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BACKGROUND: Molecular epidemiological studies have

now provided evidence that an individual susceptibility to

cancer is mediated by genetic and environmental factors.

Genetic polymorphisms have been described for en-

zymes involved in the metabolism of tobacco carcinogens

and cancer risk is determined by the degree of expression

and/or activity of enzymes involved in carcinogen acti-

vation or deactivation. The objective of this study was to

investigate the GSTM1 null polymorphism and the risk

for oral leukoplakia in individuals with tobacco-smoking

habit in a Brazilian population.

METHODS: A total of 52 tobacco-smoking patients with

oral leukoplakia and 52 tobacco-smoking controls were

recruited in a Brazilian population. The GSTM1 geno-

types were studied by polymerase chain reaction-based

methods.

RESULTS: The frequency of the GSTM1 null genotype in

the group with oral leukoplakia (57.7%) was statistically

different from the controls (34.6%; OR: 2.57, 95% CI:

1.16–5.69, P < 0.05). The stratification of the samples

according to the level of dysplasia showed increased

prevalence of GSTM1 null genotype on lesions with

moderate/severe histological dysplasia (68.2%) compared

with the control group (31.9%). This difference was

statistically significant (OR: 4.59, 95% CI: 1.29–16.33,

P < 0.05).

CONCLUSION: In conclusion, the GSTM1 null genotype

may increase the risk for oral leukoplakia development.
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Introduction

Oral leukoplakia is defined as �a chronic white mucosal
macule which cannot be characterized clinically or

pathologically as any other disease’ (1, 2). The develop-
ment of oral leukoplakia is strongly associated with
exogenous exposure to carcinogens, mainly smoking,
chewing tobacco and betel nut. The use of tobacco is the
most important, and has been present in 80% of the
cases (3, 4). Oral leukoplakia shows predilection for man
(70%), generally up to 40 years old (5) and may occur
as a single or multiple lesion (6). Histologically, the
leukoplakia may show mild, moderate or severe dyspla-
sia (6, 7). Although the presence of nodular, verrucous
or erythroplastic, or severe dysplasia may relate to
increased risk for malignant transformation, these
markers are not useful in individual cases. The annual
transformation rate of oral leukoplakia seems not to
exceed 1% (8).

Molecular epidemiological studies have now provided
evidence that an individual susceptibility to cancer is
mediated by genetic and environmental factors (9).
Numerous carcinogenic components present in the
tobacco smoking require metabolic activation by phase
I enzymes (e.g. cytochrome P450 oxidases-like CYP1A1
and CYP2E1) or deactivation by phase II enzymes (e.g.
glutathione S-transferase, GST). GSTs are a supergene
family coding for five multigene enzyme groups referred
to as l or M, h or T, p, a and j, which conjugate
glutathione to genotoxic eletrophiles such as polycyclic
aromatic hydrocarbons, epoxybutanes, ethylene oxide
and halomethanes. GST-conjugated compounds are
generally rendered hydrophilic and non-toxic, and are
easily excreted (10, 11).

Genetic polymorphisms have been described for
enzymes involved in the metabolism of tobacco carcino-
gens and cancer risk is determined by the degree of
expression and/or activity of enzymes involved in
carcinogen activation or deactivation (11). The GSTM1
null polymorphism results in a loss of expression,
resulting in decreased ability to detoxify GST-l-conju-
gated carcinogens (12). Considering that tobacco is the
main aetiological factor in oral cancer and that oral
leukoplakia is the most prevalent potentially malignant
lesion, together with the fact that GSTM1 polymorph-
ism increases the risk for oral squamous cell carcinoma
(13), the purpose of this study was to investigate the
GSTM1 null polymorphism and the risk for oral
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leukoplakia in individuals with tobacco-smoking habit
in a Brazilian population.

Materials and methods
Subjects and sample collection
Fifty-two smokers patients (mean age ¼ 47.9 years;
range: 25–87) with oral leukoplakia and 52 healthy
smokers volunteers (mean age ¼ 48.6 years; range: 29–
81) were included in the study. The criteria for the
diagnosis of oral leukoplakia were previously reported
(2). All subjects were selected at the Dental Clinics of
the School of Dentistry and were of the same
geographical region as well as socio-economic status.
The sex and age of both groups were matched. All
subjects had smoked at least 10 cigarettes per day over
a period of 20 years. There were 31 males (59.6%) and
21 (40.4%) females in the patient’s group. Ethnicity
was not established as the hazards of judging Brazil-
ians by colour, race and geographical origin (14). The
lesions located at the floor of the mouth, tongue and
soft palate were grouped together as high-risk site
group, while all the oral sites were included in the
group of low-risk site. The grade of epithelial dysplasia
was established as described elsewhere (15). The
histopathological features of epithelial dysplasia con-
sidered were loss of polarity of the basal cells, presence
of more than one layer of cells having a basaloid
appearance, increased nuclear-cytoplasmic ration,
drop-shaped rete process, irregular epithelial stratifica-
tion, increased number of mitotic figures, presence of
mitotic figures in the superficial half of the epithelium,
cellular pleomorphism, nuclear hyperchromatism, en-
larged nucleoli, reduction of cellular cohesion and
diskeratosis (6). Local ethical committee approved the
study protocol, and informed consent was obtained
from all patients.

Oral swabs were taken from each subject. The
procedure was performed on the contralateral intact
mucosa of the patients with oral leukoplakia. The
swabs from the control subjects were collected from
their labial mucosa. The swabs were performed with
sterile plastic tips and placed immediately in Eppendorf
microtubes contain 500 ll of Krebs buffer (NaCl 20%,
KCl 2%, CaCl2Æ2H2O 2%, MgSO4, KH2PO4, C6H12O6).

