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ABSTRACT. Polymorphisms in genes encoding xenobiotic-metaboli-
zing enzymes might explain differences in the susceptibility to upper
aerodigestive tract (UADT) cancers in individuals exposed to tobacco or
other carcinogens. The present study aimed to evaluate the association
of polymorphisms in the glutathione S-transferase (GST) candidate
genes GSTM 1, GSTT1, and GSTP1 with the risk of UADT cancers. GST
gene polymorphisms were determined in 116 individuals with UADT
cancer and 224 healthy controls using polymerase chain reaction-based
methods. The GSTT/-null polymorphism was found to be a protective
factor for UADT cancer [(odds ratio (OR) = 0.5, 95% confidence interval
(CI) = 0.27-0.93)], although this association was not confirmed when
adjusted for gender, age, smoking, alcoholism, and self-reported skin
color in the multivariate logistic regression model (OR = 0.61, 95%CI
= 0.29-1.28). The combined effect of GSTTI-positive genotypes with
either the GSTPI wild-type genotype (Ile/Ile) or the GSTPI variant
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genotypes (Ile/Val or Val/Val) increased the risk for UADT cancer
(OR =4.34, 95%CI = 1.06-17.78 and OR = 4.55, 95%CI = 1.12-18.42,
respectively). A significant interaction was observed among moderate
smokers carrying the GSTTI-positive genotype. In this population,
the significant gene-gene and gene-environment interactions of GST
polymorphisms may confer a substantial risk to UADT cancers.

Key words: Upper aerodigestive tract cancers; GST polymorphism;
Smoking; Epidemiology

INTRODUCTION

Upper aerodigestive tract (UADT) cancers correspond to tumors on the oral cavity,
larynx, and pharynx. These tumors represent the eighth most common cause of cancer-related
deaths worldwide, accounting for 5% of all new cancers diagnosed (Choong and Vokes, 2008).

The main risk factors for this type of malignancy are smoking and alcohol consump-
tion, which act both independently and synergistically in increasing the risk (Boffetta and
Hashibe, 2006). Cigarette smoke contains dozens of carcinogens (Hoffmann et al., 1997), and
alcohol, in addition to inducing direct DNA damage, acts mainly by facilitating the penetration
of tobacco carcinogens into the mucosa of the UADT (Boffetta and Hashibe, 2006). However,
although smoking is an important risk factor for cancer, only 20% of smokers develop UADT
cancers (Hirvonen, 1995). Thus, host-related factors must play an important role in cancer
susceptibility. Among these, polymorphisms in genes encoding xenobiotic metabolizing en-
zymes might explain differences in the susceptibility to UADT cancer in individuals exposed
to tobacco or other carcinogens.

One of the most important detoxification systems is represented by enzymes of the glu-
tathione S-transferase (GST) family, which catalyze the conjugation of glutathione with a variety
of electrophilic compounds, including environmental carcinogens, cytotoxic drugs, and endog-
enous products derived from oxidative metabolism (Board et al., 2000). Four major polymorphic
protein families of GSTs were identified in humans: o (GS7A) on chromosome 6, 1 (GSTM)
on chromosome 1, 0 (GSTT) on chromosome 22, and ©n (GSTP) on chromosome 11 (Strange
et al., 2001). Regarding UADT cancers, GSTs may be of particular importance because they
are expressed in the squamous mucosa of the UADT (Chen and Lin, 1997). In addition, they
are responsible for the biotransformation of many xenobiotics contained in cigarette smoke, as
benzo(a)pyrene, acrolein, and 4-aminobiphenyl (Olshan et al., 2000). Furthermore, a greater
amount of micronuclei and DNA adducts were observed among smoker carriers of genotypes
that confer a deficiency in GST activity (Lodovici et al., 2004; Palma et al., 2007).

