

McBride, T. Chiang, G.T. Gallagher and D.T. Wong. TGF-alpha and EGF receptor 
mRNAs in human oral cancer. Carcinogenesis 10: 1553-1556, 1989. 

Whitcomb, S.S., L.R. Eversole and R.A. Lindermann. Immunohistochemical 

mapping of epidermal growth-factor receptors in normal human oral soft tissue. Arch. 

Oral Biol. 38: 823-826, 1993. 

Williams, R., J. Sanghera, F. Wu, D. Carbonaro-Hall, D.L. Campbell, D. 

Warburton, S. Pelech and F. Hall. Identification of human epidermal growth factor 

receptor-associated protein kinase as a new member of the mitogen-activated protein 

kinaselextra cellular signal-regulated protein kinase family. J. Biol. Chem. 268: 18213- 

1817,1993. 

Yamada, K., K. Iwai, Y. Okada and M. Mori. Irnrnunohistochemical expression 

of epidermal growth factor receptor in salivary gland tumours. Virchows Arch. A. Anat. 

Pathol. Histopathol. 415: 523-53 1, 1989. 

Yamada, T., M. Takagi and S. Shioda. Evaluation of epidermal growth factor 

receptor in squamous cell carcinomas of the oral cavity. Oral Surg. Med. Pathol. 73: 67- 

70, 1992. 

Yamamoto, T., N. Kamata, H. Kawano, et al. High incidence of amplification of 

epidermal growth factor receptor gene in human squamous cell carcincima cell lines. 

Cancer Res. 46: 4 14-4 16, 1986. 

Yoneda, T., M.M. Alsina, K. Watatani, F. Bellot, J. Schlessinger and G.R. 

Mundy. Dependence of human squamous carcinoma and associated paraneoplastic 

syndromes on the epidermal growth factor receptor pathway in nude mice. Cancer Res. 

51: 2438-2443, 1991. 



Chapter 4. Over-expression of p53 in oral SCCs from Kerala 



4.0 Materials for p53 

The tissue sections for immunohistochemical detection of p53 were obtained 

through Dr. Ambika (Professor, Division of Oral Pathology, Dental College, Trivandrum, 

Kerala, India). A detailed history of chewing, smoking and drinking habits were recorded 

during routine clinical examination (Tables 14 and 14a). 

4.1 Patient Data 

Cases for the present study were randomly selected from the formalin-fixed, 

paraffin-embedded archival material collected during the period of 1990-1993, in the 

Department of Oral MedicinePathology, Dental College, Trivandrum, Kerala, India. The 
' cases include 12 females and 1 1 males with an average age of 58.3 (40-75). It was 

difficult to record the habits in some cases, either because of the patients were too shy to 

express themselves or because of their forgetfulness. Only one patient reported a history 

of occasional cigarette smokmg. The socioeconomic status of the subjects was classified 

according to the guidelines suggested by Leete and Fox (1977): Class I, Professionals; . 

Class 11, Non-professional and Managerial; Class 111, Non-manual or Manual Skilled; 

Class IV, Manual Unskilled. Thus, the sample for the present study showed a 

heterogeneous nature with respect to their cultural (Hindus, Christians and Muslims) and 

socioeconomic aspects. 

Chewing habits. The chewing mixture generally contains the following substances: 

betel leaf, tobacco (processed or raw), slaked lime and areca nut. The mixture does not 

contain any other special ingredients as observed in other parts of the Indian 

subcontinent. Furthermore, all substances are used fresh. According to the frequency of 

chewing, the patients were classified into heavy chewers (10-15 betel quidslday), 

moderate chewers (5-9 betel quidslday) and occasional chewers (4 betel quidslday). 

Most of the patients in this study were chronic chewers who were habitual chewers for 

more than 20 years. Some of the subjects also happened to be chronic smokers who 

smoked bidis for more than 20 years. Previous studies have reported that people in most 

regions of Kerala use all ingredients of the chewing material while fresh (Om, 1933; 

Hirayarna, 1966; Sankaranarayanan et al., 1990). 



Smoking habits. According to the number of bidislcigarettes smoked per day, the 

patients fell into three different groups: occasional smokers ( 4  bidis or cigarettes per 

day), moderate smokers (5-20 bidislday) and heavy smokers (20+lday). A majority of the 

patients reported having chewed the quids and smoked bidis throughout the day. As the 

majority of the patients in this study were from lower socioeconomic classes (In and IV, 

see below), they preferred bidis to cigarettes. Bidis are a form of local cigarette made by 

wrapping less than 0.5 g of coarse tobacco in a dry temburni (Diospyros melanonylon) 

leaf. It is cheaper than cigarette. 

Alcohol habits. Most of the patients in this study group came from a rural population, 

where they prefer home-brewed liquor (ArracWToddy) to whisky or other types of drinks. 

This home-brewed variety has been estimated to contain about 50% ethanol. Although it 

was difficult to extract the exact details of alcohol consumption, all patients who drank 

alcohol reported an approximate amount of alcohol they have consumed on a daily basis. 

Hence, they were classified into mild drinkers who used only less than 2 ounces of 
alcohol per day, moderate drinkers, where the intake was between 2-4 ounces of alcohol . ' 

per day and heavy drinkers, where the alcohol consumption was over 5 ounces per day. 



4.2 Immunohistochernical detection of p53 oncoprotein 

After dewaxing with xylene (3x10 min) and dehydrating through serial alcohols 
(4x5 min), routinely processed 5p sections were microwaved with 1% solution of PbAc2 

at high intensity for 1 rnin, followed by leaving the slides in the solution for another 9 

min in order to retrieve the antigen of interest (modified from Shi et al., 1991). After 

rinsing with distilled water and blocking the endogenous peroxidases with 0.6% 

hydrogen peroxide in methanol at room temperature for 30 min, the tissue sections were 

rinsed with PBS (pH 7.3) for 3x5  min, and then treated with normal horse serum 

(Vectastain ABC kit) at room temperature for 1 hour to block background staining (Hsu, 

Raine and Fanger, 1981). Following an overnight incubation at 4OC with the primary p53 

antibody (Dimension Labs, Mississauga, ON), the slides were washed with buffer, 

incubated with the secondary antibody (Biotinylated mouse immunoglobulins; Vector 

ABC kit) at room temperature for 1 hour. This was followed by another 1 hour 

incubation with avidin-biotin complex conjugated to horse radish peroxide (Vectastain 

ABC kit). After rinsing with buffer for 5 min, the slides were incubated with 

diarninobenzidine peroxidase substrate to trap the peroxidase reaction, counterstained . . 

with Gill's hematoxylin, rehydrated through ascending range of alcohols, cleared in 

xylene, and then mounted in Permount. A known p53-positive case of oral carcinoma 

served as the positive control while the negative control was substituted with PBS (Zhang 

et al., 1993). 

4.3 Results 

In this study, over-expression of p53 oncoprotein was detected in 13/23 cases of 

squamous cell carcinomas of the oral cavity. The immunostaining reactions for 

oncoprotein p53 within the tumour cell populations were confined to the cell nuclei. 

Well differentiated tumours showed a strong immunostaining for p53 along the periphery 

of the tumour nests where the cells were actively proliferating, whereas the center of the 

keratin pearls remained negative for the staining (Fig. 10). As shown in Table 15, among 

the 14 cases of positive SCCs, 5 cases showed strong staining (+++), 7 cases showed 

moderate staining (++), and 2 showed a weak staining (Ad+). The pattern of staining also 

showed a significant difference amongst the 14 positive cases; most of the cases (1 1/14) 

showed a diffuse pattern of staining with the remaining cases being scattered in nature. 
Verrucous carcinoma samples showed weak-to-strong staining. Normal epithelium in 



adjacent areas of the carcinomas remained negative for imrnunostaining. The present 

study found no significant relationship in the expression of the oncoprotein with respect 

to the site of lesion (Table 16). In most of the p53 positive cases, the subjects had a 

history of chronic chewing, chewing and smoking, and chewing and smoking coupled 

with drinking habits. One of the male patients with a positive history of drinking, showed 

a negative reaction to the anti-p53 antibody. In the case of chewers, the staining intensity 

showed a significant correlation between the number of the betel quids chewed per day as 

shown in Table 17. Over-expression of the p53 oncoprotein showed a slight predilection 

for the male sex and most of them had smoking habits coupled with chewing [7/11 (63%) 

males Vs 6/12 females, (50%)]. 

4.31 Statistical analysis of p53 expression 

As shown in Table 18, to analyze the data, the Fisher Exact test of significance for 

association between two binary variables was used. It is useful replacement for the 

common X2 test in the case of 2x2  table where some of the cells have very small - 

frequencies. The p-value for the test was recorded as 0.001 1, indicating a highly 

significant association between the number of betel quids chewed per day and a positive 

p53 reaction. The positive predictive value is the probability of a positive p53 reaction 

test in a subject who chews 5 or more quids per day with different combinations of 

tobacco, lime, areca nut and betel leaf (frequent chewer); the negative predictive value is 

the probability of negative p53 reaction in a subject who chews less than 5 quids per day 

with different combinations of tobacco, lime, areca nut and betel leaf (infrequent chewer). 

In this sample, the positive predictive value was found to be 14/15 (93%) and the 

negative predictive value was 616 (100%). This shows that a frequent tobaccohetel quid 

chewer has 93% likelihood of a positive p53 compared to an infrequent chewer who has 

100% likelihood of negative p53 reactions. Further analysis also showed that there is 

strong correlation between the number of betel quids chewed per day and the intensity of 

staining (Table 19). In order to overcome technical difficulties, the regression analysis 

was carried out using median value for the number of betel quids chewed per day for each 

group. The p value was calculated to be 0.0001 (r= 0.8). 