The pellet obtained after 10 min of centrifugation at
17 900 g was stored at )20�C until processing. The
DNA extraction was carried out as described by Boom
et al. (16).

Polymerase chain reaction
The GSTM1 genotypes were studied by polymerase
chain reaction as described previously (17). The ampli-
fication was performed in a final volume of 25 ll
containing 5 ll of genomic DNA, 0.75 mM MgCl2,
40 mM KCl, 10 mM Tris-HCl (pH 8.4), 0.1% Triton X-
100, 11.4 ll H2O, 2.5 ll dNTPs and 2.5 U Taq DNA
polymerase. Samples were subjected to 5 min at 94�C,
followed by 35 cycles of amplification at 95�C for 30 s,
64�C for 1 min and 72�C for 1 min. The run was
terminated by a 7 min elongation step at 72�C. A
negative control reaction without DNA and samples
with known GSTM1 genotype were always used. The
reaction produced a 220 bp product. Amplification of
the b-globin gene was used as an internal control. All
samples were amplified using a DNA thermal cycler
(Programmable Thermal Controller, PTC). The product
was analysed in a 6.5% polyacrylamide gel electrophor-
esis followed by silver stain.

Statistical analysis
Statistical analysis was performed by chi-square and
Fisher’s exact tests; and significance was set at P-value
of <0.05.

Results

The frequencies of the GSTM1 genotypes between cases
and controls are shown in Table 1. Individual homozy-
gous for the wild-type GSTM1 (+/+) and heterozygous
(+/0) were grouped together. The frequency of the
GSTM1 null genotype in the group with oral leuko-
plakia (57.7%) was statistically different from the
controls [34.6%; odds ratio (OR): 2.57, 95% CI: 1.16–
5.69, P < 0.05]. When the groups were stratified
according to the gender and site of occurrence, no
statistical difference was observed. However, the strati-
fication of the samples according to the level of
dysplasia showed increased prevalence of GSTM1 null
genotype on lesions with moderate/severe histological

Table 1 Glutathione S-transferase (GSTM1) genotypes in oral leukoplakia patients and controls

n

GSTM1 genotype

v2 P-valuea OR (95% CI)0/0 (%) +/0 or +/+ (%)

Control 52 18 (34.6) 34 (65.4)
Oral leukoplakia 52 30 (57.7) 22 (42.3) 5.57 <0.05 2.57 (1.16–5.69)
Grade of displasia
Absent/mild 30 15 (50.0) 15 (50.0) – n.s. –
Moderate/severe 22 15 (68.2) 7 (31.8) 5.81 <0.05 4.59 (1.29–16.33)

Location
High risk 9 5 (55.6) 4 (44.4) – n.s. –
Low risk 43 25 (58.1) 18 (41.9) – n.s. –

aVs. control.
an.s., not significant; 0/0, GSTM1 null; +/0, GSTM1 heterozygous; +/+, GSTM1 wild-type homozygous; CI, confidence interval; OR, odds ratio.
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dysplasia (68.2%) compared with the control group
(31.9%). This difference was statistically significant
(OR: 4.59, 95% CI: 1.29–16.33, P < 0.05).

Discussion

Epidemiological studies have demonstrated a significant
influence of tobacco and alcohol consumption on the
risk for oral cancer. Oral leukoplakia is the most
common potentially malignant lesion of the oral mu-
cosa. Although tobacco use is related to oral leuko-
plakia, alcohol consumption has not a significant
association with it (18). Because exposure to chemical
carcinogens acts as an important mechanism of oral
cancer development, the investigation of genetic poly-
morphisms of drug-metabolizing enzymes and cancer
susceptibility is of significant interest.
GSTM enzymes may offer protection against DNA

damage induced by free radicals and metabolites of
polycyclic aromatic hydrocarbons (19). The lack of the
GSTM1 activity is a result of a homozygous deletion
(null genotype) of the GSTM1 gene. The null geno-
type results in a loss of expression, resulting in
decreased ability to detoxify GST-l-conjugated car-
cinogens (11). The GSTM1 null genotypes (0/0)
polymorphism has been linked to increased suscepti-
bility to oral squamous cell carcinoma development
(13, 17, 20, 21). In addition, this polymorphism seems
to be a risk factor for developing multiple primary
neoplasms in the upper aerodigestive tract (22). In the
present study, a positive association between the
GSTM1 null genotype and oral leukoplakia in Brazil-
ian subjects was observed. This polymorphism was
also demonstrated to be a risk factor for developing
oral leukoplakia in ethnic Indian betel quid/tobacco
chewers (23).
In our study, the frequencies of female or male

patients in the case group who were null for the
GSTM1 genotype was not statistically different from
the female or male control group respectively. No
statistical difference was also observed when the
samples were stratified by the location of the lesion.
These results may be due to the low number of subjects
after segregation. The presence of the GSTM null
genotype increased the risk factor to lesions showing
histological moderate/severe dysplasia. We may specu-
late that the lack of GSTM1 activity would make the
oral tissues more susceptible to the action of tobacco
carcinogens and to the development of a high-grade
level of dysplasia. Longitudinal studies evaluating the
impact of this polymorphism on malignant transfor-
mation of oral leukoplakia would be of interest and
could be an interesting tool for targeting patients with
oral leukoplakia at particular risk for future cancerous
lesion.
In conclusion, the present study shows a positive

association between the presence of GSTM1 null geno-
type and the development of oral leukoplakia. Indeed,
this association varies in accordance with the histolog-
ical grade of dysplasia.
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