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Many, ifnot dl, oral squarnous cell carcinomas (SCC) are believed to develop through sequentia 

stages involving progressing degrees of dysplasia @remalignant lesion) and 6 n d y  invasive SCC. 

It is now generaily accepted that underlying this rnultistage process are a senes of genetic change 

in cnticai genes cailed oncogenes and tumour suppressor genes (TSG). Study of the sequence O 

these genetic changes in premaiignant lesions is particularly important since such information is 

essential for early diagnosis and intervention. 

Tumourigenesis occurs after loss of loci containing TSGs on specific chromosomes. Recently, 

powerfiil new procedures have been developed to detect this loss, even frorn archival materiai. 

One technique, rnicrosatellite anaiysis, detects loss of heterozygosity (LOH). LOH has been 

found to be a cornmon event in rnany head and neck cancers, particularly when it occurs on 

chromosomes 3p, 9p, and 17p. However, information on LOH in oral premalignant lesions (oral 

dysplasias) is sparse. 

This thesis used microsatellite analysis to examine allelic loss in oral dysplasias. in addition, oral 

lichen planus (OLP) was included in the anaiysis; whether or not OLP is a prernaiignant lesion is 

subject of much current debate. Sixty one cases of dysplasias and 33 cases of OLP were assessed 

for alletic loss at 9 loci located on chromosomes 3p, 9p, and 17p. In addition, 29 cases of benign 

reactive lesions and 28 SCCs were andyzed and used as negative and positive controls 

respectively. 

The study has, for the first time, show that with progression of orai dysplasias there is 

progressive development of LOH. LOH on any of the three arms was present in only 14% of 

reactive lesions, but increased with progression of the orai lesions. It was present in 43% of mild 

dysplasias, 57% of moderate dysplasias, 79% of severe dysp1asidc.i.s. and 100% of SCC. The 

fiequency of this loss correlated significantly with progression of oral lesions (p = 0.0167). 



Furthemore, LOH was detected on ody a single arm in reactive lesions but occurred on more 

than one chromosome in dysplasia and cancer. The Eequency of this multiple loss (multiple kt) 

again correlated signincantiy with progression of oral lesions @ = 0.0 167). 

Oniy 6% of OLP showed LOH, a fiequency that is even Iower than that of the benign reactive 

lesions. Simiiar to reactive lesions, the allelic loss noted in OLP was again only present on single 

chromosome arms. While these findings do not support OLP as a lesion at nsk for malignant 

transformation, such results need to be confirmed by use of other genetic markers since OLP may 

undergo malignant transformation through genetic pathways dEerent fiom those of oral 

dysplasia. 
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1. OVERVIEW 

Head and neck squamous ceil carcinoma (HNSCC) is responsible for 5% cf malignmcies in the 

Western hemisphere (Vokes et al 1993), but the rate of HNSCC is as high as 40% in the Far East 

and India (Saranath et al 1993). Patients with HNSCC and oral cancer tend to have a high rate of 

local recurrence and of second primary tumours throughout the aerodigestive tract even afler 

successful treatment of the first Nmour. This phenornenon, termed field cancerkation, was first 

noted by Slaughter et al (1953) when he described carcinogen-induced changes throughout the 

upper aerodigestive tract resulting in multiple prirnary malignancies. 

Despite the advances made in cancer treatment, five year sumival rate for most cancers, with the 

exception of some hematological malignancies, has not Unproved over the last several decades. 

Early diagnosis and treatment still offers the best chance of cure for cancers. This has resulted in 

a recent emphasis on the study of early phases of carcinogenesis (premalignant lesions), and an 

increased awareness of the importance of screening and management of the carcinogenesis 

process at early stages. According to the World Heaith Organization (1978), premalignant lesions 

are morphologically altered areas of a tissue in which cancer is more likely to occur than in its 

apparently normal counterpart. Only a small percentage of premalignant lesions progress into 

cancer (Banoczy and Sugar 1972; WHO, 1978). 

In the oral cavity, premalignant lesions most often present clinically as leukoplakia, and 

occasionally as erythroplakia. As with other premalignant lesions, the majority of oral 

premalignant lesions do not become maiignant. The malignant potential of oral lesions are 

currently judged solely on the degree of dysplasia by microscopie examination of tissue sections 

stained with hematoxylin and eosin a d o r  other histolochernical procedures (WHO, 1978; 



Beckstead et al 1996). Acmrding to the severity of dysplasia present in a lesion, oral 

premalignant lesions c m  be classiiïed histologicaily into rnild dysplasia, moderate dysplasia, sever 

dysplasia, and carcinoma in situ (c.i.s.) before becoming invasive squatnous ceil carcinoma (SCC 

(histological tumour progression model). While the histological progression model offers a good 

predictive value for Iate preinvasive Iesions (severe dysplasia and c.i.s.), this mode1 is poor in 

predicting the maiignant potential of early prernalignant lesions (mild and moderate dyspIasia). 

Biomarkers that will help in identifjing premalignant lesions that have higher malignant potential 

are highly needed. 

Lichen planus (LP) is a common mucocutaneous infiammatory disorder of uncertain etiology that 

occurs fiequently in the generd population festimated prevalence of 1%). It commoniy affects 

the orai cavity and has been regarded to be a premalignant oral lesion (Scully & El-Kom 1985; 

Axeil 1976; Pindborg et ai 1972). However, there is controversy regarding the premalignant 

potential of oral Iichen planus (OLP). Some argue that oniy those OLPs that have developed 

dysplastic changes have a malignant potentiai, whereas OLP per se is not prernaiignant. Studies 

are needed to resolve the controversy. 

With rapid development of rnolecular biology techniques, there is increasing evidence that 

multistage carcinogenesis is underlined by a series of genetic changes in oncogenes and turnour 

suppressor genes (TSG), which must be lost for tumourigenesis to occur. Study of the sequence 

of these genetic changes in premalignant lesions is particularly important. The understanding of 

multistage carcinogenesis at early stages is critical to early diagnosis and intervention of the 

disease process. 



This thesis d l  employ microsatellite analysis, a powerful new procedure that detects loss of 

heterozygosity (LOH), to study the loss of TSGs in oral dysplastic lesions and OLP. LOH has 

been found to be a cornmon event in many head and neck cancers, particularly those occurrhg on 

chromosomes 3p, 9p, and 17p (Califano et al 1996; El-Naggar et al 1995; Emilion et al 1996; 

Mao et al 1996; Roz et al 1996). However, information on LOH in diierent stages of oral 

premalignant lesions (oraI dysplasias) and OLP is lacking. 

Oral cancer is genedy believed to develop through sequential stages of premalignant lesions: 

rnild, moderate, severe dysplasia, and c.i.s. (WHO, 1978). The following section wiii first review 

oral premalignant and malignant lesions, including the controversiai lesion OLP. It will then 

briefly surnmarize the genetic changes, mainiy allelic losses at chromosome 3p, 9p, and 17p in 

head and neck premalignant and maiignant lesions. 

2. ORAL PREMALIGNANT AND MALIGNANT LESIONS 

2.1. Oral Mucosa 

The mucosa that lines the orai cavity consists of overlying epithelium and underlying co~ect ive  

tissue, simila. to skin. The majority of carcinomas of the orai cavity arise £kom the lining 

epithelium of oral mucosa. Normal oral lining epithelium is composed of stratified squamous 

epithelium, which consists primarily of basal cells and prickle cells. The cuboidal-shaped basal 

cells form the first Iayer on the basement membrane that separates the epitheliai lining fkom the 

underlying connective tissue Iayer, the lamina propria. Basal ceUs have dividing capacity and give 

rise to the prickIe Iayer located above them. 



When a basal ce11 divides, it may give rise to new basal ceils or differentiate to forrn the larger 

polyhedral shaped pnckie cells. As the prickle cells mature, they push towards the d a c e  whetr 

they shrink in size, become long and flat, and are eventuaily desquamated. Oral epithelium is 

usually non-keratinized except for mucosae linhg of the attached gingiva, hard palate, dorsal 

surface of the tongue, and lips. 

The comective tissue or lamina propria consists of loose connective tissue containing blood 

vessels, lymphatics, and fibroblasts, as well as collagen and elastic fibers. It functions to nounsh 

and support the epitheiial layer. 

2.2. Etiolow of Oral Cancer 

Severd factors are involved in the pathogenesis of SCC of the oral cavity and can be used to 

identie those at risk. The main risk factors of oropharyngeal carcinogenesis are tobacco usage 

ancilor alcohol consumption. 

Tobacco usage is the most important etiological factor for HNSCCs (Bundgaard et al 2995; 

Paterson et al 1996; Andre et al 1995). Both the smoking and the smokeless forms of tobacco 

have been strongly associated with development of HNSCC. It is well known that tobacco 

contains various carcinogens such as aromatic hydrocarbons and nitrosamines. These carcinogen 

effects of tobacco are dose and time dependent: more and longer use of tobacco products 

increases risk of developing cancer. The risk of cancer development is particularIy high for 

individuais who began smoking before age 18 and sustained the habit for 35 years or longer. 



Subjects who smoked non-filter cigarettes, who "roiled their own", or who "inhaleci" all had a 

higher risk cornpared tu controls (Andre et al 1995). Cessation of smoking has been found to 

lower risk of HNSCC as compared to those who continue to smoke, but only former casual 

smokers (<7 cigarettedday) could get to the same low risk as non-smokers (Andre et a[ 1995). 

The risk associated with alcohol consumption is not as we11 understood as tobacco. It is not clear 

whether alcohol by itselfis carcinogenic, since heavy drinkers usudy tend to smoke as well. 

Hence, it is difticult to separate the effects of alcohol on carcinogenesis. Some beiieve that 

dcohol only acts as a cocarcinogen. The possible rnechanisms proposed for the cocarcinogenic 

effects of alcohol inciude the dehydrating and imtating effect it has on mucosa, or it7s potential 

function as a solvent for carcinogens (Gerson, 1990). The cocarcinogenic effects may also result 

fiom tiver damage by alcohol, which causes reduced clearance of carcinogens (Gerson, 1990). 

Hsu et al (199 1) also suggested that ethanol may temporarily inhibit DNA repair. There is no 

doubt, however, that combined usage of tobacco products and alcohol causes rnarkedly increases 

the risk of cancer development. 

The roles these etiological factors play in the incidence of HNSCC is strongly supported by the 

distribution of oral cancers. HNSCC is responsible for 5% of malignancies of the Western 

hemisphere (Vokes et al 1993) and is caused mainly by smoking. On the other hand, the rate of 

HNSCC is as high as 40% in the Far East and India (Saranath et al 1993), where not only 

smoking is popular but also usage of smokeless tobacco, starting fiom a young age. Smoking of 

bedi (tobacco rolled in a tembumi leaf) and reverse-smoking are also prevaient in these regions. 

These subjects often also have dietary deficiencies such as vitarnins A and C, iron and other trace 



elernents (Paterson et al 1996). While nutritional deficiency is not carcinogenic, the deficiency 

may cause decreased protection against development of cancer. 

Genetic predisposition and famiIy history dso contribute to risk of any type of cancer. In a 

Brazilian study of HNSCC, Foulkes et al (1995) found that a family history of any cancer 

significantly increased one's risk of developing HNSCC. This risk was especially high in first 

degree relatives, particularly among siblings. The reiative risks calculated were adjusted for age, 

sex, and city of admission, as weil as alcohol and tobacco use. 

When discussing possible etiological factors of cancer of the aerodigestive tract, one must 

consider the theory of field cancerization. In 1953 Slaughter et al introduced the concept of "fieh 

cancerization" to explain the high incidence of second pnmary tumours arising in the 

aerodigestive tract. According to this theory, the carcinogen-exposed field, i.e., the aerodigestive 

tract exposed to heavy smoking, contains multiple lesions at different stages of cancer 

development reflecting the independent mutation of multiple cells across the exposed epithelium. 

This theory is generaily used to explain why cancer patients have a high risk of developing a 

second primary tumour in the carcinogen exposed field. HNSCC patients not only have a hi& 

rate of local recurrence of their cancer but also have a 2-3% chance of developing a second 

primary, independent cancer each year (Berg et al 1970; Licciardeilo et al 1989). 

Another theory used to explain the high rate of formation of second primary tumours in HNSCC 

patients is that a genetically changed single ceil may spread to an adjacent mucosal surface. 

Thus, the second primary turnour is just a maIignant clone of a genetically similar primary 



tumour. Presently, the buIk of evidence support the field cancerization theory, although some 

new evidence supports the second hypothesis ( Bedi et al 1996). 

2.3. Oral Premali~nant Lesions 

A premahgnant lesion is "a morphologically altered tissue in which cancer is more likely to occui 

than in its apparently normal counterpart", according to the World Heaith Organization (1978). 

Most oral premalignant lesions present clinicaily as leukoplakias, and occasionally as erythroplak 

(WHO, 1978). These terms are merely clinicd descriptions and their risk for malignant 

transformations must be assessed histologicaily by the presence or absence of dysplasia and the 

degree of dysplasia. 

Leukoplakia means "white patch" and occurs on mucous membranes such as the mucosa of the 

oropharynx, Larynx, esophagus, and genitai tract. Not necessarily white, leukoplakias also may 

appear yeilow to Light brown, especially in smokers. The Worid Health Organization (WHO) 

defines leukoplakia as a white patch which is not removed by mbbing and is not classifiable as an 

other oral disease. Leukoplakia is a clinical entity, and the term can be only used clinically. 

