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ABSTRACT 

Aims: This study examined whether genetic polymorphisms of tobacco and alcohol-related metabolic genes such as 
GSTM1, GSTT1, GSTP1, CYP1A1, CYP2E1 and DNA repair genes (XRCC1 194Trp, XRCC1 399Gln, and XRCC3 Met) 
contribute to the risk of developing OSCC. Methods: Patients eligible for inclusion were over 18 years, had pathologi- 
cally confirmed OSCC and were followed prospectively for at least two years or until death, from December 2000 to 
December 2004. Ninety-two OSCC patients were included along with 244 subjects from the same hospital, evaluated in 
the same period as patients without cancer, as the control group. Results: GSTM1 null and XRCC1-194Trp alone in- 
creased the risk of OSCC (OR, 2.15; 95% CI, 1.2 - 3.6 and OR, 2.02; 95% CI, 1.01 - 4.03, respectively). The joint effect 
of GSTM1 null with CYP1A1 or CYP2E1 polymorphism increased the risk two to threefold. Similar results were ob- 
served when XRCC1-194Trp was combined with GSTM1 null or the CYP2E1 polymorphism. By contrast, XRCC1- 
399Gln was associated with protection against OSCC. Gene-gene and gene-environmental interactions were mainly 
detected for CYP1A1 and GSTP1 associated with more than 20 p/y of tobacco and XRCC1-194Trp when more than 30 
g/L/d of alcohol was consumed (OR, 8.8; 95% CI; 1.3 - 45.7). Conclusions: The drug metabolizing and DNA repair 
enzyme polymorphisms may be informative for clinicians in the preventive management of patients at risk, particularly 
those with strong smoking and drinking habits. 
 
Keywords: Mouth Neoplasms; Head and Neck Neoplasms; Polymorphism; Genetic; Smoking; Alcohol Drinking 

1. Introduction 

Oral squamous cell carcinoma (OSCC) is the eighth most 
frequent cancer in the world among males and the four- 
teenth among females, accounting for nearly 3% of all 
cancer cases worldwide. The main risk factors related to 
OSCC are tobacco and alcohol use, independent of the 
type of tobacco or alcoholic beverage, with the associa- 
tion being synergistic. Dietary factors, human papillo- 
mavirus (HPV) infection, genetic factors, hot mate, and 
poor oral hygiene are reported as risk factors, as well. 
Social inequalities are related to OSCC risk by being 
linked to factors directly affecting behaviour and lifestyle 
[1]. 

In Brazil, OSCC is the fourth most common cancer  

and 14,170 new cases of OSCC are estimated for the year 
2012 (9990 and 4180 for men and women, respectively) 
[2]. Although the oral cavity is more accessible for com- 
plete examination, most cases are diagnosed in clinical 
stages III or IV due to negligence or inaccessibility to 
medical care. 

After exposure to xenobiotics some inactive products 
are metabolically converted into active products (phase I 
enzymes) with high affinity for DNA, RNA and/or pro- 
teins resulting in adduct formation and DNA damage. In 
a dynamic cellular process most carcinogens are detoxi- 
fied by drug-metabolizing enzymes (phase II enzymes).  

The oxidative metabolism or phase I, mediated by cy- 
tochrome P450 enzymes and microsomal epoxide hy- 
drolases that convert many highly reactive metabolites to 
carcinogenic compounds. The phase I cytochrome P450  *Corresponding author. 
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superfamily of enzymes is encoded by CYP genes, which 
include CYP1A1 and CYP2E1 subfamilies. They play a 
critical role in the biotransformation of drugs, carcino- 
gens, steroid hormones, and environmental toxicants 
leading to direct activation and production of more active 
metabolites [3]. 

The second, enzyme conjugate or phase II, consists of 
reactions that involve GSTs and other enzyme families 
that inactivate the products of phase I [4]. GST family 
genes are grouped in eight classes based in the structure, 
specific substrate and immunological properties: alpha, 
mu, kappa, pi, sigma, theta, zeta and omega [5]. Glu- 
tathione S-transferase pi-GSTP1 gene encodes an en- 
zyme expressed in placental, spleen, heart and lung tis- 
sues. There are two genetic variations in GSTP1 gene: 
A313G (Ile105Val) and C341T (Ala114Val) that result 
in significant alterations in enzyme activity and it may be 
associated with the levels of DNA adducts [6]. These 
polymorphisms are associated with increased risk for 
head and neck squamous cell carcinoma-HNSCC [3]. 
Glutathione S-transferase mu-GSTM1 gene is polymor- 
phic in human polulation (GSTM1*0) and Glutathione S- 
transferase theta-GSTT1 gene is also polymorphic in hu- 
man population, presenting null phenotype by deletion 
(GSTT1*0) and consequently complete loss of enzyme 
activity [7]. 

As most of phase I and II enzymes have polymorphic 
sites, which may affect their activity, the strength and 
balance of these activities may differ according to the 
individual genotype of these metabolic genes [8]. In fact, 
inter-individual variation in the metabolism of xenobiot- 
ics may be related to differences in the risk for different 
types of cancer, and evidence exists suggesting their as- 
sociation with an increased risk of cancer [9]. 