Polymorphisms of complete deletion were described for the genes GSTT1 and GSTM 1
(alleles GSTTI null and GSTM1 null, respectively) resulting in a total loss of protein expres-
sion in homozygous individuals (Hayes et al., 2005). Three different alleles of GSTPI were
described: GSTPI*A (the wild-type allele), GSTPI*B, and GSTPI*C. The variant GSTP/*B
is a single nucleotide polymorphism (SNP) resulting from an A—G transition at nucleotide
+313 of exon 5, changing codon 105 from ATC (Ile) to GTC (Val) (Board et al., 1990). Codon
105 comprises part of the active site of the enzyme for the binding of hydrophobic substrates
(site H), and the substitution Ile105—Val at variant GSTPI*B affects the substrate-specific
catalytic activity and thermal stability of the encoded protein (Johansson et al., 1998).
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In this sense, it is reasonable to suppose that an interaction between different GST
polymorphisms and environmental risk factors would modulate the susceptibility to the de-
velopment of UADT cancers. Therefore, this study investigated the association between poly-
morphisms of the genes GSTM 1, GSTT1, and GSTP! and the risk of UADT cancers, as well
as potential gene-gene and gene-environment interactions. In addition, this study represents
the first report of the association between GST polymorphisms and risk of UADT cancers in a
population of northeastern Brazil with a high degree of genetic admixture.

MATERIAL AND METHODS
Subjects

The cases (100 males and 16 females) were recruited at the High Complexity Oncology
Center in the county of Itabuna and at the Oncology Clinic at Ilhéus, which are both located in
the State of Bahia, Brazil, from February 2008 to August 2009. Healthy controls (193 men and
31 women), hospital-based (N = 41) and from the general population (N = 183), were recruited
from the same region as the cases, and were matched for age, gender, and self-reported skin
color. Demographic information on lifestyle and dietary habits were obtained from a socio-
economic questionnaire applied to both groups. Subjects who reported consuming at least one
cigarette per day for a minimum period of one year were reported as smokers. Pack-years cal-
culations were performed by multiplying the number of packs of cigarettes smoked per day by
the total exposure time in years. According to this criterion, cases and controls were categorized
as never smokers (pack-years = 0), moderate smokers (< 20 pack-years), and heavy smokers
(pack-years >20). Regarding alcohol intake, individuals who reported drinking alcohol at a fre-
quency of twice a week for more than a minimum of 1 year were considered drinkers. Approxi-
mately 3 mL peripheral blood was collected from each subject enrolled in the study for DNA
extraction. The study was approved by the Ethics Committees of participating institutions.

Genotyping of GSTM1 and GSTTI

The genes GSTM1 and GSTT1 were amplified in a multiplex polymerase chain reac-
tion (PCR) using the B-globin gene as an internal control of the reaction, as previously de-
scribed (Gattas et al., 2006). The null genotypes for GSTT1 and GSTM I were identified by the
absence of amplification products of 480 and 215 bp, respectively.

Genotyping of GSTPI by PCR-restriction fragment length polymorphism (RFLP)
PCR amplification and genotyping of the RFLP Bsmal of GSTP1 was performed as de-

scribed previously (Leichsenring et al., 2006). The digestion products were electrophoresed on

3.0% agarose gel. The action of the enzyme Bsmal can generate three distinct digestion patterns:

one band of 176 bp covering the wild allele (Ile), two bands of 91 and 85 bp for the mutant allele
(Val), and three bands of 176, 91, and 85 bp in the case of heterozygous individuals (Ile/Val).

Statistical analysis

To assess differences in genotypic and allelic frequencies between cases and controls,
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homogeneity tests using the y? statistic were performed. The Fisher exact test was applied for
the same purpose when the expected value for a cell of the contingency table was less than
5. Odds ratios (ORs) with 95% confidence intervals (CI) were calculated to estimate the risk
of UADT cancer associated with the different genetic and environmental factors evaluated. A
conditional logistic regression model was applied to assess the risk of UADT cancer attributed
to GST polymorphisms after adjusting for other variables of interest. The genotypic frequen-
cies observed for the GSTPI gene were tested for Hardy-Weinberg equilibrium (HWE) among
cases and controls. Analysis of gene-environment interactions were conducted from stratified
variables (genotype x smoking) that were introduced in logistic regression models with other
selected variables. To test the significance of observed interactions, we applied a likelihood
ratio test using the y? distribution. The Mann-Whitney U-test was applied to variables not
normally distributed based on the Kolmogorov-Smirnov test. All statistical analyses were per-
formed with the statistical package SPSS version 10.0 (SPSS; Chicago, IL, USA) adopting a
significance level of 5% (o = 0.05).

RESULTS

The general characteristics of cases and controls are summarized in Table 1. There
were no differences between groups in age, gender, and self-reported skin color. Alcohol in-
take resulted in a 4.21-fold increased risk of developing UADT cancers (95%CI = 2.52-7.05,
P <0.001). Tobacco smokers showed a 19.9-fold increased risk of UADT cancers (95%CI =
8.39-47.18, P < 0.001). The combined analysis of exposure to smoking and alcohol consump-
tion revealed an interaction between these factors in increasing the risk to UADT cancer (OR
=23.37, 95%CI = 8.94-61.06, P < 0.001).