4.4 Discussion 

A number of studies have shown that normal p53 acts as a molecular policeman 

which monitors genetic damage, or strand breaks in the DNA (Lane and Benchimol, 

1990; Montenarh, 1992). It is postulated that p53 could have both a role in regulating 

transcription of genes that suppress cell proliferation, perhaps those affecting passage 
from late GI to S phase of the cell cycle (Levine, Momand and Finlay, 1991), and a 

biological function as a GI checkpoint control allowing the repair of DNA damage (Lane, 

1992). The wild-type of the protein has a shorter half-life when compared to mutant 

variety of the protein which is more stable and is, in part, responsible for malignant 

transformation (Nigro et al., 1989; Gusterson et al., 1991). Over-expression of the p53 

oncoprotein has been reported in oral squamous cell carcinomas as shown in Table 5. 

The staining intensity of p53 also shows a linear correlation with increasing degrees of 

dysplasia and the appearance of SCC (Zhang et al., 1993). Since more than half of the 

cases that have been studied here shows the presence of p53 oncoprotein, it is possible 

that mutation of p53 plays a role in the progression of oral malignancies from a state of 

dysplasia to squamous cell carcinomas. It is also possible that there may be mutation in - 

one of the alleles, and the remaining allele is lost during a later period. It has been 

suggested that mutation in one of the alleles and/or loss of the remaining allele leads to 

malignant transformation (Hinds et al., 1989; Hinds et al., 1990; Hollstein et al., 1991; 

Brachman et al., 1992; Sakai et al., 1992; Somers et al., 1992; Kim et al., 1993). The fact 

that the expression of the protein is higher for oral SCCs demonstrating more than 40% of 

cells with binding to proliferating cell nuclear antigen (PCNA) shows that malignancy 

might be promoted due to an increase in the cell cycle somehow related to p53 

oncoprotein expression (Nishioka et al., 1993). 

Soussi et al. (1994) have suggested that more than 90% of missense mutations 

account for the immunohistochemically detectable p53 whereas nonsense mutations, 

which arise from alterations in nucleotide sequences that convert triplet codings for given 

amino acids into termination codons, and/or deletions are not immunohistochernically 

detectable. The loss of function of the wild-type allele and/or the presence of missense 

mutations may, in part, explain the increased positive p53 staining in oral carcinomas. It 

may also be due to the fact that the present study used a special technique to retrieve the 

antigen. Further experimental evidence is needed to support this view. As the staining 

reaction of the protein is limited to the nucleus, it appears that the mutant protein that 



have acquired a dominant transforming activity remain in the nucleus (Langdon and 

Partridge, 1992; Nishioka et al., 1993). The process of carcinogenesis is presumed to be 

talung place in a step-wise manner: multiple genetic changes are required before a normal 

cell turns fully neoplastic (Shin et al., 1994). Etiological factors such as tobacco and 

alcohol have been shown to induce a variety of genetic changes in human neoplasia 

including head and neck, and oral squamous cell carcinomas (Casson et al., 1991; 

Brachman et al., 1992; Sakai et al., 1992; Somers et al., 1992; Boyle et al., 1993; 

Caamano et al., 1993; Kim et al., 1993; Yin et al., 1993; Field et al., 1994). Tobacco has 

also been implicated in the causation of lung cancer (Westra et al., 1993) and bladder 

cancer (Habuchi et al., 1993; Zhang et al., 1994). 

Several investigators have suggested that unrepaired DNA damages might lead to 
mutation in the p53 gene by inducing G+T transversions (Hollstein et al., 1991; Puisieux 

et al., 1991; Field, Spandidos and Stell, 1992; Lee et al., 1993; Field et al., 1994). Most 

of the carcinogens are able to induce mutations in exons 5-9 of p53 gene and the most 

commonly observed changes are the G+A transitions (Sakai et al., 1992; Boyle et al., . - 
1993; Kim et al., 1993) and G+T transversions (Somers et al., 1992; Largey et al., 1993). 

It has also been suggested that in vitro immortalization is a rate-limiting step in 

carcinogenesis. Recent studies have shown that p53 is needed for immortalization and 

that the gene may get inactivated by factors such as HPV types 16 and 18 (Crook et al., 

1991; Bums et al., 1993; Kim et al., 1993) or it may have some role in programmed cell 

death or apoptosis (Donhower, 1994; Lane, 1994). The wild-type p53 gene product can 

reduce the transforming efficiency of many oncogenes and can suppress tumour growth, 

whereas mutant forms can lead to malignant transformation, especially when the protein 

is co-expressed with cellular oncogenes such as ras (Hinds et al., 1989; Hinds et al., 

1990; Shaulsky et al., 1990; Pierceall et al., 1992). 

The results of this study although differ from that of Ranasinghe and his 

associates (1993), strongly suggests that p53 oncoprotein is involved in the 

tumourigenesis of oral SCCs. Recent studies have shown that p53 may play an important 

role in the causation of oral cancers in habitual tobaccohetel quid chewers, and that the 

expression of p53 oncoprotein shows a relationship with the number of quidslday and the 
i 
f frequency of chewing (Kaur, Srivastava and Ralhan, 1994). Studies have also shown that 

ras oncogene and p53 gene form the part of the machinery which controls cellular 



proliferation andor differentiation. In normal cells, cyclin-dependent kinases (CDK) 

exist in multiple active forms containing cyclins, proliferating nuclear antigen (PCNA), 

and p21 (Draetta, 1990). As such, p21 is considered to be an inhibitor of cellular 

proliferation. Studies by Xiong, Zhang and Beach (1993) have shown that there is loss of 

p21 protein from CDK complexes in cells obtained from patients with Li-Fraumeni 

Syndrome (LFS), a syndrome that represents an inherited familial disorder with a 

relatively high susceptibility for early onset of various tumours (Li and Fraumeni, 1969). 

It is known that LFS patients already have a copy of p53 mutant allele while the 

remaining wild-type p53 allele might undergo mutation (Srivastava et al., 1990; Lozano, 

Hasen and Strong, 1994) and that their cells carry no known DNA viruses (Xiong et al., 

1993). Therefore, the loss of p53 gene may alter normal functioning of the cell cycle and 

the functions of other cell cycle-associated proteins which act to cooperate during 

malignant transformation (Hinds et al., 1990). 

It is possible that the normal tumour suppressor function of p53 is mediated 

through p21 or p21 is dependent upon the p53 pathway to effect the changes in cell . . 

proliferation and CDK complexes (Werness et al., 1990; Blanton et al., 1991; Watling, 

Gown and Coltrera, 1992; Xiong, Zhong and Beach, 1993). Although the incidence of 

ras mutations is comparatively low in oral squamous cell carcinomas in Western 

countries (Rumsby et al., 1990; Chang et al., 1991) and Japan (Sakai et al., 1992), H-ras 

analysis in the Indian oral cancer patient group (Bombay) has revealed a high percentage 

of tumour-associated loss of heterozygosity (LOH) in about 35% of the cases (Saranath et 

al., 1991). A still higher percent of ras mutation (50-70%) has been documented in oral 

SCC from Kerala and this study has also shown that the ras oncogene is, in part, 

responsible for malignant transformation (Kannan et al., 1993). Hence, it is possible that 

there may be co-expression of p53 with the mutation of H-ras and that these mutated 

proteins are essential for malignant transformation or may have a synergistic effect on 

malignant transformation at least in some oral cancers caused by tobaccohetel quid 

chewing. Also, the ingredients of the betel quid may play a decisive role in the causation 

of p53 mutations. As the betel quid in Kerala does not contain any additional spices (Om, 

1933; Sankaranarayanan et al., 1989, 1990) as opposed to Northern India (Sanghvi, 198 1) 

or Sri Lanka (Seneviratna and Uragoda, 1973), it may be possible that this patient group 

lack the protective effects, if at all they have any, from these added condiments. 



The phenolic compounds in areca nut may trap nitrites and may exhibit a strong 

anticlastogenic and antimutagenic effect (Stich and Rosin, 1984, 1984a), but these 

compounds may show chromosome damaging effects when used in combination with 

other ingredients of the betel quid such as tobacco, catechu, betel leaf, lime, and spices 

and flavoring agents (Nair et al., 1985; Nair et al., 1991; Dave, Trivedi and Adhavryu, 

1992). Studies have shown that the exposure time to the carcinogens in tobacco and the 

age at the very first exposure is quite significant in the causation of oral cancers (Nair et 

al., 1985; Dave, Trivedi and Adhvaryu, 1991; Kayal et al., 1993). Such factors as the 

duration of exposure to tobacco, the amount of tobacco, the age at the very first exposure 

are also important as the areca nut-related phenolics stay in the saliva of the habitual 

chewers only for a limited time (Warnakulasuriya et al., 1984; WHO, 1984; IARC, 1985; 

Stich and Anders, 1989); it usually disappears soon after expectoration of the macerated 

betel quid mixture (Stich and Tsang, 1988). There is epidemiological evidence that the 

tobaccolquid chewers of Kerala usually keep the chewing mixture for prolonged periods 

in their mouth and most of them start the chewing habits at an early age 

(Sankaranarayanan, 1990; Sankaranarayanan et al., 1990). This may increase the 

exposure time to the carcinogens when compared to subjects from other places such as - 

Sri Lanka (10-30 min., Seneviratna and Uragoda, 1973). Unlike other places, in Kerala, 

the habitual chewers prefer slaked lime to stone lime (WHO, 1984) which obviously will 

increase the pH along with tobacco thereby inflicting more damage onto the tissues (Stich 

and Anders, 1989). Reactive oxygen species generated from the chewing mixture is 

known to cause genetic damage in a sequential dose-dependent manner (Stich et al., 

1988; Nair et al., 1992) and cell death (Thomas and McLannen, 1992). But there is no 

conclusive evidence to show that the presence of excess lime and the lime-induced tissue 

injury would affect the p53 expression. 