As well as polymorphisms on metabolizing genes, the 
mechanisms of DNA damage repair are also important 
factors protecting cells against carcinogenesis due to en- 
vironmental exposure. XRCC1 (X-ray repair cross-com- 
plementing) gene plays an important role in the base ex- 
cision repair (BER) pathway and participates as scaf- 
folding intermediate by interacting with ligase III, DNA 
polymerase b and poly(ADP- ribose) polymerase (PARP) 
in the C-terminal, N-terminal, and central regions of 
XRCC1, respectively [10-13]. XRCC3 participates in 
DNA double-strand break/recombination repair and is a 
member of an emerging family of RAD-51-related pro- 
teins [14,15]. The protein XRCC3 acts in the homologous 
pathway of double-stranded DNA repair. This pathway 
plays a substantial role in preventing chromosomal frag- 
mentation, translocation, and deletion, which can lead to 
carcinogenesis [16,17]. Polymorphisms in DNA repair 
genes may alter their functions and their capacity to re- 
pair DNA damage, increasing genetic instability and the 
risk of developing cancer [18]. 

It has been suggested that a detailed knowledge of the 
risks to a particular gene-exposure status could be used to 
provide personalized prevention and follow-up of pa- 
tients, mainly when there is high consumption of tobacco 
and alcoholic beverages. Further studies in these high- 
risk individuals could also provide an insight into apply-
ing these preventive approaches to the average risk popu- 
lation and lead to a better understanding of the multi-step 
carcinogenic process.  

The objective of this study was to examine whether 
genetic polymorphisms of tobacco and alcohol-related 
metabolic genes and DNA repair genes contribute to 
susceptibility to carcinogenic exposure and the develop- 
ment of OSCC. The contribution of alcohol and tobacco 
consumption habits to the risk of developing OSCC was 
also evaluated. 

2. Materials and Methods 

A total of 336 participants in this study were recruited 
from Heliópolis Hospital, São Paulo, Brazil (Table 1). 
All 92 consecutive patients with histologically confirmed 
oral squamous cell carcinoma were preoperatively se- 
lected in the Department of Head and Neck Surgery and 
Otorhinolaryngology of the Hospital Heliópolis, and in- 
vited to participate after being informed about the re- 
search. Eligible patients comprised 82% men (81/92) and 
12% women (11/92), with ages varying from 24 to 81 
years old (53 median ±9.3 years old). Seventy-one per- 
cent of the patients (65/92) were diagnosed with floor of 
mouth or oral tongue cancer, 20% (19/92) with gingi- 
val/retromolar cancer, and 9% (8/92) with lip cancer. 
Approximately 74% of the study cohort consisted of pa- 
tients diagnosed with TNM stage III-IV disease. The 
patients were followed prospectively from date of diag- 
nosis until death or until July 2012. Follow-up data of the 
cohort members were collected by a prospective longitu- 
dinal tracking system. Information on vital status, pri- 
mary site, TNM stage (consistent with the American 
Joint Committee on Cancer, AJCC) lymph node status, 
disease recurrence, and treatment were collected and 
updated at least every six months from clinician notes, 
pathology reports, laboratory reports, and death certifi- 
cates. 

The control group was composed of 244 patients 
without any malignancy, 92% men (225/244) and 8% 
women (19/244), varying from 20 to 82 years old (me- 
dian 53.6 ± 10.5 years old), who were selected in the 
same hospital and in the same period as the patients with 
OSCC. The underlying causes of hospitalization of the 
control patients were grouped into large diagnostic cate- 
gories (following the tenth version of the International 
Classification of Diseases): these patients mainly had 
non-cancerous digestive system diseases (44%) and car- 
diovascular diseases (33%).  
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Table 1. Summary of the polymorphic sites of the genes, including used primers. 

Polymorphic site SNP Primer Forward Primer Reverse Reference

XRCC1 Mspl R194w 5’-GCC CCG TCC CAG GTA-3’ 5’-AGCCCCAAGACCCTTTCATC-3’ [19] 

XRCC1 Mspl R399Q 5’-TTG TGC TTT CTC TGT GTC CA-3’ 5’-TCC TCC AGC CTT TTC TGA TA-3’ [19] 

XRCC3 Ncol T241M 5’-GCC TGG TGG TCA TCG ACT C-3’ 
5’-ACA GGG CTC TGG AAG GCA CTG 
CTC AGC TCA CGC ACC-3’ 

[14] 

CYP1A1 Mspl I462V 5’-TAG GAG TCT TGT CTC ATG CCT-3’ 5’-CAG TGA AGA GGT GTA GCC GCT-3’ [20] 

CYP2E1 Pstl G351S 5’-CCA GTC GAG TCT ACA TTG TCA-3’ 5’-TGA GGG CAC AAG AAG CCC CT-3’ [21] 

GSTP1 Bsma I105V 5’-ACC CCA GGG CTC TAT GGG AA-3’ 5’-GTT GGG CTC AAA TAT ACG GTG G-3’ [22] 

GSTM1 ------ 5’-GAA CTC CCT GAA AAG CTA AAG C-3’ 5’-GTT GGG CTC AAA TAT ACG GTG G-3’ [22] 

GSTT1 ------ 5’-TTC CTT ACT GGT CCT CAC ATC TC-3’ 5’-TCA CCG GAT CAT GGC CAG CA-3’ [22] 

 
All patients with OSCC and the controls were interv- 

iewed using a standardized questionnaire regarding sm- 
oking habits, alcohol drinking history, dietary habits, and 
occupational activities. Data on the frequency and amount 
of alcohol consumption were estimated for all types of 
alcoholic beverages, including beer (5% ethanol), wine 
(12% ethanol), and hard liquor or cachaça (a spirit made 
from sugar cane and vastly consumed in Brazil), which is 
41% ethanol.  