Table 1. Descriptive characteristics of upper aerodigestive tract (UADT) cancer cases and controls and risk for
UADT cancer associated with tobacco and alcohol consumption.

Variable Cases (N =116) Controls (N = 224) OR (95%CI) P value
Gender [N (%)] - -

Male 100 (86.2) 193 (86.2)

Female 16 (13.8) 31(13.8)

Males + female 116 224

Age (mean + SD) 60.9 +12.5 582+11.9 - 0.053*
Skin color [N (%)]

Male 100 193 - -

White 14 (14.0) 27 (14.0)

Non-white 86 (86.0) 166 (86.0)

Female 16 31 - -

White 3(18.8) 6(19.4)

Non-white 13 (81.2) 25 (80.6)
Drinking status [N (%)]

Never 27 (23.3) 110 (56.1) 1

Ever 89 (76.7) 86 (43.9) 4.21 (2.52-7.05) <0.001
Smoking status [N (%)]

Never 6(5.2) 114 (52.1) 1

Ever 110 (94.8) 105 (47.9) 19.90 (8.39-47.18) <0.001
Smoking/drinking status [N (%)]

Never/never 5(4.3) 81 (41.3) 1

Ever/never 22 (19.0) 29 (14.8) 12.29 (4.26-35.46) <0.001

Never/ever 1(0.9) 25(12.8) 0.65 (0.07-5.81) 1

Ever/ever 88 (75.8) 61 (31.1) 23.37 (8.94-61.06) <0.001

OR = odds ratio; 95%CI = 95% confidence interval. *Student z-test.
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The genotype frequencies of GSTT1, GSTM1, and GSTPI among cases and controls
are described in Table 2. The frequency of the GSTM-null genotype was higher among cases
than among controls (44.8 vs 39.7%, respectively), and there was no increased UADT cancer
risk associated to this genotype (OR =1.23; 95%CI = 0.78-1.94, P = 0.366).

Table 2. Distribution of GSTM1, GSTT1 and GSTP! genotypes among UADT cancer patients and controls.

Genotype Cases N (%) Controls N (%) OR (95%CI) P value OR* (95%CI) P value
GSTM1

Positive 64 (55.2) 135 (60.3) 1

Null 52 (44.8) 89 (39.7) 1.23 (0.78-1.94) 0.366 1.36 (0.78-2.37) 0.282
GSTT1

Positive 100 (86.2) 170 (75.9) 1

Null 16 (13.8) 54(24.1) 0.50 (0.27-0.93) 0.026 0.61 (0.29-1.28) 0.193
GSTP1

Tle/Tle 49 (42.2) 102 (47.0) 1

Ile/Val 51 (44.0) 94 (43.3) 1.13 (0.70-1.82) 0.621 1.2 (0.50-2.81) 0.695

Val/Val 16 (13.8) 21(9.7) 1.58 (0.76-3.30) 0.216 0.93 (0.39-2.20) 0.875

Ile/Val or Val/Val 67 (57.8) 115 (53.0) 1.21 (0.77-1.90) 0.405 1.25(0.71-2.20) 0.431

Ile 149 (64.2) 298 (68.7) 1

Val 83 (35.8) 136 (31.3) 1.22 (0.87-1.70) 0.245

OR = odds ratio; 95%CI = 95% confidence interval. “Adjusted in multivariate logistic regression models including
age, gender, skin color, smoking status, and consumption of alcohol. UADT = upper aerodigestive tract.

The GSTTI null frequency was higher among controls (24.1%) compared to cases
(13.8%), resulting in a protective effect associated with this genotype (OR = 0.50, 95%CI =
0.27-0.93, P =0.026). However, when adjusted for age, gender, skin color, smoking, and alco-
hol consumption, this association was no longer statistically significant (adjusted OR = 0.61,
95%CI =0.29-1.28, P =0.193).

For the GSTP1 gene, the genotype frequencies did not differ between groups. Cases
and controls did not differ for genotypes of GSTPI when the dominant genetic model was
adopted (non-adjusted OR = 1.21, 95%CI = 0.77-1.90, P = 0.405). Genotype frequencies of
GSTP1 were found to be in HWE in both cases and controls (P = 0.997 and P = 1.0, respec-
tively) enabling the use of a multiplicative genetic model. In addition, in this case there were
no significant differences for GSTP/ allele frequencies between groups (OR = 1.22, 95%CI =
0.87-1.70, P = 0.245).