It appears that some carcinogens in 

(Brachman et al., 1992; Sakai et al., 1992; 

tobacco act only at certain sites of the gene 

Somers et al., 1992; Boyle et al., 1993) and 

that moderate to heavy smokers, unlike nonsmokers, are like'ly to have multiple mutations 

(Field et al., 1994). It is also likely that there exists a synergistic effect between the 

various etiologic factors and the incidence of genetic damage (BEIR IV, 1988; Yu et al., 

1988; Kayal et al., 1991; Thomas and Kearsley, 1992; Hoffmann et al., 1994). It has 

been shown that nutritional deficiencies, and tobacco chewing and smoking habits are 

more prevalent in the rural population of India, which constitutes more than 80% of the 

total population (Jayant, Notani and Sanghvi, 1983). Chili, a main ingredient of the diet 



in the southern parts of India, is known to contain mutagenic and tumour promoting 

agents (Toth, Rogen and Walker, 1984; Agrawal et al., 1986). Notani and Jayant (1987) 

have shown that there is a 11-13 fold increase in the incidence of oral cancer in habitual 

chewers who do not prefer a vegetarian diet. There is epidemiological evidence that the 

relative risk for bidi is much higher when there are other habits such as tobacco chewing 

and alcohol drinking (Notani, 1988; Sanakaranarayanan et al., 1989; Kuriakose et al., 

1992). The fact that most of the male subjects in the present study had chronic 

tobaccohetel chewing and bidi smoking habits may account for the increase incidence of 

genetic damage which, in turn, predispose them to oral cancer. As reported by many 

investigators, alcohol may have a synergistic effect since most people in the rural areas in 

Southern India use home-brewed alcohol which contains about 40-50% ethanol 

(Sankaranarayanan et al., 1990). In effect, the aforesaid etiologic factors may act in a 

sequential manner to bring about the malignant changes. 

Recent studies have shown that UV rays play a major role in DNA damage, repair 

and malignant transformation at least in some cases of SCCs of the lip (Berner et al.,' 

1993) and skin (Brash et al., 1991; Kastan et al., 1991; Sim, Slater and McPhee, 1992). 

Being a tropical region, the coastal areas of Kerala tend to show a relatively high UV 

index. But, whether this would affect the incidence of oral cancers in other sites, remains 

to be proved. Secondly, this region of India is one of the five major naturally radioactive 

zones of the world. The background radiation in this region has been calculated to be as 

high as 1500 &ads which is well above the maximum permissible dose of 500 &ads 

for the general population (Rajendran et al., 1992). There is experimental evidence that 

natural radiation can induce mutations and this might occur outside exons 5-1 1, the 

highly conserved regions of the gene (Vahakangas et al., 1992). This may also be true 

for oral cancers induced by tobaccolbetel quid chewing (Ranasinghe et al., 1993a). 

The number of betel quids chewed per day, exposure to the carcinogens and the 

presence of more than one habits is important in the process of carcinogenesis. As shown 

in Tables 14 and 14a, 19/20 (95%) of the patients from the present study were chewers 

when compared to the Sri Lankan population (32/38; 84%). Even though the Sri Lankan 

population had smoking habits, the number of bidi smokers were less when compared to 

the present study (Table 20). Above normal levels of natural radiation, the carcinogens in 

the tobaccohetel quid mixture, and the bidi smoke alone or in combination with one 



another may play a role in the incidence of mutation outside the 'conserved regions' of 

p53 gene and this may be that there is a higher incidence of mutations when compared to 

Sri Lankan samples. Further studies using advanced techniques such as polymerase chain 

reaction (PCR) coupled with direct DNA sequencing may help elucidate the molecular 

aspects of oral cancers in tobaccohetel quid chewers. 

It has been suggested that over-expression of tumour suppressor genes is likely to 

be associated with dysfunction of a common regulatory pathway in the case of 

proliferation and differentiation (Werness et al., 1990; Blanton et al., 1991; Li et al., 

1992). Many researchers have shown that keratinocytes transfected with HPV types 16 

and 18 tend to undergo malignant transformation on exposure to tobacco-related 

carcinogens alone or in combination with tumour promoters such as NMU and phorbol 

esters (Li et al., 1992a; Miller et al., 1992; Garette et al., 1993). It is possible that the 

tumour suppressor gene p53 may be inactivated by the papilloma virus and that E6 

protein of the virus can bind to and promote degradation (Brachrnan et al., 1993; Garette 

et al., 1993; Woods et al., 1993). As the gene acts to control transcription, its inactivation . 

may predispose the affected tissues to malignant transformation. Cases have been 

reported where there is a negative relationship between the suppressor gene inactivation 

and the presence of HPV (Scheffner et al., 1990; Crook et al., 1991). Virus-induced 

changes along with the tobacco-related carcinogen-induced damage may sequentially 

make oral keratinocytes more prone to malignant transformation (Davidson, Hsu and 

Schantz, 1993; Kim et al., 1993; Kim et al., 1993a). 

The ingredients of the betel quid also play a major role. Unlike other places, in 

Kerala, all the substances are used fresh and most patients have a tendency to leave the 

chewing material in their mouth for longer periods, and sometimes even during sleep 

(Orr, 1933; Hirayama, 1966). This may, in turn, increase the time of exposure to the 

carcinogens (Sankaranarayanan et al., 1989, 1990). Lime is known to contain radioactive 
substances which may emit a-particles ( 2 ~ e 4 )  as high as 0.35 pCi which is equivalent to 

the amount of alpha-particles emitted from 0.53 mg/Kg u~~~ (Chakravarti, Dhiman and 

Nagpaul, 1981). Thus, it could be hazardous for people who chew continuously or who 

are exposed to the excess amounts of lime as it may cause damage to the tissues and the 

genetic material. Yet another possibility is that the hot and spicy food items, a habitual 

action in southern parts of India, may give rise to a variety of carcinogens. Although this I 



is true, a detailed dietary analysis is required to establish the exact role of diet in oral, and 

head and neck cancers. Also, southern parts of India is one of the areas where there is 

relatively high inbreeding which may, in part, account for the increased rate of genetic 

susceptibility. 

In summary, it is possible that the duration of exposure to the carcinogen, the 

amount of carcinogen, the rate of metabolism (whether slow or active) and the age at first 

exposure, all these factors play a major role in the incidence of oral cancers in habitual 

betel quidltobacco chewers in Kerala. On the other hand, the Sri Lankan population may 

not be exposed to carcinogens as that of the Keralites or their carcinogen metabolic 

pathways may be different from that of the Keralites. The genetic susceptibility of the 

present study group, more or less heterogeneous in its socioeconomic and cultural 

aspects, may be more than that of the Sri Lankan population which is rather a 

homogeneous group consisting of mostly Sinhalese (Seneviratna and Uragoda, 1973). 

Most of the patients in the present study had a history of chronic chewing and they 

reported having started the habits while very young (Dr. Ambika, personal . - 
communication). The genotoxic effects of tobacco, alcohol and diet-related factors may 

have a field cancerization effect on the mucosa of the upper aerodigestive tract and may 

thereby predispose the whole epithelium to malignant transformation (Hittelman et al., 

1991; Voravud et al., 1993). However, the results of work done by Kannan et al. (1993) 

taken together with the present study suggests that a correlation between the over- 

expression of p53 protein and ras mutation is very likely. Further analysis of these cases 

at the molecular level might give some insight into functional aspects of the etiological 

factors in the development of oral cancers in habitual tobacco~betel quid chewers. 



4.5 Conclusion 

The results of the study on the levels of p53 expression shows that there is over- 

expression of p53 oncoprotein in oral a high percent of SCCs from Kerala. The over- 
expression of p53 in oral carcinoma samples from Kerala is strongly associated with the 

number of betel quids chewed and the number of bidis smoked per day. Other factors 

such as diet-related factors, natural radiation, relatively high genetic susceptibility, and/or 

the presence of transforming proteins of viruses may act sequentially to make the cells 

more prone to malignant transformation. p53 oncoprotein is likely to be involved in the 

promotion and/or progression of the squamous cell malignancies, and the discovery of 

p53 mutations in human SCCs suggests that alterations in tumour suppressor genes play 

an important role in some oral cancers (Yin et al., 1993). Although the protein is 

implicated in cell proliferation and/or differentiation, more investigations are needed to 

decipher the molecular mechanisms involved. The differences in the expression of p53 in 

oral cancers of habitual tobaccolbetel quid chewers from that of the Sri Lankan 

population may be attributed to the various carcinogens and their metabolism, 

susceptibility, DNA repair systems, and/or genetic predisposition. In order to prove this ~ - 
it will be required to study a variety of oral neoplasms from a number of different 

populations exposed to different risk factors. 



References 

Agrawal, R.C., E. Hecker, M. Weissler and S.V. Bhide. Tumour promoting effect 

of chili extract in BALBIC mice. Int. J. Cancer 38: 689-698, 1986. 

Berner, A., R. Holm, A. Naess and 0. Hjortdal. p53 protein expression in 

squamocellular carcinoma of the lip. Anticancer Res. 13: 242 1-2424, 1993. 

Blanton, R.A., N. Perez-Reyes, D.T. Merrick and J.K. McDougall. Epithelial 

cells immortalized by human papilloma virus have premalignant characteristics in 

organotypic culture. Am. J. Pathol. 138: 673-685, 199 1. 

Boyle, J.O., J. Hakim, W. Koch, P. van der Reit, R.H. Hruban, R.A. Roa, R. 

Correo, Y.J. Eby, M.J. Ruppert and D. Sidransky. The incidence of p53 mutations 

increases with progression of head and neck cancer. Cancer Res. 53: 4477-4480, 1993. 

