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Oral cancer, although uncommon in the Western world, accounts for up to 40% of all malignancies in 
parts of India and South East Asia. Recognised aetiological agents of oral cancer include tobacco and 
alcohol. This paper reviews the spectrum of molecular changes found in oral squamous cell 
carcinomas from Western (U.K., U.S.A., Australia) and Eastern (India, S.E. Asia) countries. ~53 
mutations are common in tumours from the West (47%) but are infrequent in the East (7%). Tumours 
from India and South East Asia are characterised by the involvement of ras oncogenes, including 
mutation, loss of heterozygosity (H-ras) and amplification (K- and N-ras), events which are 
uncommon in the West. The possibility that these genetic differences reflect aetiology and/or ethnic 
origin is discussed. Copyright @_> 1996 Elsevier Science Ltd 
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The aetiology of oral cancer, specifically cancer of the tongue 

(ICD9 141) and mouth (ICD 143-145), is well established and 
predominantly involves the use of tobacco and alcohol. The 

prevalence of the disease in different parts of the world reflects 

different forms of exposure to these aetiological agents. In 
Europe, U.S.A., Australia, China and Japan, cigarette, cigar 
and pipe smoking are the main forms of tobacco use and the 

effect of tobacco is known, not only to be dose and time 
dependent but, also, to act synergistically with the intake of 

alcohol (spirits) to multiply disease risk [ 1, 21. By contrast, in 
India, Sri Lanka, Papua New Guinea and South East Asia, 
tobacco chewing is prevalent, usually in the form of a betel 
quid that consists of the leaf of the betel vine (Piper betle) 

wrapped around areca nut, lime and tobacco; any combination 
of these constituents may be used. Spices such as cardamom, 
cloves, aniseed and turmeric, or extracts of Acacia catechu or 

A. suma, may also be incorporated for additional flavour [3]. 
Other forms of tobacco use which are also potent causes of oral 
cancer include the use of nass (an aqueous or oily mixture of 
tobacco, ash and lime), smoking of bedi (cheap cigarettes in 
which tobacco is rolled in a temburni leaf) and reverse smoking 
in which the lighted end of a cigarette or cheroot is held within 
the mouth [4]. In addition, factors such as dietary deficiencies, 
in particular vitamins A and C, iron and certain trace elements 
[5, 61, are thought to predispose to oral cancer. 

In Europe/U.S.A., approximately l”,, of all cancers are oral 
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in origin, compared to some 40”,, in parts of India and Sri 
Lanka, figures that translate to around 400,000 new cases each 
year worldwide [7]. Tumour development in Europe/U. S .A. 

is more common in males than in females but in India there is a 
more equal sex distribution [8]. Oral cancer is a disease that is 

more common with advancing age, usually demonstrating a 
sharply rising incidence rate after approximately 40-50 years 
of age; it is disturbing to note that in the West the incidence of 

oral cancer has recently started to increase [9], particularly in 

young male cohorts [lo]. 
Oral cancer is predominantly squamous cell carcinoma and, 

in the main, is a well-differentiated tumour. In India and 
South East Asia, oral carcinomas are commonly preceded by a 
premalignant lesion such as leukoplakia or erythroplasia. By 
contrast, in the West there is a much looser association 

between oral premalignant lesions and the development of 
squamous cell carcinoma; the majority of oral carcinomas arise 
in epithelium which is clinically normal and, similarly, the 
majority of leukoplakias do not form carcinomas [ 111. When 
oral carcinoma arises in Western countries, it is typically found 
in a trough formed by the lateral border of the tongue, floor of 
mouth and lingual aspect of the lower alveolus, possibly due to 
the pooling of carcinogens [12]. The tumours are usually 
endophytic and may be deeply penetrating. Oral cancer 
associated with tobacco chewing, however, develops at the site 
of application of the bolus and is thus common in the buccal 
sulcus and the buccal mucosa. These turnours, in contrast, are 
usually exophytic and may be very large at presentation. 
Treatment modalities in the West include predominantly 

surgery, radiotherapy and chemotherapy whilst, in India, 
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Table 1. Comparison of the genetic alterations detected in malignant turnours of the oral cavity from Western and Eastern countries 

