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Abstract. A group of 133 primary oral squamous cell 

carcinomas were studied concerning a relationship between 

exposure factors and tumour biological parameters with a 

focus on the TP 53 gene and p53 protein status. Tumours 

were evaluated using immunohistochemistry (IHC) for 

expression of p53, PCNA, Ki-67 and bcl-2 proteins. The 

TP53 gene was studied for mutations using PCR amplification 

of exons 5-9 and single strand conformation polymorphism 

(SSCP) analysis. The collected data were correlated to the 

exposure factors smoking, oral snuff, liquor, oral infections, 

dental factors, dental X-ray and iron deficiency. When 

compared with matched controls only oral infections, and 

reported HSY-infections in particular, gave statistically 

significant ORs (odds ratio) for all tumours (OR 8.0) as well 

as for the group of IHC p53 positive tumours (OR 12). No 

association between smoking and p53 positivity was found 

(OR 1.0). 

Introduction 

Tobacco and alcohol are regarded as the two most important 

risk factors for oral cancer worldwide. The incidence and 

mortality of this disease is increasing in most West European 

countries (1). This is also true in Sweden where the incidence 

is slowly increasing (2,3). In Sweden the etiological role of 

oral snuff has been much discussed and we performed a case­

control study to elucidate a possible association between oral 

moist snuff as well as other potential risk factors and oral 

cancer (4). Neither our study nor another recent Swedish 

epidemiological study (5) could, however, verify any 

association between oral snuff and oral cancer. Regarding 

smoking tobacco, our study found a much less pronounced 
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association with oral cancer compared to most other studies 

in this field. 

Molecular epidemiology is a bridge between molecular 

carcinogenesis and cancer risk assessment. The finding of 

biological markers associated with risk factors for d\fferent 

tumour diseases will hopefully both be helpful in the 

interpretation of data from conventional epidemiological 

studies and tell us more about the carcinogenic process. 

Most studies in the field of molecular cancer epidemiology 

have used p53 as a biological marker, since mutations in this 

gene have been demonstrated in about half of the cases of 

human cancers studied, and this mutation is thought to 

stimulate carcinogenesis in different ways (6,7). Squamous 

cell carcinoma of the head and neck (SSCHN) has been 

increasingly studied with regard to expression of p53, both in 

relation to clinicopathological parameters (8-11), patient 

survival (9,12), and exposure to tobacco and alcohol (9,12-15), 

but rarely with regard to other potential exposure factors. 

Furthermore, numerous studies have investigated the 

pattern of specific mutations in SCCHN (16). Mutation in 

the TP53 gene is the most common genetic alteration in 

SCCHN (17), and overexpression of the p53 protein has also 

been demonstrated in 34-80% of the tumours in different 

studies (13, 18-22). The normal p53 protein functions as 

'guardian of the genome' with the ability to stop cells with a 

DNA-damage in late G 1 phase (23). Wild-type p53 protein 

can also induce apoptosis, a process that can be blocked by 

the bcl-2 protein by diversion of p53 activity from induction 

of apoptosis to induction of growth arrest (24 ). The bcl-2 

protein, a product of the bcl-2 oncogene on chromosome 18, 

is a key factor to hamper cell loss by apoptosis and can 

inhibit most types of apoptotic cell death. The protein can be 

found in lymphomas bearing the 14;18 translocation as well 

as in certain normal tissues. 

A mutation in the TP53 gene leads to an increase in 

protein half-life facilitating immunohistochemical detection, 

but an increase in half-life can also be achieved by binding of 

wild-type p53 protein to other proteins or by disturbance in 

the degradation pathway (25). In our previous studies of 

SSCHN we have not found any relationship between either 

p53 expression or TP53 mutation and cell proliferation 

judged by in vivo incorporation of IdUrd (22,26), and no 

strict correlation between IHC detected p53 protein and 

mutation in the TP53 gene (26,27). It should, however, be 
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kept in mind that in studies using immunohistochemistry on 

paraffin-embedded samples no distinction between wild-type 

and mutant protein can be made. 