Brachman, D.G., M. Beckett, D. Graves, D. Haraf, E. Vokes and R.R. ~ - 
Weichselbaum. p53 mutation does not correlate with radiosensitivity in 24 head and neck 

cancer cell lines. Cancer Res 53:'3667-3669, 1993. 

Brachman, D.G., D. Graves, E. Vokes, M. Beckett, D. Haraf, A. Montag, E. 

Dunphy, R. Mick, D. Yandell and R.R. Weichselbaum. Occurrence of p53 gene deletion 

and HPV infection in human head and neck cancer. Cancer Res. 52: 4832-4836, 1992. 

Brash, D.E., J.A. Rudolph, J.A. Simon, A. Lin, G.J. McKenna, H.P. Baden, A.J. 

Halperin and J. Ponten. Role of sunlight in skin cancer: UV-induced p53 mutations in 

squamous cell carcinomas. Proc. Natl. Acad. Sci. USA 88: 10124-10128, 199 1. 

Bums, J.E., M.C. Baird, L.J. Clark, P.A. Bums, K. Edington, C. Chapman, R. 

Mitchell, G. Robertson, D. Souter and E.K. Parkinson. Gene mutations and increased 

levels of p53 protein in human squamous cell carcinomas and their cell lines. Br. J. 

Cancer 67: 1274- 1284, 1993. 

Caamano, J., S.Y. Zhang, E.A. Rosvold, M. Bauer and A.J. Klein-Szanto. p53 
mutations in human squamous cell carcinomas and carcinoma cell lines. Am. J. Pathol. 

142: 1131-1139,1993. 



Casson, A.G., T. Mukhopadhyay, K.R. Cleary, J.Y. Ro, A.J. Levine and J.A. 

Roth. p53 gene mutations in Barrett's epithelium and esophageal cancer. Cancer Res. 51: 

4495-4499, 199 1. 

Chakravarti, S.K., J. Dhiman and K.K. Nagpaul. Uranuim trace analysis of a 

chewable betel-leaf preparation and tea leaves. Health Phys. 40: 78-8 1, 198 1. 

Chang, S.E., P. Bhatia, N.W. Johnson, P.R. Morgan, F. McKormick, B. Young 

and L. Hiorns. Ras mutations in United Kingdom examples of oral malignancies are 

infrequent. Int. J. Cancer 48: 409-4 12, 199 1. 

Crook, T., J.A. Tidy and K.H. Vousden. Degradation of p53 can be targeted by 

HPV E6 sequences distinct from those required for p53 binding and transactivation. Cell 

67: 547-566, 1991. 

Dave, B.J., A.H. Trivedi and S.G. Adhavaryu. Cytogenetic studies reveal 

increased genomic damage among pan masala consumers. Mutagenesis 6: 159- 163, 199 1. - - 

Donehower, L.A. Tumour suppressor gene p53 and apoptosis. The Cancer 

Bulletin 46: 16 1 - 166, 1994. 

Draetta, G. Cell cycle control in eukaryotes: molecular mechanisms of cdc2 

activation. Trends Biochem. Sci. (TIBS) 15: 378-383, 1990. 

Field, J.K., D.A. Spandidos and P.M. Stell. Over-expression of p53 gene in head 

and neck cancer, linked with heavy smoking and drinking. Lancet 339: 502-503, 1992. 

Field, J.K., V. Zoumpourlis, D.A. Spandidos and A.S. Jones. p53 Expression and 

mutations in squarnous cell carcinoma of head and neck: Expression correlates with the 

patients' use of tobacco and alcohol. Cancer Detect. Prev. 18: 197-208, 1994. 

Garette, L.R., N. Perez-Reyes, P.P. Smith and J.K. McDougall. Interaction of 

HPV-18 and N-nitrosomethylurea in the induction of squamous cell carcinoma. 

Carcinogenesis 14: 329-332, 1993. 



Gusterson, B.A., R. Anbazhagan, W. Warren, C. Midgley, D.P. Lane, M. O'Hare, 

A. Stamps, R. Carter and H. Jayatilake. Expression op p53 in premalignant and 
malignant squamous epithelium. Oncogene 6: 1785-89, 199 1. 

Habuchi, T., R. Takahashi, H. Yamada, 0 .  Ogawo, Y. Kakechi, K. Ogura, S. 

Hamazaki, J. Toguchida, K. Ishizaki, J. Fujita, et al. Influence of cigarette smoiung and 

schistosorniasis on p53 gene mutation in urothelial cancer. Cancer Res. 53: 3795-3799, 

1993. 

Hinds, P.W., C.A. Finlay, R.S. Quartin, S.J. Baker, E.R. Fearon, B. Vogelstein 

and A.J. Levine. Mutant p53 DNA clones from human colon carcinomas cooperate with 

ras in transforming primary rat cell: A comparison of the 'Hot Spot" mutant phenotypes. 

Cell. Growth Differ. 1: 571-580, 1990. 

Hinds, P.W., C.A. Finlay and A.J. Levine. Mutation is required to activate the 

p53 gene for cooperation with the ras oncogene and transformation. J. Virol. 63: 739-746, 

Hirayama, T. An epidemiological study of oral and pharyngeal cancer in Central 

and in South-East Asia. Bull. World Health Org. 34: 41-69, 1966. 

Hittelman, W.N., J.S. Lee, N. Cheong, D.M. Shin and W.K. Hong. The 

chromosome view of "field cancerization" and multistep .carcinogenesis. Implications for 

chemopreventive approaches. In: Chemoimmuno Prevention of Cancer. U. Pastorino and 

W.K. Hong, eds., Thieme Verlag, New York, 1991, pp. 41-47. 

Hoffmann, D., K.D. Brunneman, B. Propczyk and M.V. Djordjevic. Tobacco- 

specific N-nitrosamines and areca-derived N-nitrosarnines: Chemistry, Biochemistry, 

Carcinogenicity and relevance to humans. J. Toxicol. Environ. Health 41: 1-52, 1994. 

Hollstein, M., D. Sidransky, B. Vogelstein and C.C.Harris. p53 mutations in 

human cancers. Science 253: 49-53, 199 1. 

Hsu, S.M., L. Raine and H. Fanger. Use of avidin-biotin-peroxidase complex 

(ABC) in immunoperoxidase techniques: A comparison between ABC and unlabeled 

antibody (PAP) procedures. J. Histochem. Cytochem. 29: 577-580, 1981. 



IARC. International Agency for Research on Cancer monographs on the 

Evaluation of the Carcinogenic Risk of Chemicals to Humans. Tobacco Habits other than 

Smoking; Betel Quid and Areca Nut Chewing and some Related Nitrosamines. IARC 

Press, Lyon, 1985, Vol. 37. 

Jayant, K., P.N. Notani and L.D. Sanghvi. Health Consequences of Smoking in 

Two Socio-Economic Classes in Bombay, India. Proc. 5th World Con5 Smoking and 

Health, 1983, Vol. 1, pp. 149-156. 

Kannan, S., P. Balaram, R.M. Pillai, J.G. Chandran and M.K. Nair. 

Irnrnunohistochemical analysis of ras p21 expression in normal, premalignant and 

malignant oral mucosa. Int. J. Cancer 55: 700-702, 1993. 

Kastan, M.B., Q. Zhan, W.S. El-Deiry, et al. A mammalian cell cycle checkpoint 

pathway utilizing p53 and GADD45 is defective in ataxia-telengiectasia. Cell 71: 587- 

597,1992. 

Kastan. M.B., 0 .  Onyekwere, D. Sidransky, B. Vogelstein and R.W. Craig. 

Participation of p53 protein in the cellular response to DNA damage. Cancer Res. 51: 

6304-631 1 ,  1991. 

Kaur, J., A. Srivastava and R. Rahlan. Over-expression of p53 protein in betel- 

and tobacco-related human oral dysplasia and squamous cell carcinoma in India. Int. J. 

Cancer 58: 340-345, 1994. 

Kayal, J.J., A.H. Trivedi, B.J. Dave, J. Nair, U.J. Nair, S.V. Bhide, U.C. Goswami 

and S.G. Adhvaryu. Incidence of micronuclei in oral mucosa of users of tobacco 

products singly or in various combinations. Mutagenesis 8: 31-33, 1993. 

Kern, S.E., J.A. Pietenpol, S. Thiagalingam, A. Seymour, K.W. Kinzler and B. 

Vogelstein. Oncogenic forms of p53 inhibit p53-regulated gene expression. Science 256: 
827-830, 1992. 

Kern, S.E., K.W. Kinzler, A. Bruskin, D. Jaroz, P. Friedman, C. Prives and B. 

Vogelstein. Oncogenic forms of p53 inhibit p53-regulated gene expression. Science 252: 
1708-1 1, 1991. 



Kim, S.M., S-L. Li, C.N. Bertalomi, H.M. Cherrick and N-H. Park. State of p53, 

Rb, DCC tumour suppressor genes in human oral cancer cell lines. Anticancer Res. 13: 

1405-1414. 1993. 

Kim, S.M., K-H. Shin, J-H. Baek, H.M. Cherrick and N-H. Park. HPV-16, 
tobacco-specific N-nitosoguanidine in oral carcinogenesis. Cancer Res. 53: 48 1 1-48 16, 

1993a. 

Kuriakose, M., R. Sankaranarayanan, M.K. Nair, T. Cherian, A.W. Sugar, C. 

Scully and S.S. Prime. Comparison of oral squamous cell carcinoma in younger and 

older patients in India. Oral Oncol., Eur. J. Cancer 28B: 113-120, 1992. 

Lane, D.P. The regulation of p53 functions: Steiner award lecture. Int. J. Cancer 

57: 623-627, 1994. 

Lane, D.P. and S. Benchimol. p53: Oncogene or anti-oncogene? Gene Dev. 4: 1- 

8, 1990. 