WEST EAST 

Genetic aberration* Frequencyt (II ,, ) References Frequency (“,) References 

p53 mutation 
H-ras mutation 
K-ras mutation 
N-ras mutation 
EGF-R amplification 
C-myc amplification 
N-myc amplification 
L-myc amplification 

H-ras amplification 
K-ras amplification 
N-ras amplification 
LOH H-rasj 

131/275 47.6 [lP271 5168 7.3 [22, 281 
IO/162 6.1 [29-331 20157 35 [361 
O/52 0 [32-341 6190 6.6 [35, 361 
o/40 0 [32, 331 o/57 0 [361 
6196 6.2 [34, 37-401 19166 29 [421 

13/87 14.9 [37, 38, 40, 41, 43, 441 25/125 20 [45,461 
o/13 0 [401 361125 28.8 [45, 461 
o/13 0 [401 O/23 0 [451 

o/79 0 [37, 38, 40, 41, 431 O/23 0 [451 
O/18 0 [37, 401 4123 17.3 [451 
o/13 0 [401 351125 28.0 [45,461 

O/7 0 [471 7123 30.4 [451 

*Only gene mutations and amplification confirmed by DNA sequencing, SSCP or Southern analysis, respectively, were included. 
tThe occurrence of a particular genetic alteration is presented as the number of positive samples (nominator) expressed in terms of 
the total number of specimens (denominator) reported in the cited references 
ILoss of heterozygosity at the H-ras locus. 

radiotherapy is the major method of control [S]. In the West, 

there has been little or no change in 5 year relative survival 

rates for oral cancer since 1950, although localised lesions have 
a more favourable prognosis than more extensive ones, and 

survival rates tend to be better in women than men [ 131. 
This paper is not intended to be a comprehensive review of 

the molecular biology of human oral carcinogenesis, but 

summarises the spectrum of molecular changes found in oral 
squamous cell carcinomas from Europe and the U.S.A. versus 
India and South East Asia, where data is available to make 

comparisons (Table 1). Many studies have discussed “head 
and neck” cancer as a group, sometimes including such disease 

sites as lip, mouth, maxillary sinuses, pharynx, larynx, salivary 

glands and skin. Because such analyses are no more logical 
than discussing “abdominal cancer”, the data in this review is 
taken specifically from primary tumours of the tongue and oral 
cavity only; other lesions of the head and neck have been 

excluded. We are aware that other authors have noted 
differences in the frequency of TUS mutations between Eastern 

and Western populations but their findings have been reported 
anecdotally and do not include other genetic anomalies. The 
purpose of the present review, therefore, is to collate existing 
information regarding the molecular changes seen in oral 

squamous cell carcinomas from patients with diverse (East 
versus West) ethnic backgrounds. 

The most striking difference is seen in the prevalence ofp53 
mutations which are infrequent in tumours from the Indian 
subcontinent (7”,,) but are common in carcinomas from 

Europe and the U.S.A. (47”,,). The ~53 gene is an important, 
early target for mutation in oral tumour development [ 161 and 
not only occurs at multiple mucosal sites [ 18,481 but provides 
a selective advantage for the clonal expansion of preneoplastic 
and neoplastic cells [49]. The prevalence of p53 mutations 
described here (47”,, in oral cancer from the West) differs 
significantly from that reported recently (81”,,), presumably 
using a wider data base [SO]. Nevertheless, even if the data in 
the present review are an underestimate, the figures emphasize 
the marked differences that exist between East and West 
populations regarding the prevalence of p53 mutations in oral 
cancer. Thep53 gene in tumours from the West was mutated at 

a range of codons from exons 4 to 9 (Fig. 1A) and particular 
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Fig. 1. Distribution of ~53 mutations (A) and the frequency 
of transitions/transversions (B) detected in human oral 