Gene-gene interaction analyses and its association with UADT cancer risk were also
performed, and the results are shown in Table 3. Considering the combination of the GSTM -
positive genotype with the GSTT/-null genotype as a reference group, we observed a more
than 2-fold risk associated to the GSTM-null and GSTTI-positive genotype combination (OR
= 2.54; 95%CI = 1.06-6.05, P = 0.032). However, this difference was not statistically sig-
nificant when adjusted using the multivariate logistic regression model (OR = 2.45; 95%CI =
0.88-6.79, P =0.084).

Considering the GSTT null and GSTP 1le/lle as a reference group, the combinations
of GSTT1 positive with either variant GSTP! (Ile/Val or Val/Val) or GSTP! lle/lle were as-
sociated with a risk factor for UADT cancers (OR = 4.54; 95%CI = 1.3-15.87, P=0.011 and
OR =4.16, 95%CI = 1.20-14.28, P = 0.017, respectively). These results remained statistically
significant when adjusted by the multivariate logistic regression model (OR =4.55, 95%CI =
1.12-18.42, P=0.034 and OR =4.34, 95%CI = 1.06-17.78, P = 0.041, respectively).
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Table 3. Combined effects of GSTM1, GSTTI and GSTPI genotypes in UADT cancer risk.
Multilocus genotype Cases [N (%)] Controls [N (%)] OR (95%CI) P value OR* (95%CI) P value
GSTM1 and GSTT1
Positive/null 8(6.9) 30(13.4) 1 1
Null/positive 44 (37.9) 65 (29.0) 2.54 (1.06-6.05) 0.032 2.45 (0.88-6.79) 0.084
Null/null 8(6.9) 24 (10.7) 1.25(0.41-3.81) 0.695 1.60 (0.42-6.11) 0.490
Positive/positive 56 (48.3) 105 (46.9) 2.00 (0.86-4.76) 0.103  1.81(0.67-4.85) 0237
GSTM1 and GSTP1
Positive and Lle/Ile 30 (25.9) 69 (31.8) 1 1
Null and Ile/Ile 19 (16.4) 33(15.2) 1.32 (0.65-2.70) 0.437 1.29 (0.55-3.05) 0.557
Positive and Ile/Val or Val/Val 34 (29.3) 61 (28.1) 1.28 (0.70-2.33) 0.417 1.18 (0.58-2.42) 0.640
Null and Ile/Val or Val/Val 33 (28.4) 54 (24.9) 1.4 (0.76-2.60) 0.273 1.64 (0.77-3.47) 0.194
GSTT! and GSTP1
Null and Tle/Ile 3(2.6) 22 (10.1) 1 1
Positive and Ile/Val or Val/Val 54 (46.6) 87 (40.1) 4.54(1.13-15.87) 0011  4.55(1.12-18.42)  0.034
Null and Ile/Val or Val/Val 13(11.2) 28 (12.9) 3.40 (0.86-13.15) 0.07 4.50 (0.94-21.61) 0.060
Positive and Ile/Ile 46 (39.7) 80 (36.9) 4.16 (1.20-14.28) 0.017 4.34 (1.06-17.78) 0.041

OR = odds ratio; 95%CI = 95% confidence interval. *Adjusted OR in multivariate logistic regression models
including age, gender, skin color, smoking status, and consumption of alcohol. UADT = upper aerodigestive tract.

The results of the interaction analysis between smoking and different GST genotypes
are shown in Table 4. The interaction between the GSTM null genotype and smoking resulted
in an increased UADT cancer risk among moderate and heavy smokers. However, these inter-
actions were not significant according to the likelihood ratio test (P =0.078 and P = 0.390, re-
spectively). We observed a significant interaction between GSTT1 and moderate smoking (<20
pack-years). For carriers of the GSTT/-null genotype, the OR was 2.4 (95%CI = 0.38-14.81),
whereas for those with the GSTTI-positive genotype, the OR was 13.28 (95%CI = 4.03-41.0).
This difference was statistically significant based on the likelihood ratio test (P=0.012). There
was no significant interaction between the GSTP/ gene and tobacco use.

Table 4. Distribution of GST genotypes on the basis of tobacco consumption among upper aerodigestive tract
(UADT) cancer patients and controls.