Langdon, J.D. and M. Partridge. Expression of tumour suppressor gene p53 in 

oral cancer. Br. J. Oral Max-Fac. Surg. 30: 214-220, 1992. 

Largey, J.S., S.J. Meltzers, J. Yin, K. Norris, J.J. Sauk and D.W. Archibald. Loss 

of heterozygosity in oral cancers demonstrated by the polymerase chain reaction. Cancer 

71: 1933-1937, 1993. 

Lee, N.K., Y-W. Ye, J. Chen, X. Li, P.G. Waber and P.D. Nisen. p53, 
Retinoblastoma and HPV in squamous cell carcinoma and adjacent normal mucosa of the 

upper aerodigestive tract. Arch. Otolaryngol. Head Neck Surg. 119: 1 125- 1 13 1, 1993. 

I 

Leete R. and J. Fox. Registrar General's Social Classes; Origins and Uses. 

Population Trends 8: 1-7, 1977. 

Levine, A.J., J. Momand and C.A. Finlay. p53 Tumour suppressor gene. Nature 

351: 453-456, 1991. 



Li, F.P. and J.F. Fraumeni Jr. Soft-tissue sarcomas, breast cancer and other 

neoplasms: a familial syndrome. Ann. Int. Med. 71: 747-752, 1969. 

Li, S-H., M.S. Kim, H.M. Cherrick, T. Doniger and N-H. Park. Sequential 
combined tumourigenic effect of HPV-16 and chemical carcinogens. Carcinogenesis 13: 

1981-1987, 1992. 

Li, S-L., Kim, S.M., Cherrick, H.M. and N-H. Park. Low level p53 in immortal, 

non-tumourigenic oral keratinocytes harboring HPV-16 DNA. Oral Oncol., Eur. J.  

Cancer 28B: 1 29- 134, 1992a. 

Lozano, G., M.F. Hansen and L.C. Strong. Functional characterization of 

inherited p53 mutations. Cancer Bullet. 46: 247-253, 1994. 

Miller, C.W., K. Simon, A. Aslo, K. Kok, J. Yokota, C.H.C.M. Buys, M. Terada 

and H.P. Koeffler. p53 mutations in lung tumours. Cancer Res. 53: 1695-1698, 1992. 

Momand, J., G.P. Zambetti, D.C. Olson, D. George and A.J. Levine. The mdm-2 

oncogene product forms a complex with the p53 protein and inhibits p53-mediated 

transactivation. Cell 69: 1237- 1245, 1992. 

Montenarh, M. Biochemical properties of the growth suppressor/oncoprotein 

p53. Oncogene 7: 1673-1680, 1992. 

Nair, J., H. Ohshima, M. Friessen, A. Croissy, S.V. Bhide and H. Bartsch. 

Tobacco specific and betel nut specific N-nitroso compounds: Occurrence in saliva and 

urine of betel quid chewers and formation in vitro by nitrosatibn of betel quid. 

Carcinogenesis 6: 295-303, 1985. 

Nair, U.J., G. Obe, M. Friesen, T. Goldberg and H. Bartsch. Role of lime in the 

generation of reactive oxygen species from betel-quid ingredients. Environ. Health 

Perspect. 98: 203-205, 1992. 

Nair, U.J., G. Obe, J. Nair, G.B. Maru, S.V. Bhide, R. Pieper and H. Bartsch. 

Evaluation of frequency of rnicronucleated cells as a marker for genotoxic damage in 

chewers of betel quid with or without tobacco. Mutat. Res. 261: 163-168, 1991. 



BEIR: National Research Council Committee on the Biological Effects of 

Ionizing Radiation. Health risks of radon and other internally deposited alpha-emitters. 

BEIR IV. National Academy Press, Washington, D.C., 1988. 

Nigro, J.M., S.J. Baker, A.C. Preisinger, J.M. Jessup, R. Hostetter, K. Cleary, S.H. 

Binger, N. Davidson, S. Baylin, P. Devilee, et al. Mutations in the p53 gene occur in 

diverse human tumour types. Nature 342: 705-708, 1989. 

Nishioka, H., Y. Hiasa, I. Hayashi, Y. Kitahori, N. Konishi and M. Sugimura. 

Immunohistochemical detection of p53 oncoprotein in human oral squamous cell 

carcinomas and leukoplakias: Comparison with proliferating nucelar antigen staining and 

correlation with clinico-pathological findings. Oncology 50: 426-429, 1993. 

Notani, P.N. Role of alcohol in cancers of the upper alimentary tract: use of 

models in risk assessment. J. Epidemiol. Commun. Health 42: 187- 192, 1988. 

Notani, P.N. and K. Jayant. Role of diet in upper aerodigestive tract cancers. - 

Nutr. Cancer 10: 103-1 13, 1987. 

Park, N-H., B-M. Min, S-L. Li, H.M. Cherrick and T. Doniger. Role of viruses in 

oral carcinogenesis. In: The First International Conference on Smokeless Tobacco: 

Tobacco and Health. K.L. Schroeder and R.C. Stots. eds., STCP Monographs #3, 1992. 

Park, N-H., B-M. Min, S-L. Li, M.Z. Huang, H.M. Cherrick and J. Doniger. 

Immortalization of normal oral keratinocytes with type 16 human papilloma virus. 

Carcinogenesis 12: 1627- 1633, 1992a. 

Pierceall, W.E., T. Mukhopadhayay, L.H. Goldberg and H.N. Ananthaswamy. 

Mutations in the p53 tumour suppressor gene in human cutaneous squamous cell 

carcinomas. Mol. Carcinogenesis 4: 445-449, 1991. 

Pingree, T.F., E.A.A. El-Zayat, P.M. Mock, G.M. Clark, R.A. Otto and D.D. Von 

Hoff. Epidermal growth factor receptor amplification in head and neck cancer. 

Presented: 37 th Annual Meeting of The Society of Headand Neck Surgeons. April 3oth- 

May 4th, Honolulu, Hawaii, 1991. 



Puisieux, A., S. Lim, J. Groopman and M. Ozturk. Selective targeting of p53 

gene mutational hotspots in human cancers by etiologically defined carcinogens. Cancer 

Res. 51: 6185-6189, 1991. 

OK, I.M. Oral cancer in betel chewers in Travancore, its aetiology, pathology and 

treatment. Lancet ii: 575-580, 1933. 

Rajendran, R., G.K. Raju, S.M. Nair and G. Balasubramaniam. Prevalence of oral 

submucous fibrosis in the high natural radiation belt of Kerala, South India. Bullet. WHO 

70: 783-789, 1992. 

Ranasinghe, A.W., K.A.A.S. Warnakulasuriya and N.W. Johnson. Low 

prevalence of expression of p53 oncoprotein in oral carcinomas from Sri Lanka with betel 

and tobacco chewing. Oral Oncol., Eur. J. Cancer 29B: 147-150, 1993. 

Ranasinghe, A.W., C. Macgeoch, S. Dyer, N. Spun and N.W. Johnson. Some 

oral carcinomas from Sri Lankan betelhobacco chewers over-express p53 oncoprotein but' _ - 
lack mutations in exons 5-9. Anticancer Res. 13: 2065-2068, 1993a. 

Rumsby, G., R. Carter and B.A. Gusterson. Low incidence of ras oncogene 

activation in human squamous cell carcinomas. Br. J. Cancer 61: 365-368, 1990. 

Sakai, E., K. Rikimaru, M. Ueda, Y. Matsumoto, N. Ishii, S. Enomoto, H. 
Yamamoto and N. Tsuchida. The p53 suppressor gene and ras oncogene mutations in 

oral squamous cell carcinomas. Int. J. Cancer 52: 867-872, 1992. 

Sankaranarayanan, R., S.W. Duffy, G. Padmakumary, N.E. Day and M.K. Nair. 

Risk factors for cancer of the buccal and labial mucosa in Kerala, southern India. J. 

Epidemiol. Commun. Health 44: 286-292, 1990. 

Sankaranarayanan, R., M.N. Mohideen, M.K. Nair and T.K. Padmanabhan. 

Aetiology of oral cancer in patients less than or equal to 30 years of age. Br. J. Cancer 

59: 439-440, 1989. 

Saranath, D., S.E. Chang, L.T. Bhoite, R.G. Panchal, I.B. Kerr, A.R. Mehta, N.W. 

Johnson and M.G. Deo. Higher frequency mutations in codons 12 and 61 of H ras 



oncogene in chewing tobacco-related human oral carcinoma in India. Br. J. Cancer 63: 

573-578, 1991. 

Scheffner, M., B.A. Werness, J.M. Huibregtse, A.J. Levine and P.M. Hawley. 

The E6 oncoprotein encoded by human papilloma virus types 16 and 18 promotes the 

degradation of p53. Cell 63: 1 129- 1 136, 1990. 

Seneviratna, B. and C.G. Uragoda. Betel chewing in Ceylon. Am. J. Trop. Med. 

Hyg. 22: 4 18-422, 1973. 

Shaulsky, G., N. Goldfinger, A. Ben-Ze'ev and V. Rotter. Nuclear accumulation 

of p53 protein is mediated by several nuclear localization signals and plays a role in 

tumourigenesis. Mole. Cell. Biol. 10: 6565-6577, 1990. 

Shi, S.R., M.E. Key and K.L. Kalra. Antigen retrieval in formalin-fixed, paraffin- 

embedded tissues: An enhancement method for irnrnunohistochemical staining based on 

microwave oven heating tissue sections. J. Histochem. Cytochem. 39: 74 1-748, 199 1. 

Shin, D.M., J. Kim, J.Y. Ro, J. Hittelman, J.A. Roth, W.K. Hong and W.N. 

Hittelman. Activation of p53 gene expression in malignant lesions during head and neck 

tumourigenesis. Cancer Res. 54: 321-326, 1994. 