Leukoplakias histologically demonstrate epithelial hyperkeratosis a d o r  acanthosis with or 

without dysplasia. The more severe the degree of dysplasia, the greater the potential for 

malignant transformation. Overall, 4% of leukoplakias eventudIy undergo malignant 

transformation (McFarland et al 1996). Lesions that have red granular areas andor spreading 

margins, as well as fissured or thickened lesions, al1 c m -  increased risk for cancer (WHO, 1978) 



Leukoplakias occur throughout the oral cavity, with those in the buccal and mandibulas sites 

being the most common. Leukoplakias fiom the floor of the mouth, ventrolateral surface of the 

tongue, soft palate, and lips hold an increased risk for dysplasia and squamous ceii carcinoma. 

Hence, these regions are called hi&-risk areas whereas the other oral sites are caiied low-risk 

areas (Banoczy and Sugar, 1972). 

Erythroplakia, a lesion much less comrnon than leukoplakia, presents clinically as  a red patch. 

This Iesion histologically shows atrophy of the epitheiium and may have erosion of the epitheiial 

layer, and it invariably shows either dysplasia, fiequently severe in degree, or SCC (WHO, 1978) 

The World Health Organization defines erythroplakia as "a lesion of the oral mucosa that preseni 

as bright red, velvety plaques which cannot be characterized clinically or pathologicalIy as being 

due to any other condition" (WHO, 1978). Cornmon sites for erythroplakia uiclude the floor of 

the mouth and the posterior two thirds of the tongue. The lesions rnay occasionaiiy appear as 

white or yeliow nodular bumps of keratinization on a red background. 

The majority of oral premalignant lesions will not progress into cancer (WHO, 1978; Banoczy an 

Sugar 1972). To assess the risk of malignant transformation of leukoplakia or erythroplakia, a 

biopsy is taken of the clinical lesion to examine the presence of dysplasia and the degree of 

dysplasia. The term dysplasia refers to the classical cytological and histological changes in 

intraepithelial lesions that are historically associated with an increased risk for cancer (WHO, 

1978). 

The World Health Organization has established the following criteria for histological diagnosis of 

oral dysplasia (1978): 



Loss of basal ce11 polarity 

More than 1 layer of basaloid cells 

hcreased nuclear to cytoplasrnic ratio 

Drop-shaped rete ridges 

Irregular stratification 

Increased and abnomai mitoses 

Mitotic figures in the superhial half of the epithelium 

Cellular pleomorphism (variation in shape and size) 

Nuclear hyperchromatism (dark staining nuclei) 

Enlarged nucleoli 

Reduction of cellular cohesion 

Keratinization of single cells or ceii groups in the spinous ceIi layer 

Dysplastic lesions are further divided into rnild, moderate, and severe forms depending upon hon 

rnuch of the tissue is dysplastic. Mild dysplasia are Iesions in which the dysplastic cells are 

c o h e d  to the basal layer and the ceils exhibit the srnaIlest degree of the above changes. With 

moderate and severe dysplasia, the epithelial layers involved and the severity of the celluiar 

changes are progressively increased. In carcinoma in situ, the dysplastic cells accupy the entire 

thickness of the epithelium (bottom to top changes) although the basernent membrane is stilI 

intact. Invasion of dysplastic celfs through the basement membrane into the underlying stroma 

and the dissemination of these cells to 0 t h  sites through lymphoid and circulatory systems are 

events associated with development of invasive SCC (WHO, 1978). 



2.4. Oral Lichen Planus 

Lichen planus (LP) is a cornmon mucocutaneous inflanmatory disorder of uncertain etiology tha 

occurs fkequently in the general population (estimated prevalence of 1%) and has been regarded 

by some to carry a potentiai elevation in cancer rïsk (Scully & El-Kom 1985; Axe11 1976; 

Pindborg er al 1972). The disorder derives its name from the reticular, white, "lichen-like" lesioi 

that are present on the ord mucosa andfor skin of patients. These lesions are usuaily 

asymptornatic, although the occasional case has erosive areas causing discornfort. Oral lichen 

planus (OLP) occurs most often on the buccal rnucosa, followed by the tongue, and gingiva. 

(McFarIand et al 1 996). 

WhiIe the cutaneous form tends to resoive itself spontaneously, the oral form is rnuch more 

persistent with remission being infiequent or absent. Several studies have obsewed OLP patient5 

over time and have noted the deveIopment of SCC at the orai lesion site in a srnall percentage of 

patients. Rates of malignant transformation in these studies Vary from study to study, averaging 

1-2%. The results and references of a few studies are summarized in Table 1. 



Table 1. Rate of Malignant Transformation in OLP 

Linked to 
Tobacco 

Use 

Author 

Holmstrup et al (1988) 

Sigurgeirsson et al (199 1) 

Murti et al (1986) 

Saiem (1989) 

Yes 

No 

No. 
of LP 
Cases 

61 1 

207 1 

722 

Despite the above information, opinions of dentists and oral pathologists tend to differ with 

respect to the malignant potentiai of these lesions. While some regard OLP as precancerous, 

others question whether OLP is a real premalignant lesion and have not folfowed thern up 

regularly (Krutchkoff and Eisenberg, 1985; 1 992). 

Rate of 
Malignant 

Transformation 

1.5% 

0.4% 

0.4% 

Country of 
Origin 

Denmark 

Sweden 

India 

Saudi Arabia 

It is not clear whether OLP is itself a risk lesion or whether an elevated cancer risk is only 

associated with those cases of OLP that contain dysplastic changes in them. Presence of dysplasis 

and degree of dysplasia is presently the most reliable parameter associated with precancerous 

lesions. 

Observation 
Tirne (years) 

10.1 

9.9 

5.1 

In 1985, the term "lichenoid dysplasia" was introducad by Krutchkoff and Eisenberg to classe 

OLP lesions with accornpanying dysplasia. They hoped to demonstrate that OLP by itself is not 

3.2 

premalignant and that only lichenoid lesions with accornpanying dysplasia should be regarded as 

11 

72 5.6% 



premaiignant lesions. After studying severai published cases of OLP with rnalignant 

transformation, it was concluded that most supposed OLP cases demonstrating rnalignant 

transformation were in fact lichenoid dysplasia (Kmtchkoff and Eisenberg, 1985). Further 

retrospective studies by Urbizo-Velez et al (1990) and DeJone er al (1 984) reported dysplasia 

present in 11% and 25% (both n=100) of the OLP lesions respectively. It is obvious that 

morphological approaches alone are not sufficient to resolve this controversy. An altemate 

approach rnay be to use molecular techniques to foUow genetic changes in the lesions and to use 

this data to differentiate between high-risk and low-risk lesions. 

OLP shows distinctive histopathological changes. This disease is thought to be a T-ce11 mediatec 

autoimmune disorder. There is extensive thickening of most layers of the epithelial layer, 

particulxly the straturn corneum, granular layer, and stratum spinosum. The latter layer 

frequently extends to the basal layer as the basal keratinocytes may be destroyed by infïitrating 

lymphocytes. Necrotic basal keratinocytes form colloid bodies or "Civatte bodies" with 

lymphocytic infiltrates forming satellites about them. In more advanced lesions, the lymphocytic 

infiltrates become so dense that the epithelial and connective tissue junction is obscured. 

The histological diagnosis criteria established by KnitchkoE and Eisenberg (1 985) include 

essential features, additional features, and disqualifjhg features. The essential features of OLP 

are: 

(1) liquefactive degeneratfon or destruction of basal cells 

(2) bandiike infiltrate of lymphocyte within lamina propna that intimately 

intermingles with the basal ce11 region of surface epithelium 



Additional features which may or may not be present included: 

(1) "saw-toothed" rete ridges 

(2) hyperorthokeratosis or hyperparakeratosis 

(3) separation of epitheiium fiorn the connective tissue with ragged cleavage and 

(4) formation of Civatte bodies. 

D i s q u w n g  features are: 

(1) presence of topographic and cytologie features of dysplasia 

(2) presence of heterogeneous round ceii infiltrate within the lamina propria 

(3) diffuse extension of infiltrate into deeper submucosal tissues or fiank 

preinvasive distribution of infiltrate. 

3. GENETIC CHANGE AND TUMOURIGENESIS 

3.1. Oncogenes and Suapressor Genes 

In 1994 Vogelstein developed a model for the development of colon cancer which iinked the 

histologicd changes that occur in that tissue dunng the development of cancer to mutation of 

specific genes. The underIying implication of this model was that for cancer to develop, a critical 

number of genetic changes had to occur in the tissue and that these changes accumulate during 

the progression of the turnour and are integral to the developrnent of the pathology. 

Since that t h e ,  progression models have been proposed for other types of cancers including head 

and neck tumours (Caiifano et al, 1996). A current estimate is that 7-10 independent genetic 

1: 



events are involved in the production of invasive SCC in the head and neck region menan 1993: 

These genetic events include the mutation of a number of critical genes that control the processi 

of ceildar proliferation and differentiation in a tissue. These genes associated with carcinogenes 

are classified into two main groups: oncogenes and tumour suppressor genes. 

Oncogenes are derived by the mutation of normal cellular genes termed protooncogenes. These 

genes are positive regulators of (act to stimulate) critical cellular processes such as ceil 

proliferation. Many protooncogenes code for proteins that are involved in signa1 transduction 

pathways, eventudy controlling the transcription of genes with products that are essential for 

triggering ceU turnover. Approximately 50 dserent oncogenes have been identiûed, coding for 

proteins that function as growth factors, growth factor receptors, cytoplasmic second messengei 

and regulators of gene expression. 

Very few oncogenes have been identified in head and neck cancers. Arnong the genes mutated 

are ras, rnyc, erbB-1 (epiderrnal growth factor receptor), erbB-2, bcl-1, and znt-2 (Kiaris et al 

1995; Saranath et al 1993; Wamakulasuriya et al 1992; Lese et al 1995). Our knowledge of the 

frequency of mutation of these genes in different populations is still somewhat limited. For 

example, ras and rnyc mutation appear to be more prevalent in head and neck tumours occurring 

in the Far East, possibly due to the use of chewing tobacco and betel quid by these populations 

(Paterson et al 1996, Samath et al 1993, 1994). In addition, very few studies have included an 

analysis of mutation eequencies in premalignant lesions. The few studies available tend to use 

irnmunohistochemical analysis and look at increased expression of the gene, not mutation. For 

example, Hou et al (1992) reported a progressive increase in c-erb-2heu expression as 

. premaiignant Iesions advanced to malignant lesions. It is not known whether this effect was due 



to a mutation of the gene itselfor due to a dysregulation of the expression of this gene resulting 

from a downstream effect of another mutation. 

In contrat to oncogenes, tumour suppressor genes (TSG) code for proteins that are negative 

regdators of (act to block) critical cellular processes such as ce11 proliferation. The fùnctions of 

TSGs must be lost in order for tumourigenesis to occur. According to Knudson's hypothesis 

(1985), both copies of a tumour suppressor gene have to be inactivated for its protective fùnctio 

to be lost in a celi. Experience with known suppressor genes, such as the retinoblastorna gene, 

suggests that this process involves two separate events, the first quite often involving a point 

mutation in one alIele, foilowed by loss of loci containing the wild type gene in the remaining 

aiiele. Recently, powerful new procedures have been developed to identfi the loss of these 

critical loci on specific chromosomes even fiom archivai material. One technique is referred to as 

microsatellite andysis, which detects Ioss of heterozygosity (LOH) and is a usefùl tool for 

determinhg the loss of putative TSGs. 

3.2. Microsatellite Loss of Beterozveositv Assav 

Microsatellite analysis has been s h o w  to detect alIelic loss in very smail amounts of DNA (ng 

quantities). This charactenstic is essentiai when working with premalignant lesions, since these 

samples are rare and biopsies are srndl in size. 

MicrosateLlites are tandem repeats of di, tri, or tetranucleotides, which are highly polyrnorphic an 

well-distributed throughuut the human genome. They are usefiil markers for studying genetic 

change because they show high levels of heterozygosity (60430%). This rneans that human 



populations have evolved variants of these regions, ciifferhg in the number of repeats present 

within the rnicrosateüite region. Informative cases will have a different number of nucleotide 

bases in the matemal and paternal copies of the region. 

Microsateliite LOK analysis begins with the amplification of DNA by the polyrnerase chah 

reaction @CR) employing 3 2 ~  end-labelled primers that ff ank an area of tandem repeats in the 

chromosomaI region of interest. Two samples of DNA are amplified at the same t h e  in separate 

reactions: DNA extracted fiom cells in the lesion of interest (e.g. epithelial cells in the turnour or 

premaiignant lesion) and DNA extracted from normal tissues, the latter usudy obtained from 

connective tissue underlying the lesion, or where possible, lymphocytes isolated fiom blood 

samples. M e r  amplification, the PCR products are separated on a denaturing polyacrylamide ge 

and exposed to autoradiographic film. A typical informative sample will yield two aileles in the 

control tissue, one of matemal and another of patemal origin, with electrophoretic migration 

dependent on the altele size. Sarnples are scored by cornparison of bands of lesion DNA with 

DNA of its corresponding normal control. LOH is reported if an allele is at least 50% lost in the 

lesion sample compared to the control. A sample is non-informative if both parental alleks are oj 

the sarne size. 



3.3.1. Turnour and LOH 

The majority of molecular studies on oral squamous ceil carcinomas have not been restricted to 

the oral cavity but instead have included tumours f a h g  into the broader category of head and 

neck squamous celi carcinomas (HNSCC). By definition, the oral cavity would include the inner 

mucosa of the lip, the buccal mucosa, tongue, paiate, floor of mouth, and gums. The broader 

classification of HNSCC wouId also include the salivary glands, oropharynx, nasopharynx, and 

hypopharynx. The following surnmary descrites studies performed with microsateliite markers ii 

HNSCC, but where possible data will be presented specifically for the oral cavity (Table 2). Sinc 

our study group was centered on oral lesions, a better cornparison would be with the latter 

topographicai grouping. 