Genomic DNA for genotype evaluation was isolated 
from lymphocytes in 5 ml of peripheral blood samples by 
means of a non-organic DNA extraction procedure. The 
CYP2E1, CYP1A1, GSTP1, XRCC1 and XRCC3 poly- 
morphisms were detected by restriction fragment length 
polymorphism (RFLP) analysis as previously described 
[14,19-21]. A single assay using a multiplex PCR proto- 
col was performed for simultaneous GSTM1/GSTT1 gene 
amplification, including a positive control to identify the 
GSTM1 and GSTT1 null genotype polymorphisms [22]. 
This technique does not distinguish between heterozy- 
gote and homozygote GSTM1 or GSTT1-positive geno- 
types, but it conclusively identifies null genotypes. Re- 
lated polymorphisms were evaluated in polyacrylamide 
or agarose gel depending on fragment size. Negative con- 
trols were included in every run to test for contamination 
and all genotyping results were determined blind to case- 
control evaluation, compared to positive controls (Table 
2).  

The study protocol and the questionnaire were ap- 
proved by the Institutional Ethics Committees, and all 
patients gave written informed consent to participate.  

The statistical significance of associations between 
OSCC and SNP polymorphisms was analysed using 
Fisher’s exact test [23]. Odds ratios (OR) and 95% con- 
fidence intervals (95% CI) were calculated as approxi- 
mations of relative risk [24]. 

The risk of oral cancer was estimated by comparing 
subjects with GSTM1 and GSTT1 null genotypes with 
those positive for at least one allele, and for CYP2E1, 

CYP1A1, GSTP1, XRCC1-194, XRCC1-399, and XRCC3 
the risk was considered by comparing individuals with 
mutations (homozygous and/or heterozygous) against 
those without mutations (wild type). Alcohol consump- 
tion was evaluated based on categories of cumulative 
consumption, expressed according to estimated dose as 
grams per litre per day (g/L/d) and tobacco consumption 
was evaluated according to packs per year (p/y); the risk 
point for alcohol consumption was found using a receiver 
operating characteristics (ROC) curve. The OR estimates 
were obtained by non-conditional logistic regression 
modelling adjusted for potential confounders. Statistical 
significance was assessed by the maximum likelihood 
ratio test. The disease effect of variables that showed p < 
0.02 in the univariate analysis was compared using mul- 
tiple logistic regression analysis. The statistical signifi 
cance of associations was determined by chi-square tests 
using the statistical computer software SPSS (version 
15.0), and the critical level of rejection on the null hy- 
pothesis was considered to be 5%. 

3. Results 

Table 1 summarizes the demographic characteristics of 
the 92 patients with OSCC and the corresponding con- 
trols. The study groups were very similar regarding gen- 
der and age; both consisted mainly of men aged 60 years 
old or less. Regarding skin color, 67% of OSCC patients 
and 60% of the controls were classified as white skin 
color, as shown in Table 1.  

Among the OSCC cases, only 2% reported that they 
did not smoke, compared to 23% in the control group. 
The difference was considered significant (p < 0.001), 
resulting in a more than fifteen times increased risk of 
cancer among smokers (OR, 16.72; 95% CI, 3.84 - 
102.27), as shown in Table 1. 

The known risk factors for head and neck cancer such 
as tobacco and chronic alcohol intake were confirmed. 
As shown in Table 1, OSCC patients reported a median  
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Table 2. Distribution of demographic factors in the OSCC patients and controls. 

 Groups  

Variable OSCC Controls OR CI (95%) p* 

 N % N %  Lower Upper  

Sex         

Male 81 88 225 92.2 1.00    

Female 11 12 19 7.8 1.61 0.68 3.74 0.32 

Age  

Average ± sd 53 ± 8.3 53.6 ± 9.3     

Skin colour         

White 62 67 148 60 1.00    

Mulatto 21 23 68 28 0.74 0.40 1.35 0.36 

Black 9 10 29 12 0.80 0.44 1.47 0.59 

Tobacco smokers  

Still 71 77 121 50 16.72 3.84 102.27 <0.001 

Never 2 2 57 23 1.00    

In the past 19 21 66 27 8.20 1.73 53.36 0.003 

Average packages/year 38  24      

Alcohol drinkers  

Still 62 67 106 43 3.57 1.57 8.36 <0.001 

Never 9 10 55 23 1.00    

In the past 21 23 83 34 1.55 0.62 3.96 0.42 

Average grams/litre/day 130  58      

Total 92 100 244 100     

*Values are statistically significant at the 0.5 levels; ns = p > 0.05. 

 
alcohol consumption of 130 g/L/day, which was higher 
than that declared by the control group (58 g/L/day) and 
resulted in a more than three times increased risk of can- 
cer among alcoholics (OR, 3.57; 95% CI, 1.57 - 8.360).  