Sim, C.S., S. Slater and P.H. McKee. Mutant p53 expression in solar keratosis: 

an imrnunohistochemical study. J. Cutan. Pathol. 19: 302-308, 1992. 

Somers, K.D., A.M. Merrick, M.E. Lopez, L.S. Incognito, G.L. Schechter and G. 

Casey. Frequent p53 mutations in head and neck cancer. Cancer Res. 52: 5997-6000, 

1992. 

Srivastava, S., Z. Zhou, K. Pirollo, et al. Germ-line transmission of mutated p53 

gene in a cancer-prone family with Li-Fraumeni syndrome. Nature 348: 747-749, 1990. 

Stich, H.F. and F. Anders. The involvement of reactive oxygen species in oral 

cancers of betel quid/tobacco chewers. Mut. Res. 214: 47-61, 1989. 



Stich, H.F. and M.P. Rosin. Micronuclei in exfoliated human cells as a tool for 

studies in cancer risk and cancer intervention. Cancer Lett. 22: 241-253, 1984. 

Stich, H.F. and M.P. Rosin. Naturally occuring phenolics as antimutagenic and 

anticlastogenic agents. In: Nutritional and Toxicological Aspects of Food Safety. 

Freedman, M. (ed.). Plenum, New York, 1984a, pp. 1-29. 

Stich, H.F., M.P. Rosin, A.P. Hornby, B. Mathew, R. Sankaranarayanan and M.K. 

Nair. Remission of oral leukoplaluas and micronuclei in tobaccolquid chewers treated 

with p-carotene and with p-carotene and vitamin A. Int. J. Cancer 42: 195-199, 1988. 

Stich, H.F. and S.S. Tsang. Promoting activity of betel quid ingredients and their 

inhibition by retinol. Cancer Lett. 45: 7 1-77, 1988. 

Thomas, S. and J. Kearsley. Betel quid and oral cancer: A review. Oral Oncol., 

Eur. J. Cancer 29B: 25 l-255,1992. 

Thomas, S.J. and R. MacLennan. Slaked lime and betel nut cancer in Papua 

New Guinea. Lancet 340: 577-578, 1992. 

Toth, B., E. Rogen and B. Walker. Tumourigenicity and mutagenicity studies 

with capsaicin of hot peppers. Anticancer Res. 4: 11 17-1 120, 1984. 

Vahakangas, K.H., J.M. Samet, R.A. Metcalf, J.A. Welsh, W.P. Bennett, D.P. 

Lane and C.C. Harris. Mutations of p53 and ras genes in radon-associated lung cancer 

from uranium miners. Lancet 339: 576-580, 1992. 

Voravud, N., D.M. Shin, J.Y. Ro, J.S. Lee, W.K. Hong and W.N. Hittelman. 

Increased polysomies of chromosome 7 and 17 during head and neck multistage 

tumourigenesis. Cancer Res. 53: 2874-2883, 1993. 

Warnakulasuriya, K.A.A.S., A.N.I. Ekanayake, S. Sivayoham, J. Stjernsward, J.J. 

Pindborg, L.H. Sobin and K.S.G.P. Perera. Utilization of primary health care workers for 

early detection of oral cancer and precancer cases in Sri Lanka. Bullet. WHO 62: 243- 

250, 1984. 



Watling, D.L., A.M. Gown and M.D. Coltrera. Over-expression of p53 in head 

and neck cancer. Head Neck 14: 437-444, 1992. 

Werness, B.A., A.J. Levine and P.M. Howley. Association of human papilloma 

virus types 16 and 18 with p53. Science 248: 76-78, 1990. 

Westra, W.H., J.G. Offerhaus, S.N. Goodman, R.J.C. Slebos, M. Polak, 1.0. Baas, 

S. Rodenhuis and R.H. Hruban. Over-expression of the p53 tumour suppressor gene 

product in primary lung adenocarcinomas is associated with cigarette smoking. Am. J. 

Surg. Pathol. 17: 213-220, 1993. 

Woods, K.V., E.J. Shillitoe, M.R. Spitz, S.P. Schantz and K. Alder-Storthz. 

Analysis of human papilloma virus DNA in oral squarnous cell carcinomas. J. Oral 

Pathol. Med. 22: 101-128, 1993. 

World Health Organization Manual. Control of oral cancer in developing 

countries. Bullet. WHO 62: 8 10-830. 1984. 

World Health Organization Collaborating Center for Oral Precancerous Lesions. 

Definition of leukoplakia and related lesions: an aid to studies on oral precancer. Oral 

Surg. Med. Pathol. 46: 518-539, 1978. 

Xiong, Y., G.J. Hannon, H. Zhong, D. Casso, R. Kobayashi and D. Beach. p21 is 

a universal inhibitor of cyclin kinases. Nature 366: 701-704, 1993. 

Xiong, Y., H. Zhong and D. Beach. Subunit rearrangement of the cyclin- 

f dependent kinases is associated with transformation. Genes Dev. 7: 1572- 1583, 1993. 

Yin, X.Y., M.L. Smith, T.L. Whiteside, J.T. Johnson, R.B. Herberman and J. 

Locker. Abnormalities in the p53 gene in tumours and cell lines of human squamous cell 

carcinomas of the head and neck. Int. J. Cancer 54: 322-327, 1993. 

Yu, M.C., D.H. Garabrant, J.M. Peters, and T.M. Mack. Tobacco, alcohol, diet, 

occupation and carcinoma of esophagus. Cancer Res. 48: 3843-3848, 1988. 



Zhang, L., M.P. Rosin, R. Priddy and Y. Xiao. p53 expression during multi-stage 

human oral carcinogenesis. In?. J. Oncol. 3: 735-739, 1993. 

Zhang, Z-F., A.S. Sarkis, C. Cordon-Cardo, et al. Tobacco smoking, occupation, 
and p53 nuclear over-expression in early stage of bladder cancer. Cancer Epdemiol. 

i 

i Biomark. Prev. 3: 19-24, 1994. 
D 



Appendix 1. 
Table 1. Increase in EGFR expression in Oral SCCs. 

Author 
Kamata et al. 
(1986) 

Yamamoto 
et al. (1986) 

Sakai et al. 
(1 990) 

Kawamoto et 
al. (1991) 

Kearsley et 
al. (1991) 
(head & 
neck) 

Shirasuna et 
al., 1991 

Kunikata et 
al. (1992) 

Over-expression of EGF receptor protein 
W5 cases showed a 2-fold increase when 

compared to normal epidermal 
keratinocytes (1 x lo5 binding sites/cell). 
The sensitivity to the inhibitory effect 
of EGF correlated well with the 
elevated level of EGFR. 

115 cases showed x30 gene amplification 
and a 3-5 fold increase in the expression 
of the protein. 

115 cases showed the same level of EGFR 
as normal keratinocytes 

4/28 cases showed a positive staining while 
the rest of the cases remained negative. 

(1) EGFR staining was often localized at 
periphery of the tumour cell nest. 

(2) In 1 case, cells in the mitotic phase 
stained stronger than those under other 
phases. 

10114 culture cases showed a 2-10 fold 
increase in EGFR number compared to 
normal gingival tissue. 

( I )  There is a positive correlation between 
EGFR numbers and increasing size 
&/or local extent of primary tumours. 

(2) A linear correlation between EGFR 
number and poor prognosis was also 
established in 2 cases of oral SCC. 

All 46 (24 oral SCC) cases were positive 
for the anti-EGFR staining reaction. The 
intensity of the reactions showed a 
considerable amount of variation: 
(1) Diffusely positive varying from weak 
to strong. 
(2) Maximum staining was always located 
on the peripheral invading islands. 
(3) All 5 poorly differentiated SCC showed 
strong staining. 
(4) In several well differentiated SCCs, 
more intense staining was noted in the 
peripheral cells of the tumour islands while 
the central part of the islands remained 
negative for the staining reaction. 
616 SCC cases showed diffuse strong 

staining while normal epithelium 
showed moderate basal staining. 

28 SCCs showed varying intensity of anti- 
EGFR staining: Highly keratinized 
tumour cells were unstained with 
EGFR. 

Weak Points 
This study did not 
mention the EGFR 
level in the remaining 
cases with respect to 
normal keratinocytes. 

No information on the 
EGFR level in the 
other 3 cases. 

No summary of 
results was given 
regarding the staining 
intensity of all SCCs. 

This study failed to 
give a proper 
classification for the 
staining reactions. 

Method 
IP 

IP 

IH 

LAB 

IH 

IH 



24/47 cases were positive for anti-EGFR 
staining: 

(1) The positivity rate of the EGFR was not 
related to tumour differentiation 

(2) In a given positive tumour, well 
differentiated SCC showed higher 
proportion of positive cells (3 1 %) as 
compared to poorly differentiated SCC 
(2%). 

(3) The receptors were localized mainly on 
the cell membranes of normal mucosa 
in comparatively well-differentiated 
regions of the tumour mass. The 
expression of the receptor decreased in 
cancer when compared to that of normal 
mucosa. The staining was limited to 
prickle-like keratinizing tumour cells; 
basal and parabasal non-keratinizing 
cells within the tumour remained low in 

Yamada et 
al. (1992) 

the level of the receptor. 
(Abbreviations: IH, Immunohistochemical methods; IP, Immunoprecipitation; L A  

Labelled Avidin-Biotin peroxidase method) 



Table 2. Other Studies on EGFR 

Yamamoto et al., 1986 

Eisburch et al., 1987 

Ishitoya et al., 1989 

Ishitoya et al., 1989 

Weichselbaum et al., 1989 

Kearsley et al., 199 1 

Leonard et al., 1991 

Rikimaru et al., 1992 

Saranath et al., 1992 

Yamada et al., 1992 

Grandis and Tweardy, 1993 

Irish and Bernstein, 1993 

1/6 Cases showed amplification of EGFR 
I on Southern Blot analysis (12.5%) 
I 1/17 Cases showed a 16-fold increase in 

the protein when analyzed with 
Northern Blot, but none of them 
showed amplification or rearrangement 
on Southern Blot analysis (0117). 