Occurrence of TP53 mutations seems to be dependent on 

epidemiological factors in the population, e.g., geographic 

origin in hepatocellular carcinoma has been shown to 

affect the mutational spectrum of the TP53 gene (6). The 

mutational spectrum in SCCHN is known to vary between 

different countries and races and may in this tumour type also 

be influenced by exogenous carcinogens such as mutagens in 

cigarette smoke (17,28-30). As for a potential association 

between TP53 gene status and dental health, including 

factors like infections and oral hygiene, nothing is so far 

known. 
The proliferating cell nuclear antigen (PCNA) exists in two 

forms in the cell. One bound to the sites of DNA replication 

and another soluble in the nucleoplasm. Formaldehyde 

fixation allows detection of both forms, consequently PCNA 

labelling in formaldehyde fixed tissue is not S-phase specific. 

PCNA has a dual function in that it is involved in DNA 

replication as well as DNA repair. Its role in DNA replication 

is as a processivity factor for the enzyme DNA polymerase o 
which is responsible for replication of chromosomal DNA. In 

in vitro repair assays PCNA seems to be involved in DNA 

excision and mismatch repair processes (31). Wild-type p53 

protein can indirectly and selectively inhibit the activity of 

PCNA in DNA replication, whereas PCNA function in 

nucleotide excision-repair is unaffected (32). 

The Ki-67 protein is a non-histone protein present in G 1, 

S, G2 and M-phases of the cell cycle but absent iri GO cells 

(33,34). Expression of Ki-67 thus provides information whether 

cells are in the cell cycle or not, whereas no information 

regarding the length of the cell cycle or whether cells are 

actively cycling is achieved. Several studies have shown a 

good correlation between Ki-67 immunoreactivity and 

indices of cell proliferation, whereas variable results concerning 

its prognostic impact have been presented. 

In a previous study we analysed the prognostic significance 

of p53, PCNA, Ki-67 and bcl-2. None of these cell proliferation 

and apoptosis associated parameters showed any clear 

influence on prognosis (35). In the present study we analysed 

exposure data from an extended group of tumours in 

correlation to these proteins as well as mutation analysis of 

TP53 on a subset of cases. Specific interest was also 

focused on infections, particulary of herpes simplex virus 

(HSY)-type. 

Materials and methods 

Material and exposure data. The exposure data in this study 

were derived from a subset of a population-based case-control 

study including all histopathologically verified squamous cell 

oral cancer cases (ICD-7 codes 140 = lip, 141 = tounge, 143 

= floor of mouth, 144 = gingiva, 145 = tonsill/mesopharynx) 

diagnosed in the four most northern counties in Sweden 

during 1980-1989 and reported to the Cancer Registry. The 

material was thus limited to tumours located in the oral 

cavity and the lip. 

The case-control study comprised 410 cases and the same 

number of controls and the main results from this study have 

been published earlier (4,36). Controls were drawn from the 

National Population Registry. The matching criteria were 

age, sex and county, and deceased controls were matched on 

year of death. For methodological details, see original study (4). 

To obtain exposure information a questionnaire was sent to 

the study subjects, and if necessary, the answers given were 

completed over the phone by a specially trained interviewer. 

The questions concerned among other things smoking, use of 

moist snuff, and alcohol exposure. An ex-smoker or ex-snuff 

user was defined as a person having quit the habit at least 

one year before the diagnosis; for controls the corresponding 

year was the year of diagnosis for the respective case. 

Alcohol use was classified as admitting liquor consumption 

but the exposure was in this study not divided according to 

quantity because of the rather small groups to analyse. The 

subjects were also asked if they had had infections in the oral 

cavity or on the lips, and if so, they were asked to describe 

the localization and type of infection, and whether the 

infection was transitory or of chronic or recurrent character. 

If necessary, the interviewer completed the description 

regarding e.g., occurrence of vesicles. However, it must be 

stressed that no serological tests or other investigations 

were performed to verify type of infection. Thus, exposure 

assessments regarding infections were, as for all other 

exposures, based on information given by the subjects 

themselves or their relatives. 