Pack-years GSTM1 positive GSTM1 null
Cases Controls OR* (95%CI) P Cases Controls OR* (95%CT) P
0 4(4.2) 69 (34.2) 1 - 2(2.1) 45(22.3) 0.81 (0.14-4.72) 0.817
<20 16 (16.8) 32(15.8) 7.86 (2.25-27.52) 0.001 18 (18.9) 22(10.9) 16.41 (4.46-60.40)  <0.001
>20 31 (32.6) 22 (10.9) 19.35(5.53-67.71) <0.001 24(253) 12(59) 29.86 (7.85-113. 60) <0.001
GSTTI positive GSTTI null
Cases Controls OR® (95%CTI) P Cases Controls OR® (95%CTI) P
0 5(5.3) 84 (41.6) 1 - 1(1.1) 30 (14.9) 0.62 (0.07-5.66) 0.674
<20 32(33.7) 41 (20.3) 13.28 (4.30-41.0) <0.001 2(2.1) 13 (6.4) 2.40 (0.38-14.81) 0.349
>20 46 (48.4) 29 (14.4) 22.16 (7.07-69.42) <0.001 9(9.5) 5(2.5) 22.55(4.78-106.31)  <0.001
GSTPI 1le/Ile GSTP1 1le/Val or Val/Val
Cases Controls OR® (95%CTI) P Cases Controls OR® (95%CI) P
0 2(2.1) 52(26.5) 1 - 4(4.2) 59 (30.1) 1.19 (0.33-11.04) 0.47
<20 19 (20.0) 26 (13.3) 17.11 (3.45-84.86) 0.001 15(15.8) 26(13.3)  16.67 (3.28-84.61) 0.001
>20 20 (21.1) 13 (6.6) 31.04 (5.95-161.90)  <0.001 35(36.8) 20(10.2) 38.91(7.81-193.90) <0.001

Cases and controls are reported as number with percentage in parentheses. *Adjusted OR in multivariate logistic
regression models including age, gender, skin color, smoking status, and consumption of alcohol.
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DISCUSSION

The population frequencies of some polymorphisms of GS7s show variations among
different ethnic groups. The frequency of the GSTM-null genotype, for instance, varies from
42 to 60% among Caucasians and from 16 to 36% among Africans (Garte et al., 2001). In-
terestingly, some studies have shown a relationship between cancer incidence and ethnicity
(Brawley, 2003). In the North American population, for example, there is a higher incidence
and mortality rate of UADT cancers among African-Americans compared to Euro-Americans
(Shavers et al., 2003). These differences may be related to different genetic backgrounds be-
tween these ethnic groups, including different distributions of polymorphisms in the genes
involved in the metabolism of xenobiotics. In this sense, the study of polymorphisms in these
candidate genes is an interesting approach to providing better insight in regards to interpopula-
tion and interindividual differences in the susceptibility to malignancies.

Although the GSTM-null genotype has been shown to be a significant risk factor to
different types of cancers, including lung (Lee et al., 2006), esophagus (Lu et al., 2005), and
bladder (Yuan et al., 2008) cancers, this study found no association between this polymorphism
and UADT cancer, in agreement with observations in other Brazilian populations (Biselli et
al., 2006; Hatagima et al., 2008) and global populations (Olshan et al., 2000; Boccia et al.,
2008). These results, however, do not corroborate with previous data obtained from other
Brazilian populations (Drummond et al., 2004; Gattas et al., 2006). These differences may be
due to the smaller sample size of these studies, as well as the criteria used in the recruitment
of controls (hospital-based only). Importantly, different types of biases can be introduced into
the analysis based on hospital controls, which generally makes this type of comparison group
undesirable (Grimes and Schulz, 2002).

Although the GSTT-null genotype has been associated with a risk factor for UADT
cancer in previous studies (Soya et al., 2007; Singh et al., 2008), in this study, this polymor-
phism was significantly associated with a protective factor for this malignancy, in agreement
with some other studies (Oude Ophuis et al., 2006; Anantharaman et al., 2007); however, this
association was not confirmed when adjusted for other variables. A possible explanation for
these results is the dual role of GST 0, which may catalyze both the bioactivation and the de-
toxification of xenobiotics (Landi, 2000). An important example is the conversion of methyl
chloride into S-chloromethyl glutathione, which, after hydrolysis, becomes formaldehyde, a
known carcinogen to humans and animals (Sherratt et al., 1998). Although methyl chloride
is not associated with cigarette smoke, it is likely that it contains other compounds capable
of generating carcinogenic agents after suffering bioactivation mediated by GSTT1 (Evans et
al., 2004). Additionally, it was shown that workers with the GSTT-null genotype exposed to
polycyclic aromatic hydrocarbons had lower concentration of 8-oxoguanine, the main bio-
marker of oxidative DNA damage (Garte et al., 2007). Thus, the role of this polymorphism
in UADT cancer risk could be subject to the relative exposure levels to carcinogens that are
detoxified or bioactivated through these enzymes.