In generai, genetic studies of HNSCCs have shown that there are multiple regions of 

chromosomal loss in these tumours. These studies have been done in two main ways. A few 

studies have included a cornplete allelotyping of the turnour DNA using prirners for each 

chromosomal arm (Ah-See et al 2994; Nawroz et al 1994; Field et al 1995). These studies have 

resulted in the identification of chromosomal regions that are most fiequently lost in these 

tumours. Other studies have focused on these regions using more samples and in some cases 

increasing the number of primers to better define the region of loss. 

Table 2 presents the data obtained on chromosomal regions most ftequently lost in HNSCCs and 

oral tumours. For each study shown in the table, the data are presented as a ratio of the number 

of cases showing LOH at the indicated region compared to the total number of informative cases, 



In addition, the percentage of informative cases showing LOH has been calculated for each stuc 

and the range of these fiequencies is presented in bold type for each chromosomaI m. 

Aithough there is a Large variation in Requencies arnong the studies, there is a general consensus 

that the most commonly observed regions of loss in these tumours occurs on 9p, 3p, and possibl 

17p. These data suggest that these regions contain loci that are critically involved in 

tumourigenesis, probably early during the process. Other regions of LOH may be specifically 

associated with Later events that are specific to the clinicopathoIogica1 characteristics of the 

tumour. For example, El-Naggar et al (1995) suggest that LOH at 8p may be more fiequently 

associated with high stage tumours. 



Table 2. LOB Frequencies in Head and Neck or Oral Cancers 

Orai Cancer 

14/27 Wu et al 1994 
26/45 Ishwad et al 1996 

NIA 

NIA 

3 5/73 Ishwad et al 1996 

48% 

Head and Neck Cancers 

8/18 Ah-See et al 1994 
3216 1 Adarnson et al 1994 
9/19 El-Naggar et al 1995 
18/27 Califan0 et al 1996 
1 8/27 Nawroz et al 1994 
22/46 Rowley et al 1996 

44 - 67% 

4/32 Field et al 1995 
13% 

12/28 Ah-See et al 1994 
5/20 Nawroz et al 1994 
13/45 Field et al 1995 

4/l 9 El-Naggar et al 1995 
21 - 43% 

14/40 Field et al 1995 
10119 El-Naggar et al 1995 
8/20 Califano et al 1996 
11/36 Li et al 1994 

8/20 Nawroz et al 1994 
31 - 53% 

24/39 Field et al 1995 
13/18 El-Naggar et al 1995 
54/74 C a l i o  et al 1996 

2 1/29 van der Riet et al 1994 
2 1/29 Nawroz et al 1994 

62 - 73% 
6/27 Ah-See et al 1994 
6/30 Field et al 1995 

7/20 El-Naggar et al 1995 
3/23 Nawroz et al 1994 

13-35% 



Table 2. Continued 

19q 

Data shown as number i 
bold face are the range 

513 9 Field et al 1995 
4/24 Nawroz et al 1994 

9/20 Ah-See et al 1994 
3/39 Field et al 1995 

5/15 El-Naggar et al 1995 
14/23 Nawroz et al 1994 

23-6 1 % 
8/30 Field et al 1995 

3 1/60 Califano et al 1996 
12/22 Nawroz et al 1994 

16/60 Li et al 1994 
27-54% 

6/19 Ah-See et al 1994 
1913 8 Adamson et al 1994 

1 8/36 Field et al 1995 
3/14 El-Naggar et al 1995 
34/62 Caiifano et al 1996 

9/20 Li et al 1994 
12/22 Nawroz et al 1994 

21-55% 
12/40 Field et al 1 995 

4/ 1 8 El-Naggar et al 1995 
8/26 Nawroz et al 1994 

22-31 % 

5/3 1 Field et al 1995 
3/18 El-Naggar et al 1995 
6/22 Nawroz et al 1994 

16-27% 
20141 Rowley et a1 1995 

411 9 El-Naggar et al 1995 
6/26 Nawroz et al 1994 

21-49% 
1 O/2S Nawroz et al 1994 

40% 
?lesions showing LOWtotaI number of uiformative cases. Numbers in 

for chromosornai information not 



3 -3 -2. Dvsplasia and LOH 

Most tumours are geneticaiiy unstable and contain multiple genetic changes and much donal 

heterogeneity. Therefore it is diflicult to use these data to determine which genetic changes 

actuaily drive the process of carcinogenesis. In other words, tumour studies yield a limiteci 

arnount of information on the temporal patterns or stages at which speciiïc alterations occur 

dunng the multistage tumourigenesis. Since carcinogenesis involves the sequential accumulation 

of genetic alterations, studies on earlier lesions would better define those changes associated witl 

the development and progression of HNSCCs. Unfortunately, studies on earlier dysplastic lesior 

have been limited by the comparative difficulty of obtaining and working with such samples, 

which are usuaily much smalter than tumour samples. 

Aithough the majority of studies have been performed on advanced, invasive tumours, a few 

studies have examined LOH fiequencies in premalignant lesions. Table 3 surnrnarizes the studies 

done on preinvasive lesions of the oral cavity speciiïcally and on head and neck sites in general. 

These studies used a limited nurnber of samples (al1 of which were microdissected) and focused 

mainly on those chromosome regions previously s h o w  to sustain the greatest frequency of Ioss i 

HNSCCs. 



Table 3. LOH Frequencies in Dysplastic Lesions 

Chromosome arm 

712 1 Roz et al 1996 
6/32 Mao et al 1996 

1 213 0 Emilion et al 1996 
19-40% 

NIA 

NIA 

12/32 Mao et al 1996 
38% 

OraI Cancer 

1 5/29 Califano et al 1996 
1/19 El-Naggaretal1995 

552% 

3/24 Califho et al 1996 
13% 

6/28 Califano et al 1996 
21% 

17/30 Califano et al 1996 
611 8 El-Naggar et al 1995 

NIA 

Head and Neck Cancers 

33-57% 
2/20 El-Naggar et al 1995 

1 lq 

13q 

NIA 

3/16 Emilion et al 1996 
18% 

10% 
913 1 Califho et al 1996 

111 5 El-Naggar et al 1995 

NIA 
32% 

10130 Califano et al 1996 
111 4 El-Naggar et al 1995 

18q 

I 
Data shown as number of lesions showing LOWtotd number of informative cases. Numbers in 
bold face are the range of %LOH for indicated chromosomal m. NIA, information not 
available. 

7-29% 
9/28 Califano et al 1996 

19q 

There are some major limitations in these studies. As shown in Table 4, most of these studies onil 

examined the more advanced premaiignant lesions, limiting the study cases to severe dysplasia am 

c.i.s. (El-Naggar et al 1995; Roz et al 1996). In the study reported by El-Naggar et al (1995) 

these dysplastic lesions were restricted to specimens obtained fiom patients that had a concurrent 

SCC. Genetic changes present in dysplastic tesions in the absence of SCC have been shown to 

1 1 1 EmiIion et al 1996 
7-33% 

41 1 9 El-Naggar et al 1 995 
9% 
NIA 

21% 
NIA 



dEer significantly from those lesions fiom patients with an invasive component, either 

concomitant or in a previous biopsy (Ernilion et al 1996). The study by Mao et ai reported on tl 

fiequency of Ieukoplakias that had 3p or 9p loss but gave no indication of the degree of dysplasii 

in the lesion. Two additionai studies (Califan0 et al 1996; Emilion et al 1996) grouped ail 

dysplastic lesions together with no indication of the severity of these lesions. A finai study by 

Ernilion et al (1996) did use dysplastic lesions with a range of severity but the number of lesions 

studied in the absence of SCC was small(8 mild, 4 moderate, and 5 severe) and the data are 

presented in a forrn that makes it difficult to interpret whether the severity of the lesion aEected 

the reported LOH fiequencies. However despite these limitations there is a generai consensus in 

these studies that 3p and 9p represent the earliest and rnost fiequent LOH changes in these early 

lesions. 

Table 4. LOH and Degrees of Oral Dysplasias 

Authors LOH Frequency 

Cdifano et al 1996 
(Head & Neck) 

El-Naggar et al 1995 
Wead & Neck) 

Mao et al 1996 
(Orai) 

Ernilion et al 1996 
(Orai) 

Roz et al 1996 
(Orai) 
Data shown 

3p - 7/17 (41%) 
17p - 3/17 (18%) 
(only lesions without associated 
SCC included) 

- - - - -  

Classitication of Lesion 

Dysplasia with no indication of 
severity 

Severekis lesions only 

Reported as IeukopIakias - some of 
which were dysplastic 

Used different Ievels of dysplasia but 
LOH resuIts were not shown for the 
dflerent degrees of dysplasias 

Severelcis lesions only 

r of informative cases. Numbers in 
bold face are the range of %LOH for indicated chromosornai m. 

2 



In summary, information on LOH in different degrees of oral dysplasias (different stages of early 

oral carcinogenesis) is lacking. In addition, there is no study of genetic changes in OLP. 

3.3.3. Tumour Progression Model for Head and Neck Cancers 

Progression models are used to correlate genetic events with histopathological progression. 

Cdifano et al (1996) postulated a progression model for head and neck cancer based on LOH 

analysis of lesions ranging fkom benign squarnous hyperplasia and dysplasia to c.i.s. (Figure 1). 

Figure 1: Tumour Progression Model for Head and Neck cancers as proposed by 
Califano et al 1996. 

According to this model, the loss of loci on 9p was the earliest event to occur and was present 

even in benign lesions. This loss was followed by LOH on 3p and 17p, then 1 lq, 13q, and 14q. 

As the lesion progressed fiom c.i.s. to invasive SCC, Sp, 8, and 4q were lost. Other studies on 

head and neck cancers are less extensive, using fewer premalignant lesions andfor limited to a 

smalier number of chromosomal anns. However, there is a generd consensus that the earliest 

regions of Ioss in premalignant lesions occur on 3p and 9p followed by 17p (Califano et al 1996; 

Ernilion et al 1996). These chromosomal arms also tend to have the highest fiequencies of 

occurrence in head and neck and oral tumours. As this study centered on oral premalignant 

lesions (early carcinogenesis phases), it makes sense to focus at least initially on studying loss of 

24 



these 3 chromosomal arms in these lesions. The following section wili briefly describe our preser 

state of knowledge on chromosornai loss on these 3 chromosomal arms in head and neck tumouri 

3.3.4. LOH Anahsis at 3 ~ .  9 ~ .  and 1 7 ~  in Head and Neck Turnours 

Chromosome 3p. Chromosome 3p loss is a comrnon occurrence in many types of tumours 

including lung, kidneys, cervix, ovary, endornetnum, and breast. (Wu et al 1993). It has been 

reported in approximately two-thirds of head and neck squamous ce11 carcinomas (Ishwad et al 

1996; Nawroz et al 1994). Fine mapping of the area of loss in these tumours has led to data that 

support the involvement of 3 discrete regions of deletion 3p 13-3p2 1.1, 3p2 1.3-3p23, and 3p25 

(Wu et al 1993, Maestro et al, 1993). A new putative tumour suppressor gene calIed FHIT has 

recently been localized to the 3p14.2 site. LOH in this region has been detected in cancers such 

as lung (Sozzi, et al 1996) and colon (Ohta et al 1996). A number of microsateiiite markers are 

presently available that span the FHIT region. 

Chromosome 9p. Allelic loss on the short arm of chromosome 9 has been reported in a number O 

tumours including the lung (Merlo et al 1994), bladder (Ruppert et al 19931, and head and neck. 

This region is commonly lost by homozygous deletion in many tumour types (Cairns et al 1996; 

Kamb 1994). Loss of this a m  has been reported for more than two-thirds of head and neck 

tumours (Nawroz et al 1994; Field 1995; El Naggar et al 1995; Califano et al 1996; Li 1994). 

Not oniy is 9p loss one of the most frequently occurring allelic losses in these tumours, but also 

among the earliest changes present (Califano et al 1996; El-Naggar et al 1995; Mao et al 1996). 

The putative tumour suppressor gene in this region is near the interferon (ENA) locus and is as 

yet unidentified aithough there is some support for the locus being that of thepid/CDKN2MSi 



gene. This gene encodes an inhibitor @16) of cyclin-dependent kinase 4, a kinase that is essenti; 

for progression of the ce11 through the Gl/S phase transition point. 

Chromosome /7n LOH of 17p has been reported to occur in 45-50% of head and neck cancers 

(Li et al 1994; Adamson et al 1994). Most lkely the gene lost in this region is TP53, a gene 

which codes for a protein that is invotved in the surveillance and response of celis to DNA 

damage. p53 acts as a transcriptional activator of a series of genes that code for proteins in 

pathways that deal with genetic damage. These proteins are involved in DNA repair (e.g. 

GADD45), ce11 cycle inhibition (cg. p21), and apoptosis (e-g. bcl-2) (White 1996). The 

possibility that the gene lost in this region is p53 is supported by data using the microsatellite 

marker 27'53, an informative polymorphism within thep53 gene. However, there is some 

suggestion that a novet tumour suppressor gene besides p53 rnay also be involved, and it is 

Iocated in the region de6ned by the cholinergenic receptor B 1 (CHRNB 1) locus at 17p 12-p 1 1 

(Adamson et al 1994). 