The most common type of infection seemed to be caused 

by recutTent HSY, with a history given more or less convincing 

of this diagnosis. Subjects who stated 'herpes infection' or 

who described recurrent infections with groups of vesicles 

were classified as having 'certain HSY infections', whereas 

subjects who described single infections with vesicles or 

recurrent infections of unspecified type were classified as 

'possible HSY infections'. Infections related to oral cancer 

were disregarded. Details regarding other exposure factors 

have been published elsewhere (36). 

The present investigation was performed on a subset of 

cases from the case-control study, i.e., all 133 primary oral 

squamous cell carcinomas diagnosed at the Department of 

Pathology in Umea, Sweden, with representative formalin-fixed 

and paraffin-embedded samples. 

Antibodies and staining. Five µm sections were cut from 

each block and left at room temperature overnight. For 

detection of PCNA, Ki-67, p53 and bcl-2 respectively, the 

following antibodies were used: PCIO, a mouse monoclonal 

antibody (Novacastra Laboratories Ltd., Newcastle, UK), 

recognising an epitope within aa 111-125 of the PCNA 

protein (37); MIB-1, a monoclonal antibody against Ki-67 

(BioGenex, San Ramon, CA, USA) (38); DO7, a monoclonal 

antibody (Novacastra) recognising a denaturation resistant 

epitope between amino acids l and 45 in wild-type as well as 

mutant p53 protein (39); and M0887, a monoclonal antibody 

(Dakopatts A/S, Denmark) against bcl-2. The PCNA and p53 

antibodies were diluted l :50, the Ki-67 antibody l :25 and 

the bcl-2 antibody I :70. As secondary antibody for PCNA, 

p53 and bcl-2 an alkaline phosphatase conjugated rabbit 

anti-mouse antibody (D 314; Dakopatts) was used, and for 

detection of the Ki-67 antibody a Super Sensitive Multilink 

Kit (BioGenex) was applied. For visualisation of the staining 
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reactions fast red (Sigma Chemicals Co., St. Louis, MO, 

USA) was used. Preincubation of slides in methanol was 

performed before staining with PCl0 antibody, and when 

staining with the Ki-67 and bcl-2 antibodies slides were 

pretreated in 10 mM citrate-buffer pl-I 6.0 using a microwave 

oven at full effect (900 W) for 2.5 min and at 350 W for 9 min. 

Slides were left to cool for 20-30 min and then rinsed in 

distilled water. Incubation with the primary antibodies was 

carried out at 4°C overnight. After rinsing in Tris-buffer 

slides were incubated with the secondary antibody at room 

temperature for 45 min, and with the Multi Link Kit according 

to the supplier's recommendation. Sections of oral squamous 

cell carcinoma known to express p53 protein were used as 

positive controls. Negative controls were prepared as described 

above but the primary antibody was exchanged for Tris­

buffer. 

/111111unohistoche111ica/ evaluation. For PCNA and Ki-67 

stained slides a labelling index (LI) was calculated as earlier 

described in detail (40). In brief a lOx 10 square grid comprising 

121 cross points was fitted into the eyepiece of the microscope 

using an objective lens of x40, and cells showing a distinct 

nuclear staining were counted in 5-10 randomly chosen 

fields, in most cases covering the whole tumour. The average 

LI was calculated as the percentage of positively stained 

nuclei falling in the crossing between two lines of the grid. 

Only areas with epithelial tumour tissue were examined, and 

a good concordance was found between all tumour cells 

inside the grid and those falling in the cross points. The 

immunohistochemical evaluation and calculation of ·LI was 

performed by one of the authors (K. Nylander). Control 

calculations of LI showed an intra-observer variation that 

was not statistically significant. For p53 and bcl-2, tumours 

were graded positive or negative, where tumours with only 

occasional p53 positive cells were considered negative. For 

bcl-2 the group of positive tumours was so small, that a 

proper evaluation of different Lls was not considered 

relevant. 