As identified in others studies, alcoholics are also of- 
ten smokers, which makes it difficult to analyse the ef-
fects of each one of these habits individually. To assess 
the combined effect of tobacco and alcohol on cancer, all 
possible comparisons between alcohol and tobacco use 
were evaluated. The consumption of cigarettes combined 
with the use of alcohol increased the risk of OSCC by 
more than eleven times (OR, 11.49; CI 95%, 1.50 - 
241.44), as shown in Table 3. 

Using a ROC curve, it was possible to estimate the 
amount of alcohol and tobacco that maximized the risk of 
developing OSCC. It was found that individuals who 
reported consuming over 30.655 g/L/day of alcohol and 
27.5 p/y of tobacco had an approximately four times 
greater risk of developing OSCC compared with controls 
(Table 4). 

Table 5 shows the genotype frequencies for the diff- 
erent GSTs, CYPs and DNA repair genes in the patients 
and corresponding controls. As evident from the table, 
the GSTM1 null genotype was found to be present in a 
higher frequency (56.5%) of the patients when compared 
to the controls (37.7%), which resulted in significant 

association between OSCC and GSTM1 null genotype 
(OR, 2.15; CI, 1.28 - 3.6). Likewise, the XRCC1-194Trp 
genotype was also found to be more prevalent in patients 
than controls, revealing a significant association between 
OSCC and a polymorphism of the DNA repair gene 
XRCC1-194Trp (C > T) at exon 6 (OR, 2.02; 95% CI, 
1.01 - 4.03). As shown in Table 5, the XRCC1-399Gln 
heterozygous genotype (52%) and homozygous genotype 
(12.3%) were found to be inversely associated (39.1% in 
controls and 6.5% in OSCC), which resulted in a de- 
creased risk of OSCC (OR, 0.46; 95% CI, 0.28 - 0.75).  

The risk of OSCC associated with multiple at-risk 
genotypes was also studied in the controls as showed on 
Table 6. All possible polymorphism combinations of the 
genes studied were assessed but only the selected results 
are presented. First, the frequencies of present or null 
variants of GSTM1 combined with the other tested gene 
variants were analyzed. The frequency of GSTM1 null 
combined with the CYP1A1 mutated genotype was 
higher in OSCC cases (72.8%) than in the controls 
(58.2%), and this result was significant (OR, 1.93; 95% 
CI; 1.10 - 3.37). A similar significance was observed 
with the joint effect of GSTM1 and CYP2E1Pst I poly- 
morphisms in OSCC patients when compared to the con- 
trols, which increased the risk of OSCC (OR, 2.29; 95% 
CI; 1.36 - 3.87), and the GSTM1 null and XRCC1-194  
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Table 3. Alcohol and tobacco considered together in the risk of OSCC. 

Groups 

Alcohol Tobacco OSCC Controls OR CI (95%) p 

  N % N %  Lower Upper  

Never 1 2 14 13 1.00    

Still 55 89 67 63 11.49 1.50 241.44 0.009 

In the past 6 9 25 24 3.36 0.33 81.80 0.25 
Still 

Total 62 100 106 100     

Never 1 11 33 60 1.00    

Still 3 33 15 27 6.60 0.53 179.87 0.11 

In the past 5 56 7 13 23.57 2.04 628.95 0.002 
Never 

Total 9 100 55 100     

Never - - 10 12.0 -    

Still 13 62 39 47.0 -    

In the past 8 38 34 41.0 -    
In the past 

Total 21 100 83 100     

*p values statistically significant (<0.05) by Fisher’s exact test. 

 
Table 4. The diary alcohol intake and tobacco consumption and the risk of OSCC considering 92 patients and 244 controls. 

Groups  

OSCC Controls Total OR CI (95%) p 
Diary alcohol  

intake (g/L/day) 
n % N % n %  Lower Upper  

<30.655* 29 32 158 65 187 56 1.00   <0.001 

≥30.655 63 68 86 35 149 44 3.99 2.32 6.89  

Total 92 100 244 100 336 100     

Groups  

OSCC Controls Total OR CI (95%) P 
Diary tobacco  

consumption (p/y) 
n % N % n %  Lower Upper  

<27.5* 32 35 158 64.8 190 57 1.00   <0.001 

≥27.5 60 65 86 35.2 146 43 3.44 2.02 5.88  

Total 92 100 244 100 336 100     

*Values estimated by ROC curve. 

 
polymorphism was significantly more frequent in OSCC 
cases than in controls (OR, 2.44; 95% CI 1.44 - 4.14). 
Similar results were observed when the XRCC1-194Trp 
genotype was combined with the CYP2E1 PstIgenotype 
(OR, 2.0; 95% CI; 1.10 - 3.62). 