We observed no association between the GSTP/ 1le105Val polymorphism and UADT
cancer risk. Corroborating our data, few studies have associated the GSTPI*B variant with
UADT cancer risk (Lazarus and Park, 2000; Hashibe et al., 2003). Furthermore, our results
are in accordance with those reported by other authors for the GSTP! 1le105Val polymorphism
and oral cancer risk in Brazilian populations (Leichsenring et al., 2006; Hatagima et al., 2008).
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Since GST enzymes share some substrates, we can consider them, at least in part, as
a functionally redundant system (Hayes et al., 2005). These different candidate loci would
therefore be more informative when evaluated within a multigenic disease model. For this rea-
son, we conducted an analysis of gene-gene interactions by combining the different genotypes
of GSTM1, GSTT1, and GSTP1.

In the analysis of interactions between GSTM1 and GSTT1, we found that the high-
risk genotype combination (GSTM I null and GSTT! positive) significantly increased the risk
of UADT cancers compared to the reference group (GSTM1 positive and GSTT1 null). In addi-
tion, the GSTT-positive allele did not confer a significantly increased risk in individuals that
simultaneously carried at least one functional copy of GSTM . Although these results were not
statistically significant when adjusted with the logistic regression model, it nonetheless sug-
gested the existence of an interaction between these loci in the modulation of the susceptibility
to UADT cancers. A possible explanation is that specific pre-carcinogens that are present in
cigarette smoke may be bioactivated by GSTT1 and detoxified by the GSTM1 pathways.

In the analysis involving GSTT1 and GSTPI, individuals with the GSTTI-positive
genotype had an increased risk relative to the reference group (GSTT! null and GSTPI Tle/
Ile) regardless of the GSTPI alleles that they co-carried. This result suggests the independent
role of the GSTTI-positive genotype in increasing the risk of UADT cancers when compared
together with the effect of GSTPI. Finally, we found no combination of risk or protection in
the grouped analysis of GSTMI and GSTPI genes.

The interaction of the GSTM-null genotype with smoking did not result in a significant
increase of UADT cancers for moderate or heavy smokers. Soya et al. (2007) observed an in-
teraction between this genotype and tobacco use in UADT cancer for tobacco-chewers, but not
for tobacco smokers. Moreover, this lack of interaction between the GSTM-null genotype and
tobacco smoking in UADT cancer was also previously reported (Olshan et al., 2000).

Although the influence of the GSTP! 1le105Val polymorphism on the UADT cancer
risk has been reported both for heavy (Soya et al., 2007) and moderate (Park et al., 1999)
smokers, this study did not detect any significant interaction of this polymorphism with to-
bacco smoking. This result is in agreement with results of previous studies (Singh et al., 2008).

The GSTTI-null genotype conferred a decreased UADT cancer risk for moderate
smokers. However, for heavy smokers, this genotype was not a significant risk modifier. This
finding is consistent with the assumption that polymorphisms in genes of xenobiotic metabo-
lism would be most important for cancer susceptibility in response to lower levels of exposure
to carcinogens (Vineis and Martone, 1995). Furthermore, in agreement with our results, a
study conducted in India demonstrated the protective role of the GSTT/-null allele in oral
cancer among patients who consumed tobacco (Anantharaman et al., 2007).

An important limitation of the present study is the small sample size, which leads
to a considerable lack of statistical power. Thus, it is possible that our results may be due to
chance, as several gene-gene and gene-environment interactions were examined. Therefore,
these findings should be interpreted with caution and need be confirmed in larger, well-de-
signed studies.

In conclusion, this study showed that the GSTT/-null genotype was a protective fac-
tor for the development of UADT cancers in the study population, especially among moderate
smokers. Analyses of gene-gene interactions revealed the existence of genotype combinations
between GST loci that were significantly associated with risk or protective factors for this ma-
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lignancy. Thus, these genotypes would be more informative and important for the exploration
of population groups that are genetically more susceptible to UADT cancers when considered
within a multigenic disease model.
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