PCR and SSCP (single strand co11Jor111ation po/y111orphis111) 

analysis. DNA was extracted from the paraffin blocks, and 

PCR/SSCP analysis of exons 5-9 of the TP53 gene performed 

the same way as earlier described in detail (26). The results 

were then correlated to the exposure factors smoking, oral 

snuff, liquor, oral infections, dental factors, dental X-ray, and 

iron supplement. 

Statistical methods. In the univariate analysis conditional 

logistic regression was used. The calculations were performed 

using the EGRET program (Epidemiological Graphics 

Estimation and Testing package, SERC, Seattle, USA). The 

variables were expressed in categoric forms and the results 

are presented as the odds ratio (OR) and 95% confidence 

interval (CI). 

Regarding the IHC and PCR/SSCP analyses of p53, five 

different ORs were calculated for every exposure factor: all 

cases, p53 II-IC positive, p53 IHC negative, TP53 mutation 

positive, and TP53 mutation negative cases respectively. 

Regarding PCNA the subjects were subdivided into 

three equally sized groups according to the labelling index 

(LI) of this proliferation marker: PCNA (group 1): 14-47%, 

PCNA (group 2): 48-65%, PCNA (group 3): 66-93%. As a 

consequence, regarding PCNA, four ORs were calculated 

for every exposure factor; one including all matched pairs in 

the PCNA analysis (n=l06), and one for each category as 

stated above. As for PCNA, a subdivision into three equally 

sized groups was also done for the LI of the proliferation 

marker Ki-67: Ki-67 (group 1): 11-24%, Ki-67 (group 2): 

25-38%, Ki-67 (group 3): 39-60%. 

Results 

Out of the 133 matched pairs of cases and controls 19 were 

excluded due to lack of exposure data, i.e., at least one of the 

subjects within a pair refused to participate and answer the 

questions about exposure history. Thus, the analyses were 

based on 114 cases and their matched controls. In several 

subjects, however, there were one or more missing values, 

i.e., no information was given on a certain exposure factor. 

In the following, results of exposure factors of specific 

interest are presented. Several factors in relation to dental 

health have been analysed, but none of these were associated 

with any of the biological parameters studied, and therfore 

results on these factors are not shown. 

p53 analysis. Regarding p53 analysis two different methods 

were used (II-IC and PCR/SSCP) each including 114 cases. 

72 out of 114 tumours (63%) were IHC positive, and 41 out 

of 114 tumours (36%) had mutations within exons 5-9. 

Results from the II-IC analysis regarding selected exposure 

factors are presented in Table I demonstrating that infections, 

and HSY-infections as defined above in particular, gave 

statistically significant ORs for the whole group of 

tumours as well as for p53 positive tumours only. Results 

from the PCR analysis, Table II, showed statistically 

significant OR for HSY-infections in non-mutated tumours. 

However, no clear difference was detected regarding 

exposure pattern for p53 positive versus p53 negative cases 

with either method. 

Since there was a discordance between p53 protein 

expression and presence of mutation in the TP53 gene, we 

also compared the exposure patterns between subjects with 

any sign of p53 aberration, i.e. IHC and/or PCR positivity, 

and subjects lacking both p53 expression and mutation, 

Table III. In this analysis infections and specifically HSY 

infections gave statistically significant ORs for the group of 

tumours with p53 aberration shown by IHC and/or PCR. 

Only very few subjects with exposure to oral infection were, 

however, negative with both methods. 

The most common single exon mutated was exon 8, in 

total 34 cases. We also made an analysis restricted to these 

cases and their controls. Because of the rather small numbers 

in different exposure categories analysed only few ORs could 

be calculated. In these cases ORs were not significantly 

different (data not shown) from the total mutation analysis as 

presented in Tables I-III. 

PCNA analysis. Due to technical problems only 106 cases 

were included in the analysis of PCNA expression. Oral 

infection turned out to be a risk factor for cases with cancers 
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Table I. Odds ratios (OR) and 95% confidence interval (CI) for different exposure factors in relation to p53 expression 

(immunohistochemical (IHC) analysis]." 