3.4. Genes on Chromosomes 313.913, and 1711 

3.4.1. Thep53 Gene 

Mutation of thep53 gene accompanied by a loss of the otherp53 allele (Iocated on chromosome 

17~13) is the most common genetic aiteration in hurnan cancer (Hollstein et al 199 1 ; Nigro et al 

1989). 



The p53 protein was discovered in 1979 as a phosphoprotein which CO-immunoprecipitated witl 

SV40 T-antigen (Lane and Crawford 1979). Due to the elevated levels found in dividing and 

transforrned cells, p53 was classified as an oncogene until its true nature as a turnour suppressor 

was discovered. Hinds et al (1989) reported that thep53 protein previously detected was actuall 

a mutated form and that the wild-type form acted as a negative ceU cycle regulator (Dilier et al 

1990; Baker et al 1990). 

In response to DNA damage, thep53 protein normally fùnctions as a negative regulator of the cc 

cycle by causing the celi cycle to arrest in the Gt phase (to give the ce11 time to repair itself) or b1 

inducing apoptosis if repair fails. In a sense it functions to preserve genomic integrity. For 

example, in response to ionizing radiation, p53 is induced and activates the expression of the p21 

gene. Thep2I protein is thought to induce cell-cycle arrest through the inhibition of cyclin- 

dependent kinase complexes. These kinases allow the ceil to pass fiom GI into S phase by 

phosphorylating critical substrates. The inhibition of kinase activity prevents the cell's entry into 

S phase. Wild typep53 protein is difficult to detect immunohistochemically due to its low 

concentration and short half Lfe. Consequentially, rnost forms ofp53 detected in this manner art 

mutated fonns, which have a much longer half life. Mutation ofp53 may result in no expression 

of wild-typep53, or more commonly an abnormal protein that not only fails in its function of 

DNA repair, but also forrns complexes with normal wiid typep53 hindenng its fiinction. 

p53 mutations usually are missense mutations which result in a substituted arnino acid and thus ai 

altered protein. Other mutations such as nonsense and 6arneshift mutations occur occasionally 

and the proteins these mutant genes encode are undetectable by irnrnunohistological methods duc 

to their unstable nature. 



Mutations in the p53 gene and over-expression ofp53 protein have been reported in a large 

number of human cancers, including both carcinomas and sarcomas, and are thought to be the 

most cornmon alteration in human cancer. There have been a number of studies investigating th€ 

p53 protein over-expression in oral premalignant and malignant lesions. Several papers have 

shown that a high percentage of oral SCC stained positive for the mutated p53 products. For 

example, Kaur et al (1994) detected positivep53 immunostainhg in 55% of oral dysplasias and ii 

75% of oral SCC. When the stage-wise progression of the orai lesions is considered, the studies 

have found that with increasing degrees of dysplasia and the appearance of SCC, not only was 

there an increase in the percentage of cases demonstratingp53 stauiing, but also an increase in thi 

staining intensity of the positive ceils and expansion of these positive ceils (Zhang et aZ 1993). 

Severai studies have measured the rate ofp53 mutation in oral cancer and KNSCC. Ahomadegbt 

et al (1995) detected mutation in 69% of lesions studied, with similar results fi-om other studies 

(Boyle er al 1993; Zariwala et al 1994; Saranath et al 1993; Greenblatt et al 1994). A high 

percentage of KNSCC was found to containp53 mutation although the percentage ofp53 

mutation in SCC was lower than that ofp53 protein over-expression. The sipficance of this 

discrepancy remains urhown and it is possible that mechanisms other than gene mutation may b~ 

responsible for the p53 over-expression. 

Few studies, however, have investigated p53 mutations with respect to preinvasive ord lesions, 

particularly the early dysplastic lesions or in a stagewise fashion. In a study by Lazanis et al 

(1995), 4 of 26 cases of oral premaiignant lesions demonstrated p53 mutation. Of the four lesion: 



showing mutation, 1 was fiom miid dysplasia, 1 fiom moderate dysplasia, and 2 fkom severe 

dysplasia, suggesting that p.53 mutation may be a very early event in HNSCC carcinogenesis. 

3 -4.2. The F H T  Gene 

Fragile sites are portions of chromosomes that are extremely weak and break easily. The nature 

of these sites has led to speculation that they might be involved in genetic instabilities that arise ii 

tumours. These weak areas may aiso be an easy target for carcinogens such as those found in 

tobacco. In 1996 Ohta et al discovered a gene which they called FHIT (fragile histidine triad) 

located on 3p14.2, one of the most common fragile sites on 3p. This gene was missing wholly oi 

partly in a wide array of turnours, namely, colon, breast, and Iung (Ohta et ai 1996; Sozzi et al 

1996). Alterations such as homozygous deletions, aberrant transcripts, and LOH of the FHIT 

gene have been detected in HNSCC cell lines (Viugilio et al 1996, Mao et al 1996). The fiinction 

of FHIT is yet to be elucidated but it fias been found to be partly homologous to a yeast enzyme 

that fiinctions in ce11 cycle control (Ohta et ai 1996). 

3.4.3. Thepl6 Gene 

The Multiple Tumour Suppressor 1 (MTSl) gene, otherwise known as the p l 6  gene, is Iocated O 

the short arm of chromosome 9. Ln order to understand the fûnction of thepld protein, it is 

necessary to have some basic knowledge of the cell cycle. The ce11 cycle is the interval between 

two consecutive ce11 divisions and is divided into two major phases: interphase and mitotic 

periods. Interphase, which in turn is divided into GI, S, and Gz phases, comprises the majority of 

the cycle. The Gi (gap 1) phase is simply the regular synthetic and biologic activities of the ceil. 



Next is the DNA synthesis phase, or S phase, where DNA replicates itself, and is followed by thc 

Gz phase where there is a tetraploid number of ceils which dows the mitotic (BA) phase to occur 

The transition fiom GI to S phase is the most important portion of the ce11 cycle in 

tumouiigenesis. 

Cyclin dependent kinase 4 (CDK4) dong with cyclins and its other CDK counterparts are 

responsible for ceii cycle regdation. In order for a ce11 to progress from GI to S phase, the 

activity of the complex cyclin D 1/CDK4 is required. Known to be linked to the ceIl cycle, the pi 

protein has been identified as an inhibitor of cyclin-dependent kinase 4 and thus interrupts the 

celys entry into S phase. Unlikep21 protein which inhibits cyciinKDK complexes, thepi6 

protein inhibits CDK4 kinase activity directly (Serrano et al 1993). The p l 6  gene has recently 

been mapped to the 9p21 locus, the same site as the MTSl (multiple tumour suppressor) gene. 

(Serrano et al 1993; Kamb et al 1994). Mutations or deletions o f p l  6 have also been discovered 

in various difEerent tumour ce11 lines including breast, lymphorna, and bladder. 

Tarn et al (1994) studied the differential expression ofpl6. Comparingpld andp21, it was 

determined that pl6 was expressed at various leveis in tumour ceIls while p2 i  was ubiquitous. II 

some ceil Iines, p i 6  was not detected at dl, perhaps due to a deletion of its gene. When 

compared to the normal counterparts of the tumour lines, the levels ofp l6  were much lower. 

Another interesthg fkding was that high levels ofpl6 protein was positively correlated with 

inactivation of the retinoblastoma gene product. Kato et al (1993) suggested that high levels of 

the cyclin D/CDK4 gene product could aIso inactivate the retinoblastoma gene product. Tarn et 

al measuredpl6 protein expression during the ce11 cycle and found that the protein levels varied 



during S phase, suggesting that pl 6 functions in CDK4 inhibition only at the G1-S transition 

when CDK4 kinase is no longer needed. 

Using glioma tumour ceii lines, Xe et al (1994) deterrnined that overexpressed CDK4 gene acts 

in a similar function to deletion of the p l 6  gene. In tumour ce11 lines wherepl6 genes were 

unaected, high levels of CDK4 was reported. Increased CDK4 activity may negate the fùnctioi 

of pl6 protein resulting in tumour devefopment. 

3.5. The p53, FHIT. RI 6 Genes, and To bacco U s a ~ e  

It is weli known that carcinogens such as tobacco have a profound effect on the pathway or 

genetic nature of cancer development. Since oral cancer is mainly caused by the use of tobacco 

products, the foiiowing section will review the available literature on the relationship between th  

p53, FHIT, andpl6 genes and the use of tobacco products. There are not many examples in the 

literature relating genetic changes, particularly LOH, with tobacco use in HNSCC or dysplasias 

(Mao et al 1996; Partridge et al 1994; Lydiatt et al 1994). The apparent lack of information 

regarding the relationship between genetic changes and tobacco usage is due to several factors, 

namely, that most publications did not obtain or publish this information. In many studies, the 

smoking habit for the cases studied were largely unknown. In other studies, the subjects includec 

were mainly smokers with an apparent lack of a sufficient number of non-smoker subjects for 

comparative purpose. 

Measuring allelic loss on chromosome m s  3p, Sq, 9p, 9q, 10q, 1 lp, 13q, 17p, and 18q of 

HNSCC samples, Lydiatt et al (1 994) predicted the relationship between LOH, tobacco exposurt 



and early recurrence. Their surprising results showed that al1 non-smokers showed LOH on one 

or more loci compared to smokers who only demonstrated an LOH of 53%. Since multiple 

deletions have a higher rate of early recurrence, this outcome was predicted for the nonsmokers 

tested. According to Law (1990), only 15% of people who smoke develop lung cancer. 

Therefore, other factors besides exposure to tobacco must increase risk for HNSCC. Lydiatt 

suggested that possible explanations for these higher rates in nonsmokers could be unrecognized 

risk factors such as environment or a genetic predisposition to HNSCC. 

Of the three genes to be reviewed here, the relationship betweenp53 mutation and tobacco usagr 

has been weli studied while those of the other two genes are less known, 

3.5.1. The -3 Gene and Tobacco Usage 

Mutation of the p53 gene and overexpression of the p53 protein are strongly correlated with the 

use of tobacco products. They also have been found in high fiequency in those cancers that are 

strongly related to the use of tobacco products, such as head and neck SCC, a lower fiequency in 

those cancers moderately related to the use of tobacco products, such as bladder cancer, and rare 

in those cancers that are not related to the use of tobacco products, such as sarcomas. Studies 

have shown that tobacco usage not only affects the incidence ofp53 mutation, but also has an 

effect on the type ofp53 mutations. The most commonp53 mutations are transversions or 

transitions of the base guanine (Raybaud-Diogene et al 1996; Ahomadegbe et al 1995; Boyle et a 

1993). 



For example, Lazams et al (1995) measured p53 mutations of oral prernalignant lesions in non- 

smokers and smokers by PCRISSCP andysis, Al1 cases that demonstrated missense mutations in 

p53 were fiom tobacco users, whereas non-tobacco users did not exhibit anyp53 mutations. In 

addition, ex-smokers also had a higher incidence ofp53 mutations than those who had never 

smo ked. 

The loss of fünction of a TSG is fiequently associated with mutation of the TSG at one ailele a n c  

LOH at the other allele. Sincep53 gene mutation is strongly associated with the use of tobacco 

products, one natural assurnption is that LOH at 17p should also correlate with the use of 

tobacco products. However, information on the use of tobacco products and LOH at 17p is 

sparse. One study on lung cancer found that allelic loss at 17p was not correlated with smoking 

(Sato et al 1994). In another study on bIadder cancer, neitherp53 mutation nor LOH at 17p wa$ 

found to be signiticantly correlated with the smoking habit (Uchida et al 1995). Information on 

LOH at 17p in head and neck SCC is totally lacking. 

3.5.2. The FHIT Gene and Tobacco Usane 

The FHIT gene was only recentIy identified, and thus few studies are available regarding its 

characteristics, in particular its relationship to tobacco usage. Some presume that it rnay be 

associated with tobacco usage judging fiom the fact that genetic changes in this gene have been 

found fiequently in HNSCC and other tobacco-induced malignancies (Schantz, 1994). 

There are 4 studies availabk regarding the relationship of LOH at 3p where the FHIT gene is 

located and the use of tobacco products. The results are contradictory. 



In a lung cancer study, aiieiic loss at 3p was not associated with the use of tobacco (Sato et al 

1994). In two studies involving oral lesions, LOH at 3p was not found to be correlated with the 

use of tobacco products in either oral premalignant lesions (Mao et al 1996), or in oral SCC 

(Partridge et al 1994). 

On the other hand, another study by Mitsudomi et al (1 996) of non-smail ce11 lung carcinomas 

(NSCLC) compared the LOH of 3p on smokers with that of non-smokers. The results showed ; 

significant dserence 36/68 (53%) loss of 3p in smokers as cornpared to 7/26 (27%) in non- 

smokers, @=O.OZ3 5, chi squared test). 

3.5.3. The u16 Gene and Tobacco Usa&e 

Again, there are few studies that have investigated the relationship of either p 16 gene, its proteir, 

products, or LOH at 9p where the pl6 gene is located with the use oftobacco products. In one 

study (Wu et al 1997) chromosome 9 aberrations were not found to be correlated with the use a 

tobacco products in lung carcinoma patients with a family history of cancer. In another study in 

which thepl6 protein expression status was investigated in lung carcinomas, the study found no 

correlation between loss o fp l6  protein expression status and heavy smoking (Enoshita et al 

1996). In a study by Takeshima et al (1996), mutations ofp l6  were investigated in lung 

adenocarcinomas of non-smoking Japanese women. No somatic mutations o f p l 6  were detectec 

(except for two silent germline mutations in one case) in the 28 cases studied, again suggesting 

that pl  6 gene change was not correlated with the use of tobacco products. 