squamous turnout-s from the Western world [14-271. 
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“hot spots” were present between codons 205 and 248. When 
the spectrum of ~53 mutations was examined in these same 

tumours, G-A, G-T, C+T and A+G mutations were 
common (Fig. lB), data that substantiates previous observa- 

tions in primary oral cancer [50]. Interestingly, different 

patterns ofp53 mutations are seen in laryngeal and pharyngeal 
primary tumours [50] which could be due to differences in 

carcinogen exposure (soluble tobacco-specific N-nitrosamines 
in oral cancers versus tobacco combustion products in 
laryngeal primaries). ~53 mutations produce a more stable 

protein than the wild-type product [51] and existing data 

indicate that some 35-54”,, of oral squamous cell carcinomas 
are positive immunocytochemically [52, 531. The prevalence 
of ~53 mutations as demonstrated by DNA sequencing and 

SSCP, therefore, is comparable to the immunocytochemical 
reactivity of oral tumours. The relationship between positive 
~53 immunoreactivity and smoking/drinking in oral carcino- 

mas from Europe, however, remains equivocal [53-551. 

In the present review, multiple genetic anomalies character- 
ised tumours from India and South East Asia with a 

preponderance of Ha-ras mutations (35”,,), loss of heterozygo- 
sity of Ha-ras (30”,,), N-ras amplification (28”,,) and N-~1yc 
amplification (29’],,) (Table 1). The multiplicity of genetic 

lesions in tumours from India has been noted previously [46]. 
It is probable that such genetic lesions, in the absence of ~53 
mutations, provide the necessary selective growth advantage 

but, also, it cannot be excluded that normal ~53 function may 
be interrupted by changes in genes that participate in p53- 

mediated pathways. Interestingly, changes in both YUS and rnyc 
are not prevalent in tumours from Europe/U.S.A. but this 

observation is necessarily limited by the paucity of data 
currently available, whether in terms of the number of samples 

examined or the fact that few studies have reported molecular 
changes in oral as distinct from “head and neck” cancer. 
Furthermore, the fact that multiple genetic lesions have not 

been described in Europe/U.S.A. may simply reflect that the 
range of such genetic anomalies has not been investigated in 

any one tumour. It is also possible that Western tumours 
contain different genetic defects. For example, amplification of 

the llq13 amplicon (approximately 20”,, of tumours; (37-40, 
43]), loss of heterozygosity and mutations in the MTSl/pl6 

gene [56] and alterations in Ha-ras expression [57] have been 

noted in Western tumours; these parameter have not been 
investigated in Eastern turnours. 

A number of factors could account for the variation in gene 

mutations between Europe/U.S.A. and India/South East 
Asia. Environmental exposure to carcinogens is clearly 

relevant and both cigarette smoke [58] and betel quid [59] 
contain a complex mixture of tumour initiators, promoters, 

complete carcinogens and cocarcinogens. Cancer susceptib- 
ility factors, such as DNA repair mechanisms and germline 
polymorphisms in genes involved in carcinogen metabolism, 
may also reflect ethnic features of populations and are likely to 
make a significant contribution to tumour development. 
However, whether Caucasians chewing betel quid would 
accumulate similar genetic defects as their Asian counterparts 
remains to be determined. Furthermore, the cellular micro- 
environment, either epithelial or stromal, may influence 
tumour progression. Tobacco chewing, for example, can lead 
to fibro-elastic changes in the underlying lamina propria and 
result in the development of submucous fibrosis, an estab- 
lished premalignant condition of oral squamous cell carcinoma 

[W. 

The molecular biology of oral cancer, and particularly the 

emerging field of molecular epidemiology, is an area necessit- 
ating further investigation. The data reported in this review 
emphasise the importance of identifying gene mutations that 

are specific to an ethnic group, and/or aetiological factors, 

before correlations are made between molecular and clinical 

characteristics of turnours. Future studies are likely to 
concentrate on the biological significance of these genetic 

alterations. 
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