All tumours p53-positive tumours (IHC) p53-negative tumours (IHC) 

Exposure factor OR (CI) Ca/Co OR (CI) Ca/Co OR (CI) Ca/Co 

Smoking 

Active smoker" 1.3 (0.5-2.8) 33/27 1.0 (0.3-2.7) 17/15 1.8 (0.4-6.6) 16/12 

Ex-smokerh 0.8 (0.3-1.8) 26/32 0.7 (0. 3-1. 9) 16/20 1.0 (0.2-4.0) 10/12 

Snuff user 

Active snuff user" 0.5 (0.2-1.3) 12/20 0.7 (0.2-1.9) 9/12 0.3 (0.0-1.4) 3/8 

Ex-snuff user" 1.2 (0.4-3.6) 8/6 0.9 (0.2-3.3) 5/5 3.0 (0.3-29) 3/1 

Alcohol 1.6 (0.8-3.0) 66/55 1.4 (0.6-2.9) 42/37 2.2 (0.7-6.4) 24/18 

Infections 

Total 5.2 (l.8-16) 23/6 8.0 (l.8-35) 17/3 2.5 (0.4-13) 6/3 

HSV-1 certain 3.5 (0.7-17) 7/3 5.0 (0.5-43) 5/2 2.0 (0.1-23) 2/1 

HSV-1 certain+ probable 8.0 ( 1.8-35) 17/3 12 ( 1.5-93) 13/2 4.0 (0.4-36) 4/1 

Infections NUD 2.5 (0.4-13) 6/3 4.0 (0.4-36) 4/1 1.0 (0.0-16) 2/2 

Iron supplement 0.4 (0.2-1.0) 15/26 0.4 (0.1-1.0) 9/18 0.7 (0.1-2.4) 6/8 

"Univariate analysis. Ca, cases; Co, controls; "never smokers/never snuff users used as reference. ORs arc calculated only on the complete 

matched pairs, not on the total number of cases and controls given in the table. 

Table II. Odds ratios (OR) and 95% confidence interval (CI) for different exposure factors in relation to TP53 mutation 

(PCR/SSCP analysis), all localizations (ICD 140, 141, 143-145)." 

All tumours TP53 mutation No TP53 mutation 

Exposure factor OR (CI) Ca/Co OR (Cl) Ca/Co OR (Cl) Ca/Co 

Smoking 

Active smoker" 1.3 (0.5-2.8) 33/27 1.0 (0.2-3.5) 9/8 1.5 (0.5-3.9) 24/19 

Ex-smoker" 0.8 (0.3-1.8) 26/32 0.6 (0.1-2.9) 6/8 0.9 (0.3-2.2) 20/24 

Snuff user 

Active snuff user" 0.5 (0.2-1.3) 12/20 h 2/7 0.7 (0.2-1.9) 10/13 

Ex-snuff user" 1.2 (0.4-3.6) 8/6 h 2/0 0.9 (0.3-3.0) 6/6 

Alcohol 1.6 (0.8-3.0) 66/55 1.9 (0.7-4.7) 22/16 1.5 (0.6-3.2) 44/39 

Infections 

Total 5.2 (l.8-16) 23/6 3.5 (0.7-17) 8/3 7.0 (l.5-31) 15/3 

HSV-1 certain 3.5 (0.7-17) 7/3 2.0 (0.1-23) 2/1 5.0 (0.5-43) 5/2 

HSV-1 certain+ probable 8.0 ( 1.8-35) 17/3 5.0 (0.5-43) 5/1 11 ( 1.4-86) 12/2 

Infections NUD 2.5 (0.4-13) 6/3 2.0 (0.1-23) 3/2 3.0 (0.3-29) 3/1 

Iron supplement 0.4 (0.2-1.0) 15/26 0.4 (0.1-1.5) 8/13 0.5 (0.1-1.4) 7/13 

"Univariate analysis. Ca, cases; Co, controls; hmissing value; "never smokers/never snuff users used as reference. ORs are calculated only on 

the complete matched pairs, not on the total number of cases and controls given in the table. 
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Table III. Odds ratios (OR) and 95% confidence interval (Cl) for different exposure factors in relation to positive mutation 

(PCR/SSCP analysis) and/or positive staining II-IC, and negative mutation and negative staining for p53, all localizations 

(ICD 140, 141. 143-145)." 