After stratification for the potential confounding va- 
riables mentioned in Table 1, some interesting differ- 
ences in genotype frequencies were noted between the 
patients and controls (Table 7). Patients that consumed 
less tobacco had a higher frequency of the GSTM1 null 
genotype when compared to patients with a higher to- 
bacco intake, although the sample size was a limiting 
factor for statistical significance. For the GSTP1 BsmA 
polymorphism, there was an increasing trend in this mu- 
tant genotype in patients with a high tobacco intake 
which became statistically significant when more than 39  

p/y of tobacco was consumed (OR, 5.0; 95% CI; 1.9 - 
12.4 (Table 6)). Similar results were observed for the 
CYP1A1 MspI polymorphism, which increased the risk 
of OSCC by almost four times with increased tobacco 
use (Table 5). For drinkers, the mutated genotype for 
XRCC1-399 and XRCC3 seemed to protect against 
OSCC when the amount of alcohol consumed was be- 
tween 5 - 30 g/L/d (OR, 0.1; 95% CI; 0.03 - 0.7 (Table 
5)), and XRCC1-194 increased the risk of OSCC by al- 
most nine times when more than 30 g/L/d of alcohol was 
consumed (OR, 8.8; 95% CI; 1.3 - 45.7 (Table 7)) 

4. Discussion  

Tobacco and alcohol consumption have been described 
as the most important risk factors associated with head 
nd neck squamous cell carcinoma HNSCC [25]. More  a  
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Table 5. The genotype frequencies and risk (estimated by odds ratio (OR) and 95% CI) of genotypes GSTM1, GSTT1, GSTP1, 
CYP2E1, CYP1A1, XRCC1-194, XRCC1-399, XRCC3 in the OSCC patients and controls. 

Genotypes OSCC N = 92 (%) Controls N = 244 (%) OR (CI 95%) 

GSTM1 
nonnull# 

null 

 
40 (43.5) 
52 (56.5) 

 
152 (62.3) 
92 (37.7) 

 
1.0 

2.15 (1.28 - 3.6) 
GSTT1 

non null# 
null 

 
69 (75) 
23 (25) 

 
197 (80.7) 
47 (19.3) 

 
1.0 

1.4 (0.76 - 2.56) 
GSTP1 BsmA 

wt/wt 
wt/m 
m/m 

wt/m + m/m 

 
40 (43.5) 
47 (51.1) 

5 (5.4) 
52 (56.5) 

 
96 (39.3) 
115 (47.1) 
33 (13.5) 
148 (60.6) 

 
1.0 

0.98 (0.59 - 1.62) 
0.36 (0.13 - 1.07) 
0.84 (0.52 - 1.37) 

CYP2E1 PstI 
wt/wt 

wt/m or m/m 

 
78 (84.8) 
14 (15.2) 

 
222 (91) 

22 (9) 

 
1.0 

1.81 (0.83 - 3.92) 
CYP1A1 MspI 

wt/wt 
wt/m 
m/m 

wt/m + m/m 
 

 
59 (64.1) 
29 (31.5) 

4 (4.3) 
33 (35.9) 

 
164 (67.2) 
72 (29.5) 

8 (3.3) 
80 (32.8) 

 
1.0 

1.12 (0.66 - 1.89) 
1.39 (0.34 - 5.34) 
1.14 (0.69 - 1.89) 

XRCC1-194Trp 
wt/wt 
wt/m 
m/m 

wt/m + m/m 

 
76 (82.6) 
16 (17.4) 

- 
16 (17.4) 

 
221 (90.6) 

20 (8.2) 
3 (1.2) 
23 (9.4) 

 
1.0 

2.33 (1.08 - 4.98) 
- 

2.02 (1.01 - 4.03) 
XRCC1-399Gln 

wt/wt 
wt/m 
m/m 

wt/m + m/m 

 
50 (54.4) 
36 (39.1) 

6 (6.5) 
42 (45.6) 

 
87 (35.6) 
127 (52.0) 
30 (12.3) 
157 (64.3) 

 
1.0 

0.49 (0.29 - 0.81) 
0.35 (0.12 - 0.96) 
0.46 (0.28 - 0.75) 

XRCC3 
wt/wt 
wt/m 
m/m 

wt/m + m/m 

 
51 (55.4) 
36 (39.1) 

5 (5.5) 
41 (45.6) 

 
122 (50.0) 
97 (39.8) 
25 (10.2) 
122 (50.0) 

 
1 

1.24 (0.75 - 2,07) 
1.13 (0.66 - 1.92) 
2.09 (0.71 - 6.62) 

Abbreviations: OSCC, oral squamous cell carcinoma; CI, confidence interval; wt/wt, homozygous wild-type; wt/m, heterozygous wild-type/mutation; m/m, 
homozygous mutation. #At least one copy of the gene present. 

 
recently, the results from case-control studies of several 
phenotypic and genotypic assays supported the hypothe- 
sis that genetic susceptibility or predisposition plays an 
important role in head and neck tumour aetiology [26]. It 
has been hypothesized that susceptibility to disease de- 
velopment is based on inherited differences in the effi- 
ciencies of carcinogen metabolism, DNA repair and cell 
cycle control or a combination of these. 