Two shrdies have investigated aiielic loss at 9p and its relationship with the use of tobacco 

products. Ln a study using lung carcinomas, Sato et al (1994) compared LOK fiequencies of 

srnokers with that of non-smokers in adenocarchoma of the lung. The results showed LOH at 9 

was higher in smokers than in non-smokers but this diierence was not statistically significant. II 

a study by Mao et al (1996) using oral premaiignant Iesions, again LOH at 9p was not found to t 

correlated with smoking. 

4. STATEMENT OF PROBLEMS 

4.1. Lack of Genetic Markers that Can Be Used to Predict Cancer Risk 

The majority of oral premalignant lesions do not progress into cancer. The malignant potential O 

oral premaiignant lesions are currently judged solely by the degree of dysplasia. According to thc 

severity of dysplasia present in a lesion, oral premalignant lesions can be classified histologically 

into mild dysplasia, moderate dysplasia, severe dysplasia, and finaily c.i.s. There are two main 

problems, however, with the use of dysplasia in predicting malignant potential of a lesions. First, 

while histological diagnosis and degree of dysplasia have a good predictive value for late 

preinvasive oral Iesions (severe dysplasia and c.i.s.) since most of these lesions will progress into 

cancer, their predictive value for the early premalignant Iesions (rnild dysplasia and moderate 

dysplasia) is poor since most of these lesions do not progress into cancer. It is conceivable that 

these phenotypically sirnilarly dyspiastic lesions are genetically difFerent, resuIting in progression 

of some Iesions while others do not progress. It is desirable that genetic markers be developed SC 

that those high risk lesions can be identified. Another problem with the histological method is tha 

it is uareliable due to its subjective nature. Discrepancies in diagnoses are fiequently found 



between pathologists and certainly between different medicai centres. Again, the development of 

more objective methods, such as genetic markers, in risk prediction for oral premalignant lesions 

is highly desuable. 

Recently, new procedures have been developed to idente  the loss of critical loci on specific 

chromosomes even fiom archival material. These loci contain putative TSGs that must be lost for 

turnourigenesis to occur. One technique, microsatellite analysis, detects loss of heterozygosity 

(LOH), and is a useful tool for determinhg the loss of putative TSGs. LOH has been found to be 

a cornmon event in many head and neck cancers, particularly on chromosomes 3p, 9p, and 17p. 

However, information on LOH in oral premalignant lesions (oral dysplasias) is sparse, and there is 

a lack of information regarding Loss of tumour suppressor genes and progression of oral 

premalignant lesions. This study investigated ailelic loss on chromosome arms 3p, 9p, and 17p 

using different stages (degrees) of oral dysplastic lesions and SCC. It was hoped that the study 

would shed light on the temporal progressive development of genetic changes d u ~ g  oral 

carcinogenesis, and that these genetic changes may be used in cancer prediction of oral 

precancerous lesions. In addition, the study should also add to Our knowledge on the molecular 

mechanisrn of tumour progression and oral carcinogenesis. 

4.2. 1s Oral Lichen Planus a Prernalienant Lesion? 

OLP is one of the most common oral mucosa diseases, and is hotly debated regarding its 

malignant potentiai (Krutchkoff and Eisenberg 1985; 1992; Duffey et al 1996). Evidence 

supporting OLP as a premalignant lesion cornes from epiderniological studies in which about 1- 



2% of OLP were found to progress into ord SCC (Sigurgeirsson et al 199 1; Murti et ai 1986; 

Salem 1989; Holmstmp et al 1988). On the other hand, it was argued that OLPper se is not 

premalignant and only those OU-like lesions that have dysplastic changes are premalignant 

(Krutchkoff and Eisenberg 1985; 1992). 

1s it possible that only those OLP with dysplasia is precancerous? 1s OLP (without dysplasia) 

precancerous? If cancer only develops kom those cases of OLP-like lesions that demonstrate 

dysplasia, it seems unfair to let a large population of people with this cornmon oral disease 

without dysplasia carry the long-tenn mental burden that they are suffering fkorn a premdignant 

orai lesion. On the other hand, if OLP is indeed premalignant even without dysplasia, some OLP 

patients may not have been appropriately managed and foiiowed up. Studies are highly desired o 

this issue. 

One way to answer the above questions is to study the genetic changes in OLP and to determine 

those changes that are presumed to be of specific importance to early oral carcinogenesis (oral 

dysplasia) are found in OLP. There is a Iack of study on genetic changes of OLP. 

S. OBJECTIVES OF THE STUDY 

(1) To obtain information on alIeIic Ioss on chromosornai arms 3p, 9p, and 17p in different 

degrees (stages) of oral dysplasias (premalignant lesions). 



(2) To obtain information on aiielic loss on chromosomal arms 3p, 9p, and 17p and to use th 

data to determine whether OLP show s i i a r  pattern of LOH to that of oral dysplasia. 

6. HYPOTHESES TESTED 

(1) To test the hypothesis that LOH on chromosome arms 3p, 9p, and 17p occurs in both 

dysplastic and cancerous oral lesions, and the fiequency of such LOH increases with 

progression of the oral dysplastic lesions and the development of SCC. 

Ifthe data support the specific hypothesis, it would suggest that LOH at these 

chromosome arms plays an important part in early oral carcinogenesis, and the data may 

be used to establish the molecuIar progression mode1 for oral carcinogenesis. 

If the data disagree with the specific hypothesis, it would suggest that LOH at these 

chromosomes occurs late in oral carcinogenesis. 

(2) To test the hypothesis that LOH on chromosome arms 3p, 9p, and 17p does not occur or 

occur rarely in OLP. 

lf the data support the specific hypothesis, it would suggest that OLP is not premalignant 

and that oral cancers reportedly arising fiom OLP were probably fiom lichenoid dysplasia 

instead. If the data disagree with the specific hypothesis and OLP is found to have simiIai 

fiequemies of allelic loss as oral dysplasia, though to a lesser degreq it wodd suggest tha 

OLP is indeed an oral premalignant lesion, with or without dysplastic changes. 



7. SIGNIFICANCE OF THE STUDY 

The results provide information on the rnoIedar genetic profiles of these oral premaiignant 

Iesions. Such information is currently ümited but critical to our understanding of the mechanisn: 

of eariy carcinogenesis. In addition, the information generated may provide a better 

understanding of the malignant potential of early dysplastic lesions and OLP and hence assist the 

clinician in determining that appropriate treatmenr and management of these lesions is rendered. 



8. MATERIALS AND METHODS 

8.1.1. Sample Source 

Archivai paraffin blocks were obtained fiom the oral pathoiogy division of the Vancouver Generi 

Hospital & Heaith Sciences Centre. The use of these samples was approved by the University 

Ethics Cornmittee. 

A total of 15 1 specimens were used for this study, and consisted of the foiiowing groups: 

Group 1 : Reactive Lesions 

Group 2: OLP 

Group 3 : Orai dysplasia 

Mild dysplasia 

Moderate dysplasia 

Severe dysplasia/c.i.s. 

Group 4: SCC 

29 cases 

33 cases 

61 cases total 

22 cases 

2 1 cases 

19 cases 

28 cases 

AU reactive lesions, OLP, dysplasias, and c.i.s. specirnens were primary lesions and taken fiom 

patients who had no pior  history of head and neck cancer. Group 1 consisted of epulides, 

denture-induced or other trauma-induced fibroepithelial polyps, gingival hyperplasia, 

periodontitis, and mucocele. These reactive hyperpiastic lesions demonstrate epitheIial 

hyperplasia andor inflammation and served as a negative control group to mle out the possibiiity 

that the genetic changes observed in other groups are attributed to increased ce11 proliferation or 

chronic inflammation instead of prernalignancy. 



8.2. Diagnostic Criteria for the Sam~les 

The histologicai diagnosis criteria used for OLP and lichenoid dysplasia were those described by 

Knitchkoff & Eisenberg (1985) and for dysplasia by WHO (1978) and are surnrnuized below. 

The criteria for OLP were covered previously in section 2.4. 

Histolo~cal Diagnosis of Lichenoid Lesions 

Lichenoid lesions used in this study are characterized by superficial band-like infiitrate in lamina 

propria composed chiefly of lymphocytes (lichenoid), with no epithelial dysplasia, but otherwise 

do not fit into the strict criteria of OLP. 

Histolo~ical diagnosis of lichenoid dvs~lasia (Knitchkoff & Eisenberg, 1985) 

Lichenoid lesion or OLP + any 2 or more of the following feuiwes of dysplasia: 

Increased nuclear size, usuaily manifest by increased N/C ratios 

Nuclear pleomorphism 

Nuclear hyperchromasis 

Disturbed or disorderly epitheliai maturation 

Lack of celuIar cohesion, often manifest by marked intercellular edema 

lncreased or abnormal mitoses 

Blunted, club-shaped, or "tear drop" shaped rete pegs 

Histolo~ical Diagnosis of Oral Dvs~lasia (WHO, 19781 

Loss of basal ceIl polarity 

More than 1 layer of basaloid cells 

Increased N/C ratio 

Drop-shaped rete ridges 

Irregular stratification 



Increased and abnormal mitoses 

Mitotic figures in the superficial haif of the epitheiium 

Cellular pleomorphism 

Nuclear hyperchromatism 

Enlargeci nucleoli 

Reduction of ceiiuiar cohesion 

Keratinization of single celis or ce11 groups in the spinous cell layer 

Not al1 of the above changes are necessarily seen in each case of dysplasia. While a division into 

mild, moderate and severe dysplasia, and c.i.s. can be somewhat arbitrary, the histological 

diagnoses (including grading dysplasia) of the lesions were done independently by 2 oral 

pathologists, Dr. R Priddy and Dr. L. Zhang. 

The cnteria mentioned above for OLP were strictly foiiowed to ensure that cases selected as OL1 

demonstrated no dysplasia. Only those cases in which an agreement was reached on diagnoses 

between the two pathologists were used. 

8.3. Clinical Information 

The following clinical data were obtained for the cases studied: age and gender of the patients, 

anatomical location of the lesions, and tobacco usage. However, not al1 of the patients' charts 

indicated tobacco usage habits. The complete list of the cihicd information for each case is 

included in the appendii as Table 8. 

Since the objective of the shidy was to correlate the LOH with the diagnoses of the oral lesions, 

the selection of cases was primarily based on the diagnoses of the Iesions. However, OLP cases 

were purposely chosen fiom a largely non-smoking population. The rationale was that in order tc 

detemine the malignant potentiai of OLP, extraneous factors, such as the effect of tobacco, 



should be rninimized. This ensured that any LOH was due to OLP exclusively and not to the 

effects of carcinogens found in tobacco. 

The majoriq of dysplastic lesions and SCC were obtained fkom patients who used tobacco 

products. Of the 33 OLP specimens, 7 were Erom smokers, 25 fiom those with no history of 

tobacco usage, and 1 h m  a patient whose habits were unknown. Of the 29 cases of reactive 

lesions, 7 specimens were f?om smokers, 21 fiom those who did not use tobacco products, while 

the smoking habit of 1 subject was unknown. Smoking habits of patients are summarized in 

Table 5 .  

Table 5. Summary of Histological Diagnosis vs. Smoking Habits 

1 DiagnosisEIl cases 1 Smoker or Former 1 Never Smoked 1 Habit 

OLF' (33) 
I I 1 

Smoker 
7 

Hyperplasia (29) 
I I I 

Miid Dysplasia (2 1) 
I I 1 

25 

7 21 

Moderate Dysplasia (2 1) 
1 1 I 

8.4. Slide Pre~aration 

Unknown 
1 

1 

13 

Severe Dysplasia/c.i. S. (1 9) 

Squarnous Cell Carcinoma (28) 

8.4.1. Tissue Block Selection 

When a case was chosen based on the histologicai diagnosis (Le. when our two pathoIogists had 

agreed on the diagnosis), the tissue bIock for the case was removed f?om the archive, one 5 

micron thick slide was cut and stained with hematoxylin and eosin (H&E staining described 

below), and reviewed for the foiiowing features: 

4 

2 

9 11 

9 

13 

6 

1 

2 

6 

8 
- 

9 



a) The size of the specimens lefi in the tissue block. 

As this study required multiple thick sections of tissue in order to obtain a sufficient arnount of 

DNA, a reasonably large tissue specimen was required. Since oral biopsies tend to be small, a 

number of cases were disqualified for the study on the basis of insufficient size. The study was 

Limited to those cases with sufEicient tissue left in the blocks. 

b) The amount of oral mucosa lining squamous epithelium and the underlying connecrive 

tissue. 

This study required the presence of a reasonable arnount of tissues for both the squamous 

epithelium (target of the study), and the non-epithelial mesenchymal tissue (control). Those case: 

showing an apparent lack of either tissue were disqualified, such as those cases with ulceration in 

which epithelial tissue was mostly destroyed, or those cases of shallow biopsies in which there 

was M e  comective tissue. 

8.4.2. Cutting and Staininn of Slides 

For each tissue block, one slide with a 5 micron-thick section was subrnitted for H&E staining ani 

then cover-slipped for teference. Serial thick sections (12 microns thick) were cut (about 15 

slides per block) and also stained with H&E, but left uncoverslipped for later rnicrodissection. 

The H&E staining procedure is as follows: 

Hematoxvlin and Eosin (H&E Staining) 

Slides were baked at 37°C overnight in an oven, then at 60 to 65°C for 1 hour, and lefi at room 

temperature to cool. Samples were deparafiïnized by two changes of xylene for 15 minutes each 

foIlowed by dehydration in graded alcohols (100%, 95, 70% ethanol), and hydrated by rinsing in 
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tap water. Slides were then placed in Ga's Hematoxylm for 5 minutes foiiowed by rinsing in tap 

water and were then blued with 1.5% (wh) sodium bicarbonate. After rinsing in water, slides 

were lightly counterstained with eosin, dehydratad, and cleared for coverslipping. Thick sections 

to be dissected were stained by the above procedure without the dehydration step, and air dried. 