Any p53 aberration (IHC and/or PCR) No p53 aberration (IHC or PCR) 

Exposure factor OR (Cl) Ca/Co OR (Cl) Ca/Co 

Smoking 

Active smoker" 1.1 (0.4-2.7) 23/19 2.0 (0.3-11) 10/8 

Ex-smoker" 0.7 (0.2-1. 7) 20/26 1.4 (0.2-7 .3) 6/6 

Snuff user 

Active snuff user" 0.5 (0.2-1.4) 8/ 14 0.5 (0.0-2.8) 4/6 

Ex-snuff user" 1.1 (0.3-3.6) 6/5 2.0 (0.1-23) 2/1 

Alcohol 1.6 (0.8-3.1) 53/44 1.7 (0.3-7 .0) 13/11 

Infections 

Total 9.5 (2.2-41) 21/4 1.0 (0.1-7.1) 2/2 

HSV-1 certain 6.0 (0.7-50) 6/2 1.0 (0.0-16) 1/1 

HSV-1 certain + probable 14 (1.8-107) 15/2 2.0 (0.1-23) 2/1 

Infections NUD 5.0 (0.5-43) 6/2 h 0/1 

Iron supplement 0.4 (0.1-1.0) 12/22 0.7 (0.1-4.0) 3/4 

"Univariate analysis. Ca, cases; Co, controls; 0missing value; "never smokers/never snuff users used as reference. ORs arc calculated only on 

the complete matched pairs, not on the total number of cases and controls given in the table. 

Table IV. Odds ratios (OR) and 95% confidence interval (CI) for different exposure factors in relation to expression of 

PCNA." 

PCNA group 1-3 PCNA group l PCNA group 2 PCNA group 3 

Exposure factor OR (CI) Ca/Co OR (CI) Ca/Co OR (CI) Ca/Co OR (Cl) Ca/Co 

Smoking 

Active smoker" 1.3 (0.6-3.0) 32/26 3.2 (0.8-13) 17/10 1.7 (0.4-6.7) 11/8 0.1 (0.0-1.5) 4/8 

Ex-smoker" 0.9 (0.4-1.9) 24/29 1.6 (0.4-5.9) 12/14 0.9 (0.3-2.9) 10/12 0.3 (0.0-2.8) 2/3 

Snuff user 

Active snuff user" 0.6 (0.2-1.5) 11/17 0.5 (0.1-1.7) 5/9 0.5 (0.1-1.9) 4/7 h 

Ex-snuff user" 1.3 (0.4-4.2) 7/5 4.0 (0.4-36) 4/1 0.6 (0.1-3.0) 3/4 h 

Alcohol 1.6 (0.9-3.1) 61/50 2.2 (0.8-5.7) 28/21 2.5 (0.7-8.0) 21/15 0.7 (0.2-2.3) 12/14 

Infections 5.0 (l.7-15) 22/6 7.0 (0.8-57) 7/1 9.0 (l.l-72) 10/2 2.0 (0.3-11) 5/3 

Iron supplement 0.4 (0.1-1.0) 14/25 0.9 (0.3-2.5) 8/9 0.2 (0.0-1.8) 4/8 h 

"Univariate analysis. Group I, labelling index (LI) 14-47%; group 2, LI 48-65%; group 3, LI 66-93%. Ca, cases; Co, controls; hmissing 

value; "never smokers/never snuff users used as rcrcrcncc. ORs arc calculated only on the complete matched pairs, not on the total number 

of cases and controls given in the table. 

belonging to PCNA group l and 2, as shown in Table IV. 

Regarding smoking, it was observed that ORs decreased with 

increasing PCNA category, both for active smokers and ex­

smokers. 

Ki-67 analysis. In this IHC analysis 111 cases could be used. 