In our series, only a few individuals reported that they 
had never smoked or consumed alcoholic beverages. 
Alcohol and tobacco consumption were more frequently 
observed in patients with OSCC than in the control sub- 
jects (p < 0.001). The risk of development of different 
types of cancer is dependent on inter-individual variabil- 
ity in sensitivity towards carcinogens. In this context, in 
the present study we evaluated the association between 
the drug-metabolizing gene polymorphisms GSTM1, 
GSTT1, GSTP1 BsmA, CYP1A1 and CYP2E1 and the 
DNA repair gene polymorphisms XRCC1-194, XRCC1- 
399 and XRCC3. The results indicated that the GSTM1 
null genotype confers a 2.15-fold increase in the risk of 

oral cancer. A similar result was observed for the 
XRCC1-194 genotype, which also confers a 2.02-fold 
increase in the risk of OSCC. The other DNA repair gene 
polymorphism, XRCC1-399 and XRCC3, however, ap- 
peared to protect against oral cancer.  

The association between specific genetic polymorp- 
hisms and the risk of head and neck cancer has been 
evaluated in different populations all over the world [27]. 
Despite the fact that an increased frequency of patients 
with HNSCC were found to carry the GSTM1 null geno- 
type when compared to patients without cancer, inde- 
pendent studies and subsequent metanalysis reports re- 
main inconclusive about the association between 
HNSCC and GST variants [28]. The positive association 
between the GSTM1 null genotype and OSCC observed 
in this study is in agreement with other recent publica- 
tions, but not with OSCC patients from Rio de Janeiro, 
Brazil [6]. A lack of the GSTM1 enzyme is thought to 
increase cancer susceptibility as a result of the decreased 
ability to detoxify reactive intermediates of tobacco car- 
cinogens, including polycyclic aromatic hydrocarbons  

Copyright © 2013 SciRes.                                                                                  JCT 
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Table 6. Frequencies of the selected gene-gene combinations, the odds ratios, and 95% CI intervals in the OSCC patients and 
controls. 

Genotypes OSCC N = 92 (%) Controls N = 244 (%) OR (CI 95%) 

GSTM1#/CYP1A1 
non null and wt/wt 

null and wt/m or m/m 
 

 
25 (27.2) 
67 (72.8) 

 
102 (41.8) 
142 (58.2) 

 
1.0 

1.93 (1.10 - 3.37) 

GSTM1#/CYP2E1 
non null and wt/wt 

null and wt/m 
 

 
33 (35.9) 
59 (64.1) 

 
137 (56.1) 
107 (43.9) 

 
1.0 

2.29 (1.36 - 3.87) 

GSTM1#/XRCC1-194 
non null and wt/wt 

null and wt/m or m/m 
 

 
32 (34.8) 
60 (65.2) 

 
138 (56.6) 
106 (43.4) 

 
1.0 

2.44 (1.44 - 4.14) 

XRCC1-194/CYP2E1 
wt/wt for all 
wt/m or m/m 

 
65 (70.7) 
27 (29.3) 

 
202 (82.8) 
42 (17.2) 

 
1. 

2.0 (1.10 - 3.62) 

Abreviations: OSCC, oral squamous cell carcinoma; CI, confidence interval; wt/wt, homozygous wild-type; wt/m, heterozygous wild-type/mutation; m/m, 
homozygous mutation. #At least one copy of the gene present. 

 
and aromatic amines and for regulating the DNA repair 
enzymes. In fact, GSTM1 levels in the peripheral whole 
blood of individuals with the GSTM1 null genotype are 
nine times lower, indicating that homozygous deletion of 
the GSTM1 gene associated with tobacco and alcohol 
habits can even increase the risk of OSCC [29]. In fact, 
one carcinogenic role attributed to alcohol is believed to 
be its ability to act as a solvent, facilitating the entry of 
tobacco carcinogens into oral tissues and explaining the 
synergy between tobacco and alcohol. In this investiga- 
tion the two other detoxification enzyme polymorphisms, 
GSTT1 and GSTP1, did not show an association with 
OSCC risk; this result is in accordance with the results 
found by some other authors [30].  

Unlike other authors that have studied tumours of the 
oral cavity, pharynx and larynx [31], our results show 
that the frequency of the CYP2E1 and CYP1A1 mutated 
alleles was higher in patients with OSCC compared to 
the controls, but the difference between the groups was 
not statistically significant. It is important to point out 
that the CYP1A1 gene codes for the enzyme aryl hydro- 
carbon hydroxylase, which is responsible for the first 
step in the metabolism of polycyclic aromatic hydrocar- 
bons, and the CYP2E1 gene product is involved in the 
metabolism of ethanol. The CYP2E1 gene also catalyses 
oxidation and the DNA adduct formation of several 
compounds found in cigarette smoke, such as N-ni- 
trosamines and benzene. 