8.5. Microdissection and DNA Extraction 

A vital component of this study is the use of microdissection to isolate specific ceils in tissue 

sections for molecular analysis. This ensures that squarnous epithelial cells are separated fiom 

other cells and also ensures that squamous epitheiiai ceils taken for a given diagnosis indeed 

represent its diagnosis. It is well known that the severity of dysplastic changes fiequently varies 

&om region to region within a single section and the diagnosis of a tissue specimen is based on th 

most severe part of the lesion. Since determination of dysplasia and degree of dysplasia requires 

the expertise of a pathologist, the microdissection of the specimens were performed or supe~sec  

by Dr. L. Zhang. Areas of dysplasia, OLP, or cancer were identified using H&E stained sections 

cut fiom formalin-ked parafin-embedded tissues. Epithelial ceils in these areas were 

meticulously microdissected from adjacent non-squamous epithelium tissue or ceils under an 

inverted microscope using a 23G needle. Genomic DNA fiom normal tissue was obtained by 

dissecting out the underlying stroma in these sections and used as control DNA for the case. A 

minimum of 50 sectioned nuctei were used for each PCR reaction to prevent false LOH signais 

resuking fiom truncation of the nuclei during sectioning. 

8.6. Sam~le  Digestion and DNA Extraction 

The microdissected tissue was placed in an eppendorf tube and digested in 300 uL of 50 rnM Tris 

HCI (pH 8.0) containing 1% sodium dodecyl sulfate (SDS) proteinase K (0.5mg/mL) at 4 8 ' ~  for 

72 or more hours. During incubation, samples were spiked with 20 uL of fiesh concentrated 

proteinase K (20mg/rnL) twice daily. The DNA was then extracted three times with PC-9, a 

phenol-chlorofonn mixture, and precipitated with 100% ethanol in the presence of glycogen. The 



samples were then resuspended in LOTE, a low ionic suength Tris buffer, and submitted for 

quantitation. 

8.7. DNA Ouantitation 

M e r  DNA extraction, quantitation of DNA was performed using fluorescence analysis with the 

Picogreen kit (Molecular Probes). The method required two standard curves to be prepared using 

dilutions of a standard DNA solution mixed with the Picogreen working solution. The low 

standard curve ranged fiom 1 to 20 ng, while the high standard curve ran fiom 10 ng to 400 ng. 

Absorbance was read from a SLM 4800C spectrofluorometer (SLM Instruments Inc. Urbana, IL). 

Sample DNA concentration was then read fiom one of the standard curves depending on its 

absorbance. The sarnple DNA was then adjusted to SngIuL with LOTE buffer. 

8.8. LOH Analvsis 

Following rnicrodissection and DNA extraction, al1 sarnples were coded so that the analysis of 

LOB would be performed without knowledge of the sample diagnosis. DNA was anaiyzed for 

LOH on 3p, 9p, and 17p arms using microsatellite markers obtained from Research Genetics 

(Huntsville, AL) that mapped to the following regions: 3p14.2 (D3SI234, D3S1300), 3~25.1- 

25.3 (D3SI I IO), 9p2 1, (INFA, D9SI71, D9Sl751, D9S1748), 17p 13.1 (P53), and 17p 1 1.1 - 12 

(CHRNBI). (Our initiai studies used two prirners for each chromosomai arm: 03S1234 (flanks 

FHIT gene) and D3Sf 300 (FHIT gene) for arm 3p; D9Sf i l  and IFNA for 9p, and TP53 and 

CHRNBI for 17p). Additional primers were used for those sarnples showing non-informativity 

for the above primers, increasing the number of cases witn infirmativity and better locaiizing the 

region of loss. 

The choice of these markers was based on allelotyping studies of HNSCC (Califan0 et al 1996; 

Ah-See et al 1994) and on prelirninary studies on premalignant lesions. These markers are 

localized in regions previously shown to be fiequently lost in head and neck turnours. The 9p21 

locus has been linked to putative tumour suppressorpld, a gene that codes for a cyclin dependent 
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kinase inhibitor involved in regulation of the ceii cycle. Three regions of loss have been identifie1 

for 3p (3p 13-14.2, 3p2 1.3, and 3p25). The 3p14.2 locus in particular demonstrates elevated LO 

in head and neck SCC, as well as being associated with risk of premalignant lesions progressimg i 

SCC. The markers chosen focus on this particular area with another marker in the 3p25 telomeri 

region used as a cornparison. On chromosome 17, two markers were employed. One is located 

within thep.53 gene (P53), a tumour suppressor gene that is fiequently lost or altered in varioui 

cancers, and the other is located at 1 ?pl 1. l-p 12 (CNRNBI). Previous studies have show that 

CHRNBI is sometimes lost in the absence of an LOH at P53. The putative tumour suppressor 

gene in this region isp53, but there is some indication that a second tumour suppressor gene 

could be present in this regîon. 

Prior to amplification, T4 polynucleotide kinase (New England BioLabs) was used to end label 

100 ng of one primer from each microsatellite pair with [ y - 3 2 ~ ] - ~ ~ ~  (20 pCi, Arnersharn). PCR 

amplification was caried out in 5 pl reaction voiumes containhg 5 ng of genornic DNA, I ng of 

labeled primer; 10 ng of each unlabeled primer; 1.5 mM each of dATP, dGTP, dCTP, and dTTP; 

0.5 units of Taq DNA polyrnerase (GIBCO, BU); and PCR buffer [16.6 rnM ammonium sulfate 

67 m .  Tris (pH 8.8), 6.7 mM magnesium chioride, 10 mM B-mercaptoethanol, 6.7 mM EDTA, 

and 0.9% dimethyl suEoxide]. PCR amplification was performed for 40 cycles: denaturation at 
O 

95Oc for 30 seconds, annealing at 50-60'~ for 60 seconds, and extension at 70 C for 60 seconds 
O 

with a final extension at 70 C for 5 minutes. The PCR products were then diiuted 1 :2 in loading 

buffer and separated on an 7% urea-formarnide-polyacrylamide gels, and visudized by 

autoradiography. The films were then coded and allelic loss was scored without knowledge of 

sample diagnosis. 

8.9. Scoring of LOB and Statistical Analvsis 

For informative cases, allelic loss was scored when the signai intensity was decreased by at least 

50% as compared to its normal control counterpart fiom conneciive tissue DNA. Al1 samples 

showing LOH were repeated in an independent amplification and rescored. 



Fisher's Exact and Chi-square tests were used to compare the prevalence of chromosome loss 

between subgroups. Specifically, for a given pattern of chromosome loss, a binary outcome was 

used to indicate whether a specirnen had this pattern. These statistical tests were used to compru 

the proportions of specimens having the specific pattern of chromosome loss. The trends of LOI 

with the progression of lesions were examined using Spearman rank correlation. 



9.1. LOH at 3 ~ .  9 ~ .  and 1711 in Dvs~fasia and Cancer 

Table 6 presents frequencies of delic loss on 3p, 9p, and 17p for 33 cases of OLPs, 29 reactive 

oral lesions, 6 1 preinvasive lesions (includiig 2 1 mild epithelial dysplasias, 2 1 moderate 

dysplasias, and 19 severe dysplasias/c.i.s.), and 28 carcinomas. The data are presented as total 

aiieiic loss for each a m  as weIl as the percentage of cases showing any aiielic loss (3p, 9p, or 

17p), or loss of more than 1 of these arms. 

Table 6. LOH Results 

~ 
Diagnosis 

I I 1 I 

SCC 28 1 25/28 (89) 1 23/28 (82) 1 20f28 (71) 1 28/28 (100) 1 23/28 (82) 
Frequency of loss correlated significantly with increasing demees o f  dysplasia and promession into SCC for those Iesions 

OLP 
Reactive 
Lesions 
Mild 
Dysplasia 
Moderate 
Dysplasia 
Severe 
Dysplasial 

showing LOH at any arm @=0.0167) and LOH at >1 a& (p~.0167).- &ly mild dyqhstic lesions showed significantly 
higher number of LOH on any arm than OLP (p0.0017) and reactive Iesions w0.027). 

# of cases 

When the total aüelic loss is considered, a low fiequency of LOH was noted in the 29 non- 

33 
29 

2 1 

2 1 

premalignant reactive lesions (4129, 14%), and LOH in al1 of the 4 cases were restricted to a 

Total deiic lossrinfornative case for indicated region (%) 

I l9 I I l I I 

single chromosome aim. This loss occurred at 3 p 14.1 for 3 cases and at 9p2 1 for 1 case. 

3 P 1 9~ 

7/19(37) 

2/33 (6) 
3/26 (12) 

6/20 (30) 

611 5 (40) 

In contrast, a much higher percentage of LOH were noted in oral dysplasias and carcinomas. 

1 7 ~  1 ~ 0 ~ a t a n ~  1 LOHat>l 

LOH at either 3 chromosome arms was noted in 43% of rnild dysplasias, 57% of moderate 

c.i.s. 
12/18(67) 

013 1 (O) 
1/26 (4) 

7120 (35) 

911 7 (53) 

dysplasias, 79% of severe dysplasia/c.i.s. and 100% of SCC. The fiequency of this loss correlatei 

7/18(39) 

O133 (0) 
0129 (0) 

O120 (0) 

7/21 (33) 

15/19(79) 

aml* 
2/33 (6)* 

4/29 (14)* 

912 1 (43)" 

1212 1 (57) 

811 9 (42) 

a m *  
O133 (0) 
0129 (0) 

412 1 (19) 

8/21 (38) 



signitïcantly with increasing degrees of dysplasia and progression into carcinoma (p = 0.0 167, 

Spearman Rank Correlation). Furtliermore, LOH at multiple chromosome arms was also 

fiequently noted in orai dysplasia and carcinoma. Multiple LOHs were found in 19% of rniid 

dysptasia, 38% of moderate dysplasia, 42% of severe dysplasia/c.i.s., and 82% of carcinoma. Ti 

fiequency of this multiple loss (multiple hit) again correlated sigdicantly with increasing degree 

of dysplasia and progression into carcinoma (p = 0.0 167, Spearman Rank Correlation). 

Representative LOH in OLP, hyperplasia, mild dysptasia, and tumour lesions are shown in 

Figure 2. 

Figure 2: Representative LOH shown for various tissue types* 

OLP 

N L 
8 

* 0 
I 

When the chromosome arms are considered individually, LOH at both 3p and 9p occurred in a 

sigdcant percentage of oral mild dyspfasia (30% and 3 5% respectively) whereas LOH at 17p d 

not appear until moderate dyspIasia (Table 6). The frequency of LOH at 3p was sirnilar among 

premalignant lesions, i.e., mild dysplasia (30%), moderate dysplasia (40%), and severe 

dysp1asiak.i.s. (37%) groups. There was a sharp rise of LOH at 3p with development of SCC 

(89%). For 9p, there seemed to be a steady increase of frequency of LOH with progression of th  

Mons: 35% of mild dysplasia, 53% of moderate dysplasia, 67% of severe dysp1asiak.i.s. and 

Hyperplaisia 

N L 

1, 

9 0 

Mild Dysplasia 

N L 

* 
œ 

ik 

Tumor 

N L 

m .  
a -  

*N = DNA from normal tissue, L = DNA ïrom lesion tissue 



82% of carcinomas. For 17p, LOH was not noted in mild dysplasia, but from moderate dysplasia 

there was a steady increase in the fiequency of LOH with progression of the lesions: LOH was 

noted in 33% of moderate dysplasia, 39% of severe dysplasia/c.i.s., and 71% of carcinoma. 

9.2. LOH at 3 ~ ,  9 ~ ,  a n d l 7 ~  in OLPs and Lichecoid Dvs~Iasia 

As shown in Table 6, only 6% of OLP showed LOH, a fiequency that is even lower than that of 

the non-premalignant reactive lesions. Sirnilar to reactive lesions, the detic loss noted in OLP is 

again only present in a single chromosome am. Two cases, 38LP and 40LP, (2/33, 6%) showed 

LOH. In both cases, the loss was confined to loci at 3p 14.1. One case (40LP) dispiayed LOH ai 

0331234 and D3S1300 whiIe the other (38LP) showed loss at D3S1300 but was non-informativi 

at 0331234. The pattern of loss was teproducible in 3 independent PCR reactions. 

Clinically, both cases presented with classical features of OLP. Case 40LP, a 26 year old female, 

presented with d&se white lacy lesions of long duration on the right buccal mucosa and the ri@ 

floor of the mouth which occasionally becarne erosive. Case 38LP, a 42 year old female, had 

white lesions on both right and lefi buccal mucosal surfaces. The biopsy sites for both of these 

cases was the right buccal mucosa. 

One additional case involving a 47 year old man with a history of smoking was of interest. He 

presented clinicaiiy with multiple white oral lesions suggestive of OLP. Two concurrent biopsies 

fiom different oral sites were obtained. One biopsy showed classic OLP histotogicaiiy while the 

other showed mild lichenoid dyspIasia. For this case, fùrther LOH analysis was performed on 

other loci commonly Lost in head and neck tumours, narnely, 4q, 8p, 1 1 p, 1 1 q, 13q, 14q, and 18q 

Although no LOH was found in the OLP biopsy, multiple regions of loss were present in the 

Iichenoid dysplasia biopsy (9p, 4q, 13q, and 14q). 