Oral infections were significantly associated only in the 

combined analysis, not in the subgroups, as demonstrated in 

Table V. Notably, there was rather an inverse trend regarding 
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Table v. Odds ratios (OR) and 95% confidence interval (Cl) for different exposure factors in relation to expression of Ki-67." 

Ki-67 group 1-3 Ki-67 group 1 Ki-67 group 2 Ki-67 group 3 

Exposure factor OR (Cl) Ca/Co OR (Cl) Ca/Co OR (CI) Ca/Co OR (CI) Ca/Co 

Smoking 

Active smoker" 1.2 (0.5-2.7) 33/27 1.1 (0.2-4.5) 13/9 1.1 (0.3-3.4) 14/12 1.4 (0.1-13) 6/6 

Ex-smoker" 0.7 (0.3-1.7) 25/32 0.4 (0.0-2.2) 8/13 0.7 (0.2-2. l) 10/13 1.5 (0.2-9.4) 7/6 

Snuff user 

Active snuff user" 0.5 (0.2-1.3) 12/20 0.5 (0.0-2.8) 4/6 0.3 (0.0-1.2) 4/11 1.3 (0.2-6.2) 4/3 

Ex-snuff user" 1.2 (0.4-3.6) 8/6 2.0 (0.1-23) 2/1 1.2 (0.2-5.3) 4/3 1.1 (0.1-8.0) 2/2 

Alcohol 1.5 (0.8-2.8) 64/55 1.7 (0.6-4.4) 24/19 1.2 (0.5-3.0) 24/22 2.0 (0.3-11) 16/14 

Infections 5.2 (l.8-16) 23/6 3.5 (0.7-17) 9/4 3.5 (0.7-17) 7/2 

Iron supplement 0.4 (0.1-1.1) 14/24 0.4 (0.1-1.7) 6/ 10 0.5 (0.1-2.0) 3/6 0.4 (0.0-2.1) 5/8 

"Univariate analysis. Group I, labelling inc.lex (LI) 11-24%,; group 2, LI 25-38%; group 3, LI 39-60%. Ca, cases; Co, controls; "missing 

value; "never smokers/never snuff users used as rci'crcncc. ORs arc calculatcc.l only on the complete matched pairs, not on the total number 

or cases anc.l controls given in the table. 

smoking between the subgroups as compared with PCNA, 

with increasing OR with increasing Ki-67 category. 

bcl-2 analysis. Only 9 cases expressed bcl-2 and this group was 

therefore not further analysed. 

Since cancer of the lip might have a different etiological 

background, e.g., exposure to UV-light, a separate analysis was 

performed. The material was divided into two groups, lip 

carcinoma and other oral cancer, but the risk patterns were 

shown to be quite comparable. 

Discussion 

In the present study we have used d,1ta from a case-control 

study on different exposure factors and oral cancer with 

the purpose to elucidate any probable connection between 

expression of p53 and different exposure factors, not only 

the generally studied smoking and alcohol habits but also 

reported oral infections, dental factors and iron deficiency. 

One factor of specific interest is the use of oral snuff, which 

is a common habit in Sweden. We also investigated the 

relation between the same exposure factors and PCNA, Ki-67 

and bcl-2, factors not earlier studied in this respect. 

For studying p53 we applied two techniques, II-IC and 

mutation analysis. We found 63% of the tumours to express 

p53 protein whereas 36% showed mutations. To explain this 

discrepancy one must remember that the antibody applicable 

on paraffin-embedded material cannot distinguish between 

wild-type and mutant protein. p53 positivity in a tumour 

could therefore be explained in 3 ways: i) the TP53 gene was 

mutated but the mutation was located outside the exons 

studied here (exons 5 .. 9), and accordingly the PCR/SSCP 

result was negative. The vast majority of p53 mutations in 

SCCHN are, however, found within exons 5-8 (6); ii) a 

defect in the degradation pathway increased the half-life for 

p53; iii) p53 was bound to another protein and retained in the 

tissue, but in an inactive state. 