8/15 Cases showed over-exuression of the 
receptor protein on ~e;tern Blot 
analisis (53.33%). 

Southern Blot analysis showed an 8-fold 
amplification of the gene in 1/21 cases 
(4.7%). 

5/11 Cases showed a many-fold increase in 
the expression of the protein transcripts 
on Northern Blot analysis, but only 
1/6 cases showed gene amplification 
on Southern Blot &alysis ( 16.7%). 

3/27 Cases showed gene amplification on 
Southern Blot analysis (7%). 

3/12 Cases showed a 5 to 10-fold 
amplification on Southern Blot 
analysis (25%). 

3/27 Cases showed gene amplification 
when analyzed with Southern Blot 
(7%). 

19/66 Cases showed gene amplification on 
Southern Blot andysis (29%). 

1/25 Cases showed a 4-fold gene 
amplification on southem Blot 
analysis (4%). 

316 Cases showed a 3 to 19-fold increase 
in the expression of mRNAs (50%). 

6/47 Cases showed gene amplification on 
Southern Blot analvsis (12.7%). 

Summary Avg: 18.49% I 



Table 3 Intensity of EGFR Staining and The Pattern of EGFR in Different 
Epithelial Layers in Normal, Hyperplastic and Dysplastic Oral 
Epithelium 

Only four papers, two included dysplastic lesions: 

S: Shlrasuna et al. (1991) (dysplasia) 

K: Kunikata et al. (1992) (dysplasia) 

P: Partridge et al. (1988) 

W: Whitcomb et al. (1993) 

- -  

Hyperplasia 

- - 

Dysplasia 

Basal cells 

P: 4 

S: ++ 
K: + (other areas) 

- (buccal & tongue) 

W: +++ 

S: ++ 

K: Not mentioned 

4 Did not mention the staining intensity 

Prickle cell layer 

P: - (non-keratinized 

epithelium) 

+ (keratinized epithelium) 

S: - 
K: +I- 

S: ++ (all dysplasia of varying 

degrees showed similar 

results) 

K: No epithelial layer was 

mentioned. Reduced staining 

was noted. Hyperkeratinized 

lesions were particularly 

devoid of EGFR staining 

Superficial layers 

P: - 

S :  - 

K: Not mentioned 

-, Negative; +, Weakly positive; ++, Moderate staining; +++, Strong staining 



Table 4. The pattern of distribution of EGFR in Cell Membrane vs 
Cytoplasm in Normal, Hyperplastic and SCCs 

Seven papers on SCC, 2 papers on dysplasia and 2 on normal 

S: Shirasuna et al. (199 1) (dysplasia) 

K: Kunikata et al.( 1992) (dysplasia) 

Diagnosis ( Pattern of staining 
Normal 1 6 papers: did not mention 

Hyperplasia 

CMB: Only the cell membrane are positive 
FCMB: A positive reaction in cell membrane here and there in a given field 
CYTP: No cell membranes are positive but the whole cytoplasm is positive 

4 pipers: CMB 
7 papers: did not mention 

Dysplasia 

SCCs 

1 paper: CMB 
K: CMB, FCMB 
S: Not mentioned 
3 papers: did not mention 
1 paper: CMB 
2 paper: Mostly CMB; but in cases with 

strong staining, the pattern was more 
that of the CYTP type. 

1: Mainly CYTP with Focal CMB 



Table 5. Expression of p53 in oral SCCs. 

References 
Field et al., 199 1 
Gusterson et al.. 1991 

p53 expression 
49/73 (67%) 
16/47 (34%) 

Ogden et al., 199 1 
Langdon and Partridge, 1992 
Sakai and Tsuchida, 1992 
Warnakulasuriya and Johnson, 1992 
Watling et al., 1992 
Bums et al., 1993 

Caamano et al. 1993 
. ~ i r o d  et al.. 1993 

- 

18/30 (60%) 
- 

12/15 (80%) 
14/15 (93.3%) (cell-lines) 
13/37 (35%) 
81 1 9 (42%) 
6/17 (35%) 
511 1 (45%) (cell lines) 
7/17 (41%) 
46/85 (54%) 

' Nishioka et'al., 1993 2 1/40 (52% j 
Zhang et al., 1993 
Kaur et al., 1994 
Shin et al.. 1994 

7/10 (70%) 
24/32 (75%) 
15/33 (45%) 



Table 6. Number of samples used for immunohistochemical detection of EGFR 

I samples 
I I 

Category Number of 

I Epithelial hyperplasia ! 10 I 
I 

Mild dysplasia 1 11 I 

Normal oral epithelium 10 
I I 

Moderate dysplasia 12 

Severe dysplasia1CIS 

SCC 

I 

10 

11 



Table 7. Results of EGFR Staining Reactions 

Diagnosis 

Normal 

Hyperplasia 

Mild dysplasia 

Moderate dysplasia 

Severe dysplasia & CIS 

SCC 

# of 
cases 

9 

12 

11 

12 

10 

10 

Staining intensity (%) 
++ 

3 (33%) 

5 (42%) 

6(54.5%) 

2 (16.7%) 

2 (20%) 

2 (20%) 

+++ 

6 (67%) 

6 (50%) 

5(45.5%) 

9 (75%) 

6 (60%) 

2 (20%) 

++++ 

0 

1 (8%) 

0 

1 (8.3%) 

2 (20%) 

6 (60%) 



Table 8. Staining Intensity of SCC as Compared to Adjacent Epithelium 

I Differentiation of SCC 1 SCCladjacent epithelium 
I 

Case 2 1 Moderately differentiated Same (++++I++++) 
I 

Case 1 

Case 4 1 Well differentiated 1 ++ (++++I++) 

Well differentiated 

Case 3 

u (++I+++) 

Case 6* 1 Very well differentiated I Same (+++I+++) 
I 

Poorly differentiated 

Case 5 

4 (++I+++) 

Case 8 1 Poorly differentiated I ++ (++++I++) 
I 

Well differentiated 

Case 7* 

Same (++++I++++) 

Case 10 1 Well differentiated I + (++++I+++) 

Very well differentiated 

Case 9 

* Verrucous carcinoma 

Same (++I++) 

Well differentiated ++ (++++I++) 



Table 9. EGFR Staining in Different Epithelial Layers 

Diagnosis 

Normal 

Hyperplasia 

Mild dysplasia 

Severe dysplasia & CIS 

# of 
cases 

Epithelial layers stained with EGFR (%) 
Basal + parabasal 

(Grade 1) 
Basal + parabasal + upper 

spinous cells (Grade 2) 



Table 10. Correlation Between Staining Intensity Among Hyperplasia, Dysplasia 

and Squamous Cell Carcinoma 

(Group A, Normal mucosa; Group B, Hyperplasia; Group C, Mild dysplasia; Group D, 

Moderate dysplasia; Group E, Severe dysplasia; Group F, SCC) 

Comment: 

X2 (10 df) = 24.32; p value = 0.007. The value seems significant, but the bottom 

row is very sparse. 



Table 11. Correlation Between Staining Intensity, Degree of Dysplasia and the 

Appearance of Carcinoma 

(Group A, Normal mucosa; Group B, Hyperplasia; Group C, Mild dysplasia; Group D, 

Moderate dysplasia; Group E, Severe dysplasia; Group F, SCC) 

X2 (4 df) = 18.30; p value = 0.001 1 

Staining intensity 

Moderate (Grade 2) 

Strong (Grade 3) 

Very strong (Grade 

4) 

Total 

Comment: 

Significant: Group F has more 'very strong' staining scores. This is the most 

Group A 

+ 
Group B 

8 

12 

1 

2 1 

reliable result. 

Group C + 
Group D + 
Group E 

10 

20 

3 

3 3 

Group F 

2 

2 

6 

10 

Total 

20 

34 

10 

64 



Table 12. Correlation Between Staining Intensity, Degree of Dysplasia and 

Carcinoma (Grade-3 and Grade4 staining reactions grouped together) 

Staining intensity 

Moderate (Grade 2) 

Strong + very 

strong (Grade 3 

and 4 together) 

Total 

Group A 

+ 
Group B 

8 

Group C + Group 

D +  

Group E 

10 

Group F Total 

(Group A, Normal mucosa; Group B, Hyperplasia; Group C, Mild dysplasia; Group D, 

Moderate dysplasia; Group E, Severe dysplasia; Group F, SCC) 

2 x (2 df) = 1.06; p value = 0.59 

Comment: 

The results are not significant. The distinction between 'strong' and 'very strong' 

staining is lost by combining the groups. 



Table 13. Immunohistochemical localization of EGFR on normal oral mucosa 

Authors 

I Partridge et al., 

Shirasuna et C 
Kunikata et al., 

1992 

Whitcomb et 

al., 1993 

Basal cells (site of 

specimen) 

t (site not specified) 

++ (Site was not 

specified) 

- (buccal & lingual 

mucosa) 

+ (retromolar and 

palate) 

+++ (buccal, 

lingual, gingiva, lip, 

floor of mouth, 

palate) 

Parabasal 

cells 

+ 

-- 

Upper spinous layer 

Non-keratinized 

epithelium: - 

Keratinized 

epithelium: + 
- 

+ (No difference in 

staining pattern 

between keratinized 

and non-keratinized 

epithelium was 

noticed.) 