9.3. LOH in Relation to Smoking 

9.3.1. LOH in OLP and Reactive Lesions in Relation to Smoking 

Of the four non-premalignant reactive lesions that demonstrated LOF& two were from smokers 

and other two specirnens were fiom patients who had never used tobacco products. Of the two 

cases of OLPs that demonstrated LOH, neither patient had a history of tobacco usage. The 

negative tobacco usage history was confirmed by telephonhg the patients. The presence of LOH 

in these 6 cases in reactive lesions and OLPs was not associated with use of tobacco products: 

LOH was found in 10% (4/41 cases) of the non-tobacco users in these two groups, and also in 

10% (212 1 cases) of the smokers. 

9.3.2. LOH in Dy lasias and SCC in Relation to Smokinq 

As shown in Table 7, for 3p and 17p, smokers showed higher fiequencies of LOH (52% and 66% 

respectively) than the non-smokers (37.5% and 43% respectively). However, the differences are 

not statistically significant. For 9p, both smokers and non-smokers showed approximately similai 

frequency of LOH (57% and 60% respectively). 

Table 7. LOH in Oral Dysplasias and SCC of Smokers vs. Non-smokers 

M e n  LOH at any chromosome arm was considered, non-smokers showed higher frequency of 

1 

Habit 
Smokers 
Non-smo kers 

LOH (82%) than the smokers (68%), but the difFerence is not statistically significant. On the 

other hand, when one looked at LOH at more than one arm, smokers showed higher frequency of 

Total aiielic loss/informative cases for indicated region (%) 

LOH (52%) than the non-smoken (27%). Again the difFerence is not significant statistically. 

3p 
23/44 (52) 
6/16 (37.5) 

9p 
24142 (57) 
6/10 (60) 

17p 
2 1/32 (66) 

317 (43) 

LOH any arm 
30144 (68) 
9/11 (82) 

' LOH >1 ann 
23/44 (52) 
3/11 (27) 



10. DISCUSSION 

10.1. LOH in Different Deprees of Oral Dvsdasia 

Premalignant lesions are those lesions that have an increased chance of cancer development as 

cornpared to their normal counterparts. The malignant potentiai of oral premalignant lesions are 

currentiy judged solely on the degree of dysplasias by examination of tissue sections stained with 

hematoxylin and eosin. According to the seventy of dysplasia present in a lesion, oral 

prernalignant lesions can be classified histologicaiiy into mild dysplasia, moderate dysplasia, seve 

dysplasia, and finally c.i.s. There are two main problems, however, with the use of dysplasia in 

predicting the malignant potential of a lesion. First, histological diagnosis and degree of dysplasi 

have a good predictive value for late preinvasive oral lesions (severe dysplasia and c.i.s.) since 

most of these lesions will progress into cancer. Their predictive value for the early prernalignant 

lesions (mild dysplasia and moderate dysplasia) is poor since most of these lesions do not progrei 

into cancer. It is conceivable that these phenotypically sirnilarly dysplastic lesions are geneticaily 

different, resulting in progression of some lesions while others do not progress. It is desired that 

genetic markers be developed so that those high risk lesions cm be identified. The second 

problern with the histological method is that this method is unreliable due to its subjective naturc 

Discrepancies in diagnoses are fiequently found between pathologists and certainly between 

difEérent medical centres. Again, the development of more objective methods in risk prediction 

for oral premalignant lesions is highly desirable. 

Recent studies of tumour progression models have s h o w  that in some tumour types there is a 

correlation between specific genetic changes and histopathological progression. The identificatio 

of aiielic losses in tumours within the context of a tumour progression mode1 has led to the 

identification of criticai putative tumour suppressor genes. Using a description of a molecular 

progression mode1 of colorectal cancer Fearon and Vogelstein et al (1990) first indicated that 



tumours progress via activation of oncogenes and the inactivation of TSGs. These genetic eventi 

produce a growth advantage for a clonai population of celis. They also postulated that specific 

genetic events may occur in a distinct order of progression during multistep carcinogenesis. 

Tumour suppressor genes play important roles in carcinogenesis and their functions must be lost 

in order for tumourigenesis to occur. Recent studies have shown that the loss of specifk regions 

of chromosomes that contain tumour suppressor genes is a common event in malignant lesions. 

Hcwever, few studies have investigated these changes in prernalignant lesions. Advanced, 

invasive neoplasms have multiple genetic changes and clonal heterogeneity which render the 

interpretation of results dficult. Without studying the premalignant lesions, the characteristic 

tempord pattern andor stage at which alterations occur during the multistep carcinogenesis 

cannot be defined. Since tumourigenesis is a sequential accumulation of genetic alterations, 

analysis of the sequential stages of premalignant lesions is very important in identGng specific 

genetic changes that are associated with the development and progression of HNSCC. The 

identification of these genetic changes in premalignant lesions may be important in cancer nsk 

prediction, management of the tesion and in understanding the mechanism of carcinogenesis. 

LOH on chromosome arms 3p, 9p, and 17p in oral/head and neck SCC are well documented. 3p 

LOH on HNSCC or oral SCC ranges fiorn 44-67% in the literature (Ah-See et al 1994; Adarnso 

er al 1994; El-Naggar et al 1995; Califano et al 1996; Nawroz et al 1994; Wu et al 1994; Ishwac 

ef al 1996). Loss on 9p is even higher, ranging from 48-73% (Field et al 1995; El-Naggar et al 

1 995; Califano er al 1996; van der Riet et al 1994; Nawroz et al 1994; Ishwad et al 1996). Few 

studies have investigated dysplastic lesions, and in these studies, the preinvasive lesions studied 

were usualIy exclusively late dysplastic lesions (severe dysplasia and c.i.s.) In one study, early 

dysplastic lesions were included; however, the results on LOH were not reported for these early 

lesions separately. Rather, the study grouped al1 the dysplastic lesions (Ernilion et al 1996). 

Information on LOH at àiierent stages of orai dysplasias was lacking, 



In this shidy, we have investigated LOH at 3p, 9p, and 17p in oral premalignant Iesions exhibitin 

diierent degrees of dysplasias and SCC. The study has, for the first the,  shown that with 

progression of oral dysplasias cornes a progressive development of LOH. The resdts have 

demonstrateci that the frequency of cases with LOH involving a single chromosome arm increase 

with increasing degrees of dysplasia and progression into SCC (Table 6). LOH on either of the 

three arms was ody present in 14% of reactive lesions, but increased with progression of the ora 

lesions and present in 43% of miId dysplasias, 57% of moderate dysplasias, 79% of severe 

dysplasia/c.i.s., and 100% of SCC. The frequency of this loss correlated significantiy with 

progression of oral lesions (p = 0.0167). Even the early dysplastic lesion, mild dysplasia, showec 

significantly higher number of LOH cases than those of OLP (p=O.O017) and reactive lesions 

(p=0.027). 

Furthermore, LOH was detected on only a single arm in reactive lesions but occurred on more 

than one chromosome (mukitiple hits) in dysplasia and cancer. Multiple chromosome loss was 

found in none of the reactive lesions but present in 19% of rnild dysplasias, 38% of moderate 

dysplasias, 42% of severe dysplasia/c.i.s., and 82% of SCC. The fiequency of this multiple loss 

(multiple hit) again correlated significantly with progression of oral lesions (p = 0.0167). 

When the chromosome arms are considered individually, LOH at both 3p and 9p occurred in a 

significant percentage of oraI mild dysplasia whereas LOH at 17p did not appear until moderate 

dysplasia (Table 6). 

The above findings are important in our understanding of the progression of ord cancer. The 

results c o h e d  our hypothesis that with progression of oral premaiignant lesions and 

transformation of premalignant lesions into carcinomas, there is a progressive loss of tumour 

suppressor genes. The results suggest that the earliest molecular events in oral cancer 

development include LOH at 3p and 9p, followed by LOH at 17p. 



The fincüngs also have important clinical implications. With rapid development of molecular 

biology techniques, the day may soon come when the premalignant potential of an oral dysplasia 

is judged not only by the degree of dysplasia, but dso by the presence of molecular changes in thf 

lesion. For example, our study showed that ody  43% of mild dysplasia and 57% of moderate 

dysplasia exhibited any LOH. It is possibie that those early premaiignant Iesions (rniId and 

moderate dysplasia) with any LOH wouId have a higher risk of malignant transformation than 

those early premaiignant lesions that do not demonstrate any delic loss. Multiple chromosome 

loss was not seen in reactive lesions, but progressiveIy uicreased with progression of the oral 

lesions. Mild and moderate dysplasia showed multiple chromosome loss at 19% and 38% of 

cases respectively. Again, it is possible that those early premalignant lesions that demonstrate 

multiple chromosome loss would have an even higher risk of progressing into carcinoma than 

those that only display single chromosome loss. Similarly, since LOH at 17p seemed to be a later 

event than LOH at 3p and 9p, it is also possibIe that early premaiignant lesions that demonstrate 

LOH at 17p would have a greater risk than those premdignant lesions which demonstrate LOH ai 

3p and 9p. 

While the fiequency of LOH at 9p and 17p seems to increase steadily with progression of oral 

lesions, the frequency of LOH at 3p was similar arnong the premaiignant lesions, but jwnped with 

transformation of premalignant lesions into carcinomas. Since there were three presumptive 

tumour suppressor gene loci within 3p, it is possible that the transformation of a premalignant 

lesion into cancer is accompanied by LOH at a dif5erent loci at 3p, although fùrther hit at the sarne 

cornmon loci, such as FHIT loci, is possible. Further study is needed to study different loci loss 

during the multistage oral carcinogenesis. 

10.2. LOH and Smoking 

As mentioned earlier, the primary objective of the study was to investigate the LOH status in 

dBerent diagnostic groups and to determine the relationship between LOH and progression of 

oral lesions to maiignancy. However, one factor, the history of tobacco usage, was anaiyzed to 

56 



see its reIationship to LOK Carcinogens, such as those in tobacco, are known to affect the 

genetic pathways of carcinogenesis, and it would be of interest to see if LOH at certain 

chromosome arms are specificaily related to use of tobacco in oral dysplasia and oral cancer. 

p53 gene mutation and p53 protein overexpression are strongly correlated with use of tobacco 

products and have been found in a high fiequency in those cancers that are strongly related to thi 

use of tobacco products, such as head and neck SCC, but in lower fiequency in those cancers 

moderately related to the use of tobacco products, such as bladder cancer, and rare in those 

cancers that are not reIated to the use of tobacco products, such as sarcomas. The loss of a 

tumour suppressor gene hnction is frequently associated with mutation of the TSG at one dlele 

and LOH at the other allele. Sincep53 gene mutation is strongIy correlated with the use of 

tobacco products, we have expected to see LOH at 17p correlating with the use of tobacco 

products, although information on allelic loss and smoking is scanty. The results of the study 

showed that dysptastic and cancer lesions of smokers had a higher fiequency of LOH at 17p 

(66%) as compared with that of non-smokers (43%). However, this merence is not statisticaiiy 

significant. Nonetheless, the lack of statisticai dBerence could have resulted fiom the smdl 

number of cases with known smoking habits in this study, and fùrther study is need to answer thc 

question. 

The FHIT gene (located at 3p) is a very new tumour suppressor gene first found in 1996 (Ohta e 

al), and its relationship to tobacco usage and its hnction remains unclear. Two other tumour 

suppressor genes are also believed to be present on 3p, but again, their identity and their 

relationship to tobacco usage remains unknown. The results fiom this study showed that LOH ai 

3p, sirnilar to LOH at 17p, was found in higher fiequency in smokers in dysplastic and cancer 

patients (52%) as compared with that of non-smokers (37.5%). Again, similar to LOH at 17p, 

the difference is not significant, although the small number of cases with known smoking history 

could have been responsible for the indifference. Further studies are needed. LOH at 9p, on the 



other hand, showed a similar fiequency among both smokers (57%) and non-smokers (60%) in 

the dysplastic and cancer lesions. 

10.3. Is Oral Lichen Planus (OLP) a Premalipnant Lesion? 

Presence of epitheliai dysplasia and the degree of the dysplasia in oral lesions, at present, are the 

most reliable parameters used in estimating malignant potential of oral premaIignant lesions. Thr 

debate about whether OLP is prernaiignant may be summarized as two theories: Theory 1, OLP 

perse has a maiignant potential, albeit smd. Theory 2, OLPper se is not prernaiignant, and 

only when it, like normal oral mucosa, becomes dysplastic (lichenoid dysplasia), should one 

consider it premalignant. Since OLP is such a common oral disease, the issue as to its 

premalignant nature is very important. Ifthe second theory is correct, professionals should then 

oniy treat lichenoid dysplasia as a premalignant lesion. 

The results of this study showed LOH in only 6% of OLP, a percentage even lower than that in 

reactive oral lesions (24%). The study used epulides, trauma-induced fibroepitheiial polyps, 

gingival hyperplasia, periodontitis, and mucocele as benign reactive lesions (negative control). 

The loss in both OLP and reactive lesions was limited to a single chromosome arm, mostly at 3p 

(5/6 cases) with 1 case at 9p. In contrast, a much higher frequency of LOH was noted in 

dysplastic and malignant lesions, and the loss frequently involved multiple ctiromosome arms. 

Even rnild dysplasia, a lesion with small malignant potential, demonstrated 43% LOH, which is 

significantly higher than that of OLP @=0.00 17). 

There were no unusual feahtres noted in the 6 cases with LOH in OLP and oral reactive lesions. 