Moreover, there are not only individual differences in 
metabolic activation and detoxification processes, but 
DNA repair mechanisms may also affect the acquired 
status of the host and influence the risk of developing 
cancer. The DNA repair enzyme, XRCC1, has an effect 
on the base excision repair of genomic damage caused by 
exposure to carcinogens such as tobacco and alcohol [32]. 
Amino acid substitutions in the active protein binding  

domains may impair the efficiency of repairing DNA 
damage and affect its function. Associations between 
XRCC1 polymorphisms and different types of cancer 
such as lung, breast, colon and head and neck cancers 
have been investigated. However, the results are not con- 
sistent. In our study, we observed a significant difference 
between the frequencies of the XRCC1-194Trp poly- 
morphism in patients compared to controls, which in- 
creased the risk of OSCC by more than twice. These data 
are in agreement with a report on patients with breast 
cancer [32], whereas they are in contrast to studies in 
which the XRCC1-194Trp polymorphism was not found 
to confer a significant risk of lung cancer in the Cauca- 
sian population [33]. These conflicting results may stem 
from the complexity of cancer aetiology with regard to 
exposure to carcinogens, DNA repair genotypes or other 
genetic factors, and to the different sample sizes evalu- 
ated.  

In our study we also observed a significant difference 
between frequencies of the XRCC1-399Gln allele in pa- 
tients. Although the reason for the reduction in OSCC 
risk for patients with the XRCC1-399Gln genotype is 
uncertain, a potential explanation is that this genotype 
leads to less efficient repair of the damage incurred by 
cigarette smoking which may prevent cells from pro- 
gressing through the apoptotic pathways that increase the 
likelihood of progressive genomic instability and cancer 
recurrence. Since polymorphisms in the XRCC1 gene 
have been linked to a reduced capacity for the removal of 
DNA damage, our results indicating an association be- 
tween the polymorphisms studied and oral cancer may 
imply that the base excision pathway might be involved 
in the repair of DNA damage that plays a role in the ini- 
tiation of head and neck carcinogenesis.  

Different GST isoforms exhibit overlapping substrate 
specificity and combinations of various unfavourable  
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Table 7. GSTM1, GSTT1, GSTP1 BsmA, CYP1A1 MspI, CYP2E1 PstI, XRCC1-194Trp, XRCC1-399Gln mutated genotype 
frequencies in OSCC cases and controls stratified by tobacco (90 patients and 187 controls) and alcohol consumption (83 pa- 
tients and 189 controls). 

     TOBACCO     

GENOTYPES  1 - 19 p/y   20 - 39 p/y   >39 p/y  

 
Cases 

(N = 19) 
Controls 
(N = 69) 

OR  
(95% CI)

Cases
(N = 35)

Controls 
(N = 62) 

OR 
(95% CI) 

Cases 
(N = 36) 

Controls 
(N = 56) 

OR  
(95% CI) 

GSTM1 (−) 12 (63) 23 (33) 1.00 20 (57) 25 (40) 1.53 (0.5 - 4.2) 20 (55) 22 (39) 1.74 (0.7 - 4.8)

GSTT1 (−) 6 (31) 12 (17) 1.00 5 (14) 12 (19) 0.83 (0.2 - 3.48) 10 (28) 11 (19) 1.8 (0.5 - 6.7)

GSTP1 (wt/m + m/m) 8 (42) 46 (67) 1.00 16 (46) 33(53) 2.80 (1.1 - 7.3) 26 (72) 30 (54) 5.0 (1.9 - 12.4)

CYP1A1 (wt/m+m/m) 5 (26) 28 (41) 1.00 14 (40) 21 (34) 3.7 (1.0 - 14.2) 14 (39) 18 (32) 4.4 (1.2 - 14.2)

CYP2E1 (wt/m) 3 (16) 6 (8) 1.00 5 (14) 4 (6) 2.5 (0.3 - 16.8) 6 (17) 8 (14) 1.5 (0.2 - 8.5)

XRCC1-194 (wt/m+m/m) 2 (10) 6 (8) 1.00 9 (26) 7 (11) 3.8 (0.6 - 25.3) 5 (14) 6 (11) 2.5 (0.2 - 18.3)

XRCC1-399 (wt/m+m/m) 8 (42) 41 (59) 1.00 15 (43) 42 (68) 1.8 (0.7 - 5.3) 19 (53) 36 (64) 2.7 (0.9 - 7.7)

XRCC3 (wt/m+m/m) 13 (68) 34 (49) 1.00 11 (31) 30 (48) 0.96 (0.34 - 2.72) 16 (44) 26 (46) 1.61 (0.60 - 4.33)

     ALCOHOL     

GENOTYPES  1 - 5 g/L/d   5 - 30 g/L/d   >30 g/L/d  

 
Cases 
(N=7) 

Controls 
(N = 14) 

OR  
(95% CI)

Cases
(N = 13)

Controls 
(N = 89) 

OR  
(95% CI) 

Cases 
(N = 63) 

Controls 
(N = 86) 

OR  
(95% CI) 

GSTM1 (−) 4 (57) 9 (64) 1.00 9 (69) 27 (30) 0.75 (0.1 - 3.8) 37 (59) 33 (37) 2.5 (0.6 - 8.96)

GSTT1 (−) 1 (14) 2 (14) 1.00 4 (31) 14 (16) 0.57 (0.04 - 8.4) 16 (25) 21 (24) 1.5 (0.1 - 18.3)

GSTP1 (wt/m+m/m) 4 (57) 11 (78) 1.00 10 (77) 56 (63) 0.50 (0.1 - 2.3) 35 (56) 45 (52) 2.1 (0.6 - 8.8)