Antibody used 

MAbs EGFR 1 & 

F4 (No source was 

mentioned) 

MAb from 

Oncogene Science 

MAb from human 

A-43 1 cells (Bio- 

Markor, Israel) 

 MA^ 3 to E G F ~  & 

MAb 1 to EGFR 

from Oncogene 

Science 



Table 14. Patient data: Tobacco Chewing and Smoking, and Drinking Habits of 

Patients from Kerala 

l ~ i d i s :  Local cigarettes made by wrapping less than 0.5 g of coarse tobacco in a dry 
temburni (Diospyros melanoxylon) leaf. 
2 Pan: The most common masticatory available in India which is formed by wrapping up 
bits of tobacco and small slices of areca nut in a betel leaf smeared with lime. 

Abbreviations: B, Betel leaf; N, areca Nut; L, Lime; T, Tobacco; NI, No Information 
available 

3smoking cigarettes instead of bidis. 

Socioeconomic class: Class I, Professionals; Class 11, Non-professional and Managerial; 

Class III, Non-manual or Manual Skilled; Class IV, Manual Unskilled (Modified from 

Leete and Fox, 1977) 

Socioeconomic 
class 

I 
IV 
IV 
III 
NI 
111 
111 
IV 
IV 
III 
IV 
NI 
111 
111 
IV 
IV 
IV 
IV 
IV 
111 
111 
IV 
IV 

Chewing 
(pan per 

day) 
5-9 

10-15 
10-15 

0 
NI 
5-9 
<5 

10-15 
5-9 
5-9 
5-9 
NI 
4 
5-9 

10-15 
<5 
<5 
5-9 

10-15 
10-15 
5-9 

10-15 
<5 

Case 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 

Age1 
gender 

40/F 
45/F 
50/F 
5 2 N  
5 m  
5 5 N  
55N3 
5 7 N  
5 7 N  
59/F 
60/F 
60/F 
60/M 
60/M 
60/F 
6 1/F 
6 2 N  
62/F 
6 4 N  
6 4 N  
6 5 N  
66/F 
75lF 

Smoking 
(Bidisl per 

day 
0 
0 
0 
0 

NI 
20+ 
5-9 
20+ 
<5 
0 
0 
NI 
0 

5-9 
0 
0 
<5 
0 

20+ 
5-20 
5-20 

0 
0 

Alcohol 
(ounces 
per day) 

0 
0 
0 

10+ 
NI 
5-9 
0 

5-9 
<5 
0 
0 
NI 
0 
0 
0 
0 
0 
0 

5-9 
0 
0 
0 
0 

Contents of 
pan2 

BNTL 
BNTL 
BNTL 

0 
NI 

BNTL 
BNT 
BNTL 
BNTL 
BNTL 
BNTL 

NI 
BNT 

BNTL 
BNTL 
BNTL 
BNTL 
BNTL 
BNTL 
BNTL 
BNTL 
BNTL 
BNTL 



Table 14a. Tobacco Habits of Patients with Oral Cancer from Kerala: A Percent 

Breakdown 

Habit 

Ingredients of the betel quid 

Group I: Chewing only 

Group II: Chewing and Smoking 

Group 111: Chewing, Smoking 

and Drinking 

Group IV: Drinking only 

Group I: BTNL 

Group 11: BTN 

Group 111: NI 

Group V: NI 

Male 

Male 

8 

2 

1 * 

* This patient had heavy drinking habits. 

(Abbreviations: B, Betel leaf; N, areca Nut; L, Lime; T, Tobacco; NI, No information 

recorded) 

Female 

10 

0 

2 

Female 

10 

0 

0 

Total 

18 (78%) 

2 (9%) 

3 (13%) 

23 

Total 

1 1 (48%) 

5 (22%) 

4 (17%) 



Table 15. Patients' Data and p53 Staining Results 

Abbreviations: B, Betel leaf; N, areca Nut; L, Lime; T, Tobacco; NI, No Information 
available 

Age1 
gender 

40F 
45F 
50F 
5 2 N  
52F 
5 5 N  
5 5 N 3  
5 7 N  
5 7 N  
59F 
60/F 
60F 
6 0 N  
6 0 N  
60/F 
61/F 
6 2 N  
62F 
6 4 N  
6 4 N  
6 5 N  
66F 
75/F 

(+, weak 

3Reported having smoked cigarettes instead of bidis. 

Diffuse, A group of positive cells; Scattered, Occasional positive single cells only; 0, No 
pattern) 
'Bidis: Local cigarettes made by wrapping less than 0.5 g of coarse tobacco in a dry 
temburni (Diospyros melanoxylon) leaf. 
2 Pan: The most common masticatory available in India which is formed by wrapping up 
bits of tobacco and small slices of areca nut in a betel leaf smeared with lime. 

Socioeconomic 
class 

I 
IV 
IV 
111 
NI 
HI 
111 
IV 
IV 
n1 
IV 
NI 
111 
111 
IV 
IV 
IV 
N 
IV 
111 
111 
IV 
IV 

staining; ++, 

Chewing 
(pan per 

a day 
5-9 

10-15 
10-15 

0 
NI 
5-9 
<5 

10-15 
5-9 
5-9 
5-9 
NI 
<5 
5-9 

10-15 
4 
4 
5-9 

10-15 
10-15 
5-9 

10-15 
4 

Moderate staining; 

Smolung 
(Bidisl 

per day) 
0 
0 
0 
0 
NI 
20+ 
5-9 
20+ 
<5 
0 
0 

NI 
0 

5-9 
0 
0 
<5 
0 

20+ 
5-20 
5-20 

0 
0 

+++, Strong 

Alcohol 
(ounces 
per day) 

0 
0 
0 

10+ 
NI 
5-9 
0 

5-9 
<5 
0 
0 

NI 
0 
0 
0 
0 
0 
0 

5-9 
0 
0 
0 
0 

staining; 

Contents 
of pan2 

BNTL 
BNTL 
BNTL 

0 
NI 

BNTL 
BNT 

BNTL 
BNTL 
BNTL 
BNTL 

NI 
BNT 

BNTL 
BNTL 
BNTL 
BNTL 
BNTL 
BNTL 
BNTL 
BNTL 
BNTL 
BNTL 

Negative, 

p53 
staining 
intensity 

+ 
++ 
+++ 

- 
- 

+++ 
- 

+++ 
++ 
- 
f 
- 
- 

++ 
++ 
- 
- 

++ 
+++ 
++ 
++ 
+++ 

- 
No staining; 

~ 5 3  
staining 
pattern 

Scattered 
Diffuse 
Diffuse 

- 
- 

Diffuse 
- 

Diffuse 
Diffuse 

- 
Scattered 

- 
- 

Diffuse 
Scattered 

- 
. - 
Diffuse 
Diffuse 
Diffuse 
Diffuse 
Diffuse 

- 



Table 16. Relationship Between Over-expression of p53 and Site of Lesion 

Sitenotal number of 
Intensity of staining 

- + ++ +++ 



Table 17. Expression of p53 and Chewing Habits (number of quiddday) 

Number of pans Intensity of p53 Staining 

chewed per day 

I 5-9 quidslday I 2' I 1 ! 4 1 
I I I 

c5 quidslday 

1 10+ quidslday 0 I 3 4 

- 

E Includes a case with no history of chewing 

6•’ 

* Includes a very weakly stained vermcous carcinoma 

+ 
0 

++ u+ 

0 0 



Table 18. Statistical Analysis of p53 Expression and Chewing Habits in Oral 

Cancer Patients from Kerala 

p53 positive cases 1 14 I 0 I 14 
I I 

>5 quiddday 

I Total I 15 I 6 I 2 1 1 

4 quidsfday 

p53 negative cases 

Fisher Exact test (p value = 0.001 1). 

Total 

1 6 7 



Table 19. Correlation Between Number of Betel Quids Chewed and the Intensity of 

p53 Staining Reactions 

(Multiple R, 0.794; R Square, 0.630; Adjusted R Square, 0.609; SE, 2.5 14; Observations, 

20; p-value, 0.000 16) 



Table 20. Tobacco Chewing Habits of Patients with Oral Cancer from Sri Lanka 

(Ranasinghe et al., 1993) 

Betel Chewing 

With tobacco 

Without tobacco 

Smoking 

Cigarettes 

Cigars 

Bidi 

Mixed Smoking 

Chewing and Smoking 

Male 



Fig. 1. Normal non-keratinized and orthokeratinized stratified squarnous oral epithelium 
(Bhaskar, 1986). 
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Fig. 2. 

A signal chain of events (modified from Hsuan, 1993) 
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Fig. 4. Photomicrograph of normal oral mucosa showing strong EGFR staining in basal, 

parabasal and upper spinous cell layers. (Original magnification 80) 



Fig. 5.  Photomicrograph of a hyperplastic oral lesion demonstrating strong basal and 

parabasal EGFR staining and a weaker staining in the upper spinous cells (Black arrows). 

(Original magnification 80) 



Fig. 6. Photomicrograph of a mildly dysplastic oral lesion demonstrating moderate basal 

and parabasal EGFR staining in some areas (Black arrows), but negative or equivocal 

staining in other areas (Hollow arrows). (Original magnification 80) 



Fig. 7. Photomicrograph of a moderately dysplastic oral lesion demonstrating strong 

EGFR staining in basal and parabasal cells on the left side of the field (Black arrows), but 

weak or equivocal staining in other areas of the field (Hollow arrows). (Original 

magnification 80) 



Fig. 8. Photomicrograph of a severely dysplastic oral lesion demonstrating very strong 

EGFR staining in basal, parabasal and upper spinous cell layers. (Original magnification 

80) 



Fig. 9. Photomicrograph of an oral squamous cell carcinoma demonstrating very strong - 
EGFR staining. (Original magnification 80) 



Fig. 10. Photomicrograph showing the expression of p53 oncoprotein on an oral 

squamous cell carcinoma. (Original magnification 80) 
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