The clinical presentation of the 2 cases of OLP with LOH was classicd for OLP. The histology 

of the 6 cases was again reviewed and no dysplasia was noted. The presence of LOH in these 6 

cases was not associated with use of tobacco products: 4 were &om patients who never used 

tobacco products (4/41 non-tobacco users in these two groups of lesions, i-e., 10%) and 2 were 



£iom smokers (US1 srnokers, Le., 10%). The 4 cases with a history of negative tobacco usage 

were c o h e d  by telephoning the patients. 

These data do not support the theory that OLP has a rnalignant potentiai. The significance of t h  

low fiequency of single delic loss at 3p or 9p found in OLP and oral reactive lesions remains a 

question. LOH at multiple arms or LOH at certain other chromosome arrns such as 17p rnay be 

more significant indicators for maiignant nsk. 

Severai other studies have also investigated LOH in orai hyperplasia or normal oral mucosa usini 

similar microsatellite markers (Califan0 d al 1996; Mao et al 1996; Roz et al 1996; Emilion et ar 

1996; El-Naggar et al 1995; van der Riet er al 1994). Two studies found no Ioss in these tissues 

(Ernilion et al 1996; El-Naggar et al 1995), while two studies reported 3 1% of LOH in oral 

hyperplastic lesions (Cidifano et al 1996; Mao et al 1996). Oral hyperplastic lesions 

(histologicaily demonstrating thickening of the squarnous epithelium) rnay be divided into two 

groups: One group consists of those lesions of obviously traumatic and inflammatory origin as 

selected in this study (eg. epulides, polyps, gingivitis, and mucoceles), and this group of lesions 

are not regarded as premalignant. The other group consists of those lesions clinically present as 

leukoplakia without obvious trauma or infiammatory etiologies, and this group rnay be included i: 

the histologicai tumour progression mode[ and rnay be the very early (pre-dysplastic) changes of 

oral carcinogenesis. This latter group should conceivably demonstrate a higher fiequency of LOI 

than the former group. The non-dysplastic hyperplastic lesions fiom Mao et al (1996) were 

leukoplakias, while those from the study by Califano et al (1996) rnay aiso contain leukoplakias. 

The dserences in the selection of oraI hyperplastic Iesions rnay have partly contributed to the 

discrepancy between Our study and the other two studies in regard to LOH fiequency. In additior 

the study by Califano et al (1996) used more microsatellite markers, which rnay also partly 

account for the higher fiequency of LOH. 



Does OLP, under the influence of oral carcinogens, undergo rnalignant transformation through th1 

dysplastic pathway just Like normal oral mucosa? Our results showed that one patient (a smoker) 

with both OLP and lichenoid dysplasia demonstrated LOH only in lichenoid dysplasia. It seems 

logical to presume that this patient onginally had only OLP (multiple lesions at different sites), 

and subsequently, one lesion, possibly under the influence of smoking, underwent dysplastic 

changes and LOH. Preliminary data fiom this lab with a small number of samples have 

demonstrated that lichenoid dysplasia contains a high fkequency of LOH, similar to oral dysplasia 

(data not shown). Further study is needed to confirm LOH in lichenoid dysplasia. If the results 

show sirnilar LOH patterns to those of oral dysplasia, it would support the hypothesis that at least 

some OLPs, similar to normal oral mucosa, undergo rnalignant transformation through the 

dysplastic pathway, and that the progression of lichenoid dysplasia is sirnilar to oral dysplasia at 

the molecular level. 

The possibility that OLP is premalignant cannot be totally ruled out, as it rnay undergo malignant 

transformation through different pathways from that of oral dysplasia. For exarnple, a recent 

study has shown that salivary gland tumours display patterns of allelic loss that dEer from many 

other tumours in the head and neck region (Johns et al 1996). Studies are currently underway in 

the lab to investigate LOH at other alleles in OLP. 

The World Health Organization defines premalignancy as "a morp hologically altered tissue in 

which cancer is more likely to occur than in its apparently normal counterpart" (Holmstrup el al 

1992). Can one still consider OLP a prernalignant lesion without support fiom genetic studies? 

Apparently, even people who strongly believe that OLP per se is not a premalignant lesion agree 

that OLP may provide a fertile soil for carcinogens to work on, since it is an inflammatory lesion 

and has higher ce11 turnover which heightens the chances of genetic errors caused by a carcinogen. 

Does this feature of 'fertile soil' qualifies OLP as a premalignancy? If this is accepted, other 

trauma -induced oral lesions, such as denture-induced epulides, and chronic idammatory lesions, 

such as periodontitis, should also be included as premalignant lesions. Apparently , t hese latter 



lesions are not regarded as prernalignancies. If OLP has an intnnsic tendency to become rnalignai 

instead of just providing a fertile soil, it should conceivably contain genetic changes that 

predispose this lesion. The rapid development of molecular biology techniques should make the 

detection of these gene changes, if they exist, possible in the near fiiture. 



Table 1. Clinical and Pathological Data 

Sample # and diagnosis 1 Sex 1 Age 1 Site 1 Tobacco use 

T3 LP M 1 3 5 1 buccal mucosa 1 srnoker 

7 LP F 

14 LP 
20 LP 
29 LP 
30 LP 
31 LP 

(years) 
3 5 

M 
F 

35 LP 
36 LP 
38 LP 
39 LP 
40 LP 

F 
F 
M 

41 LP 
42 LP 
46 LP 
47 LP 
48 LP 
49 LP 

buccal mucosa 

37 
50 

F 
M 
F 
M 
F 

50 LP 
56 LP 
70 LP 
73 LP 
74 LP 

smoker 

6 1 
45 
39 

F 
F 
M 
M 
M 
F 

75 LP 
84 LP 

buccal mucosa 
Iateral border of tongue 

50 
30 
43 
49 
26 

M 
M 
M 
M 
F 

-- 

85 LP 

no 
no 

buccai mucosa 
tongue 
tongue 

5 6 
67 
55 
47 
5 3 
5 5 

F 
F 

86 LP 
87 LP 

no 
smoker 
smoker 

gingiva 
. . 

buccal rnucosa 
buccal mucosa 
buccal mucosa 
buccal mucosa 

5 1 
46 
5 1 
47 
44 

M 

89 LP 
91 LP 
93 LP 
94 LP 

no 
no 
no 
no 
no 

buccal mucosa 
buccal rnucosa 
buccal mucosa 
p n p a  
. . 

gingiva 
buccal mucosa 

66 
67 

F 
M 

12 Mild dysplasia 
2 1Mild dysplasia 
26 Mild dysplasia 
5 1 Mild dysplasia 
55 Mild dysplasia 

no 
no 
no 
no 
no 
no 

buccal mucosa 
buccd mucosa 
buccaI mucosa 
tonme 
tongue 

7 1 buccal mucosa 

F 
F 
M 
F 

no 
no 
former smoker 
no 
N/A 

buccal mucosa 
buccal mucosa 

no 
5 8 
37 

M 
F 
M 
M 
F 

no 
smoker 

28 
47 
47 
6 1 

buccal mucosa 
buccal mucosa 

54 
50 
66 
67 
8 1 

no 
no 

facial gingiva 
buccal gingiva 

. . 

tongue 
right buccal mucosa 

no 
no 
smoker 
no 

tonsilar fauces . . 
grrigiva 

gingiva 
sofi patate 
sofi pdate 

N/A 
N/A 
smoker 
N/A 
smoker 



1 60 Mild dysplasia F 44 1 floor of mouth 1 smoker 
64 Mild dyspiasia 
88 Mdd dyspiasia 
92 Miid dysplasia 
108 Mild dysplasia 
180 Mild dysplasia 

1 188 Mild dysplasia 1 ? 79 1 floor of mouth 1 NIA 1 

184 Mild dysplasia 
186 Miid dysplasia 
187 Mild dysplasia 

M 
F 
F 
F 
M 
F 
F 
F 

19 1 Mild dysplasia 
192 Mild dysplasia 

5 2 
67 
47 
50 
3 4 

201 Mild dysplasia 
206 Miid dyspIasia 
207 Miid dyspIasia 

33 
3 1 
41 

F 
M 

209 Mild dysplasia 
22 Moderate dysplasia 
25 Moderate dysplasia 

floor of mouth 
tongue 
tongue 
floor of mouth 
buccal mucosa 

F 
M 
F 

27 Moderate dysplasia 
32 Moderate dysplasia 
34 Moderate dysplasia 

smoker 
former smo ker 
smoker 
smoker 
smoker 

buccal sulcus 
floor of mouth 
soft paiate 

5 8 
52 

M 
M 
F 

62 Moderate dysplasia 
66 Moderate dvs~hsia 

smoker 
smoker 
smoker 

52 
4 1 
66 

F 
M 
M 

71 Moderate dysplasia 
76 Moderate dysplasia 
143 Moderate dysplasia 
160 Moderate dysplasia 
163 Moderate dysplasia 
165 Moderate dysplasia 

soft paiate 
soft paiate 

44 
7 1 
5 3 

F 
M 

167 Moderate dysplasia 
168 Moderate dysplasia 
169 Moderate dysplasia 

smo ker 
NIA 

tongue 
hard palate 
buccal mucosa 

7 5 
63 
3 8 

M 
M 
M 
M 
M 
M 

176 Moderate dysplasia 
177 Moderate dysplasia 
185 Moderate dysplasia 

no 
smoker 
NIA 

tongue 
soft paiate 
tongue 

5 7 
42 

M 
F 
M 

189 Moderate dyspiasia 
190 Moderate dysplasia 
4 Severe dysplasia 

no 
pipe smoker 
smoker 

gingiva 
floor of mouth 
tongue 
tongue 1 smoker 
buccal mucosa 1 no 

5 3 
64 
6 5 
77 
37 
6 1 

M 
F 
M 

5 c.i.s. 
6 severe dysplasia 
9 severe dysplasia 

1 45 severe dysplasia F 7 1 1 tongue 1 NIA 

NIA 
smoker 
NIA 

74 
72 
09 

N/A 
M 
F 

15 severe dysplasia 
17 severe dysplasia 

tongue 
sofl paiate 
tonsil 
lip 
tongue 
tonsilar fossa 

24 
82 
5 O 

M 
F 
M 

NIA 
smoker 
smoker 
NIA 
smo ker 
smoker 

buccal mucosa 
buccal mucosa 
tongue 

43 
49 
6 5 

M 
M 

N/A 
NIA 
NIA 

soft palate 
tongue 
tonme 

58 
6 8 
42 

19 severe dvsdasia 1 M 

smoker 
smoker 
NIA 

soft palate 
tongue 
tongue 

65 
42 

NIA 
smoker 
NIA 

tongue 
floor of mouth 
sublingual mucosa 

76 

NIA 
smoker 
smoker L 

tongue 
floor of mouth 

smoker 
former smo ker 

floor of mouth smoker 



- 

58 severe dysplasia 1 M 1 55 1 floor of mouth 1 smoker 
62 severe dysplasia 1 F 1 58 1 tongue 1 former smoker 

-- 

67 ci.~. M 1 62 1 tongue 1 smoker 
79 severe dysplasia 
8 1 severe dysplasia 
83 c.i.s. 
109 severe dysplasia 
126 severe dysplasia 
164 c.i.s. 
1 SCC 
2 SCC 

- p. - - -. - 

l 
- - - -  

90 scc M r 75 1 noor of mouth 1 smoker 

65 SCC 
80 SCC 

110 SCC I F I 39 Itonme I no 

F 
N/ A 
M 
M 
M 
F 
F 
F 

F 
M 

gingiva 1 N/A 

60 
NIA 
66 
69 
61 
79 
46 - 
58 

3 SCC 
10 SCC 
43 SCC 
59 SCC 
61 SCC 

-. - - - -- - - - -- 

114 SCC 75 1 gingiva 1 smoker 

67 
29 
66 
63 
3 1 

M 
F 
M 
M 
M 

60 
77 

- -  

84 
30 

- -- - -- 

112 SCC 
113 SCC 

tongue [ N/A 

M 
F 

N/A 
tongue 
tongue 
tongue 
floor of mouth . . 
gingiva 

gtngva 
. . 

tongue 
tongue 
buccal vestibule 
tonme 
tongue 
floor of mouth 

115 SCC 
116 SCC 

N/ A 
no 
N/ A 
smoker 
no 
N/A 

- 

smoker 
no 
smoker 
smoker 
smoker 
srno ker 
NIA 

118 SCC 
123 SCC 

M 
M 

- - - 

125 SCC 
162 SCC 

- 

l 
- - -- - - 

174 scc M 37 1 tongue 1 former smoker 

gingiva 

M 
M 

166 SCC 
173 SCC 

smoker 

72 
66 

-- - - 

F 
F 

68 
63 

F 
M 

175 SCC 
196 SCC 

floor of mouth 
floor of mouth 

- -- 

74 
56 

197 SCC 
199 SCC 

N/ A 
N/ A 

gingiva 
tonme 

81 
75 

F 
F 

213 SCC 
2 1 Hwemlasia 

smoker 
smoker 

- - - -- - - - 

gingiva 
tonme 

M 
F 

101 Hyperplasia 
102 Hwemlasia 

- - - - - - - . .- - - 

no 
smoker 

tongue 
tongue 

30 
54 

F 
M 

1 03 Hyperplasia 
1 1 1 Hwemlasia 

no 
N/A 

42 
89 
70 
37 

F 
F 

127 Hyperplasia 
129 Hwemlasia 

tongue 
tonnie 

tongue 
gingiva 
tonme 41 

24 
F 
F 

130 Hyperplasia 1 M 1 37 1 smoker 

no 
N/ A 

tongue 
tonme 

N/ A 
no 
no 

gingiva 
I gingiva 
gingiva 
lip vestibule 
hard paiate 

36 
30 

M 
F 

smo ker 
N/ A 

no 
no 
smoker 
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