This study indicates that oral infection increased the 

risk for all tumours and for the group of IHC p53 positive 

tumours. The main part of the infections responsible for 

this association seemed to be HSY-infections judged by 

the patients/relatives description of the infection. Even if 

the clinical picture of HSY-infection is very typical and 

differential diagnoses less likely, it is important to point out 

that no serological verification was done. While oral infection 

clearely is a strong risk factor in this study, HSY must be 

regarded as the most probable candidate infection. 

No clear evidence for herpes simplex virus (HSY) as a 

carcinogenic factor in head and neck carcinomas has been 

found but data so far available indicate a positive correlation 

between HSY and human oral cancer (41). Four herpes 

viruses are known to infect man and one of them, the herpes 

simplex virus (HSY), has in studies of the oral cavity in 

mouse and hamster shown co-carcinogenicity with viral 

inoculation significantly enhancing the oncogenic capacity 

of chemical carcinogens. HSY has also shown ability to 

promote the inactivation of p53 (42). 

The fact that the p53 protein can bind to other proteins 

could also explain the statistically significant OR found 

for HSY-infections in patients with p53 positive tumours, 

indicating that p53 could in some way interact with the HSY 

viral protein. It has been shown in in vitro studies that HSY 

can redistribute p53 into its replication compartments (43). 

Smoking is regarded as the most important risk factor for 

oral cancer, but the ORs in our study (4) are not in the same 

magnitude as in some other reports, mainly from North 

America and southern Europe. Furthermore, in this molecular 
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epidemiologic study based on a sample of 114 cases from 

the whole investigation, we did not see any significantly 

increased OR for smoking. Regarding correlation to p53 

expression it seems that smoking rather was inversely related 

with an OR of 1.8 and 1.5 for patients with p53 negative 

tumours using IHC and PCR technique, respectively, 

compared with 1.0 for patients with p53 positive tumours. 

This is in accordance with a British-Dutch study on lingual 

carcinoma (14), but in contrast to several other studies 

finding a correlation between smoking and p53 expression 

for head and neck cancer (12,13,15). An earlier Swedish 

study did not find either any correlation to smoking (9). 

Concerning PCNA we found decreasing ORs for smoking 

with increasing LI, whereas the opposite was found in the 

analysis of Ki-67. Accordingly there does not seem to be any 

correlation between the expression of these two factors 

among the tumours in the present study. 

The use of oral snuff did not enhance the risk for oral 

cancer in our case-control study (4). There was in this subgroup 

no clear pattern in relation to the biological markers. However, 

the snuff users were very few in this subgroup. 

Liquor consumption turned out to be a risk factor for oral 

cancer in most analyses, i.e., for the different categories of 

the biological markers studied. However, no significant ORs 

were found in the rather small material. There was no 

significant difference between p53 positive and negative 

cases regarding liquor consumption. In an earlier study on 

lingual cancer a higher OR for p53 negative tumours was found 

(14), in contrast to the results of some other investigations 

(12,15). There might be a problem of confounding between 

tobacco and alcohol, since we noted a certain co-variation 

between these two factors in our large case-control study (4). 

Regarding expression of PCNA and Ki-67 no pattern was 

seen. 
In this study the percentage of tumours expressing bcl-2 

was considerably lower (9/ 114) than in other studies. There 

are however, a few obvious differences between these 

investigations and our study. Jin et al (44) who showed bcl-2 

positivity in 19/82 tumours (23.1%) studied laryngeal 

carcinomas which are known to differ from oral carcinomas 

in many ways. In another study Gasparini et al (45), found 

37.4% bcl-2 positivity but they investigated tumours of 

clinical stage II-IV that were unresectable in contrast to our 

group of tumours comprising clinical stages I-IV. 

In conclusion, almost all cases in this study showed an 

aberration in p53 status demonstrated by at least one of two 

methods used (Table III). Interestingly, oral infections, and 

probably HSY-infection in particular, was associated with an 

increased risk for oral cancer in the p53 IHC positive group, 

but not in the group with TP53 mutation. This could imply 

that HSY infection, directly or indirectly, can inactivate p53 

function by binding of the wild-type protein. 
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