CYP1A1 (wt/m+m/m) 3 (43) 5 (36) 1.00 7 (54) 28 (31) 0.4 (0.1 - 2.9) 20 (32) 29 (34) 1.2 (0.2 - 7.0)

CYP2E1 (wt/m) - - - 2 (15) 8 (9) 1.00 10 (16) 7 (8) 5.7 (0.9 - 35.4)

XRCC1-194 (wt/m+m/m) - - - 3 (8) 12 (19) 1.00 11 (30) 5 (9) 8.8 (1.3 - 45.7)

XRCC1-399 (wt/m+m/m) 5 (26) 7 (10) 1.00 6 (17) 62 (70) 0.1 (0.03 - 0.7) 27 (43) 58 (67) 0.6 (0.2 - 2.6)

XRCC3 (wt/m+m/m) 3 (4) 3 (2) 1.00 4 (3) 43 (48) 0.09 (0.01 - 0.85) 27 (42) 44 (51) 0.61 (0.09 - 4.18)

Abbreviations: OR, odds ratio; CI, confidence interval; wt/wt, homozygous wild-type; wt/m, heterozygous wild-type mutation; m/m, homozygous mutation; p/y, 
pack years. 

 
deletion genotypes may theoretically confer an even 
higher risk of cancer. Consistent with the previous study 
[34], our data also demonstrated a significantly elevated 
risk of OSCC in patients with combined high-risk geno- 
types. The simultaneous presence of the CYP1A1 and 
CYP2E1 polymorphic genes, which increase gene ex- 
pression, and the lack of the GSTM1 enzyme, which 
makes elimination of the metabolic products of these 
genes more difficult, could result in the accumulation of 
electrophilic intermediates resulting in adduct formation 
[35]. In a recently published metanalysis study, a joint 
effect of the CYP1A1 and GSTM1 polymorphisms on 
cancer risk was observed, suggesting that tobacco use 
and genetic factors play significant roles in oral and pha- 
ryngeal cancer [36]. 

In this study, besides genotypic markers of susceptibi- 
lity such as GST, CYP and DNA repair gene polymor- 
phism, we also evaluated phenotypic markers of suscep- 
tibility to alcohol and tobacco intake. When we evaluated 
the different amounts of tobacco consumption and gene 
interactions it was observed that there was a four times 

greater risk of OSCC for patients who consumed more 
than 20 packets of tobacco per year and had the CYP1A1 
variant genotype. The role of CYP1A1 in the metabolism 
of tobacco is well known and the tissue specific expres- 
sion of this protein has been also demonstrated in oral 
buccal cells [37].  

In the present study the GSTP1 polymorphism was 
associated with an increased risk of cancer when the to- 
bacco consumption was higher than 39 p/y, but not when 
the patients and controls were first compared. Several 
studies examined the relationship between GSTP1 poly- 
morphisms and smoking status in HNSCC and the results 
were not consistent. Ophuis et al. [38] found that HNSCC 
patients with the GSTP1 polymorphic genotype showed 
increased odds ratios when compared to the wild-type 
GSTP1 genotype. However, McWilliams et al. [39] found 
no association between GSTP1 genotypes and smoking 
status in HNSCC risk. The metabolic action of GST en- 
zymes may differ with different cancer sites. The highest 
concentrations of GSTP1 were observed in oral and pha- 
ryngeal tissues, and the highest concentrations of GSTM1 
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were observed in laryngeal tissue, relative to the other 
GSTs [40]. 

When the associations between DNA repair genes and 
the established risk factors for OSCC were investigated, 
our results showed that high alcohol intake and the 
XRCC1-194Trp genotype increased cancer risk but the 
association with XRCC1-399Gln and XRCC3Met geno- 
types reduced OSCC risk. For each tumour type, the 
biological pathway responsible for the induction of 
apoptosis and the inactivation of this mechanism may 
impact on both the ability to detect and the direction of 
the XRCC1-disease association. This is likely to vary 
significantly, not only by carcinogen exposure but also 
by disease, ethnicity, and geography. There are not many 
gene-interaction studies in the medical literature and 
these preliminary data should be regarded with caution. 
The assessment of smoking and alcohol consumption is 
difficult, especially for the total accumulative exposure. 
Exposure usually takes place over many years and is not 
always consistent. In addition, different cigarette brands 
may yield completely different nicotine and tar expo- 
sures.  

Finally, oral carcinogenesis is a complex multifocal 
process of multiclonal field carcinogenesis and intraepi- 
thelial clonal spread. Substantial evidence indicates ge- 
nomic instability as a cause rather than a consequence of 
malignant transformation that points to a key role of ab- 
errant DNA content in carcinogenesis. Considering that 
oral cancer is a disfiguring, potentially fatal disease 
which even nowadays continues to rise in incidence 
among young people and the elderly alike, controlling its 
devastating consequences will require intervention in 
at-risk people ideally before the disease becomes inva- 
sive, locally advanced or metastatic. So far it has been 
found that drug metabolizing enzymes and DNA repair 
enzyme polymorphisms are constitutive genotypes that 
may be informative for clinicians in the preventive man- 
agement of patients at risk, particularly those with strong 
smoking and drinking habits. 
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