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ABSTRACT. Polymorphisms in genes encoding P450 cytochrome
enzymes may increase the risk of sporadic colorectal cancer (SCRC).
Here we investigated the association between SCRC and CYP2E1 (Pstl)
and CYP1A1 (Mspl) polymorphisms in a case-control study. Moreover, we
sought to determine any possible associations between this disease and
the sociodemographic factors. We included 273 individuals (74 patients and
199 controls); the gender, age, tobacco usage, and alcohol consumption
of the included subjects, and the clinico-histopathological parameters of
the tumors, were analyzed. Molecular analyses were performed using
PCR-RFLP. The effect of polymorphisms on SCRC development, and
the association between this disease and sociodemographic factors
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were determined by multiple-logistic regression analyses. The combined
genotype was also evaluated. Statistically significant differences between
the patients and controls regarding the male gender (odds ratio, OR
= 0.19, 95% confidence interval, Cl = 0.08-0.46; P < 0.05) and age =44
years (median = 44; OR = 96.84, 95%CI = 21.78-430.49; P < 0.05) were
observed. The evaluated polymorphisms were not associated with SCRC
(Pstl-CYP2E1: OR = 0.93, 95%CI = 0.30-2.85; P = 0.897; Mspl-CYP1A1:
OR =0.75, 95%CI = 0.35-1.61; P = 0.463); the combined genotypes were
not associated with the risk of disease. Thus, individuals aged 244 years
are more sensitive to SCRC, while men are less susceptible. Additionally,
polymorphisms in CYP2E1 (Pstl) and CYP1A1 (Mspl) were not associated
with SCRC in the evaluated Brazilian population.
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INTRODUCTION

Sporadic colorectal cancer (SCRC) is a term used to designate malignancies that occur in
the large intestine (colon) and rectum (INCA, 2015) in individuals with no family history of cancer.
It occurs mostly in the sigmoid colon and rectum (Santos, 2007). The most frequent histological
type of SCRC is adenocarcinoma, which accounts for more than 90% of the cases (Zampino et
al., 2009). Studies have predicted the emergence of approximately 32,600 new cases of SCRC in
Brazil in 2014 (INCA, 2015).

The most common etiological factors for SCRC include age over 60 years (INCA, 2015),
alcohol consumption, tobacco habits, diet poor in calcium and folate, and rich in saturated fat, red
meat, bread, pasta, and refined sugar. On the other hand, the increased intake of polyunsaturated
fatty acids (chiefly derived from olive oil and seed oils), and the consumption of fruits and
vegetables may provide protection against this type of cancer. Other factors that may influence the
development of SCRC are obesity and a sedentary lifestyle (Giacosa et al., 2002; Zampino et al.,
2009; Dolatkthah et al., 2015).

The carcinogenesis of SCRC involves damage to the DNA of somatic cells caused by
environmental factors, forming DNA adducts. Some genetic variants codify highly polymorphic
enzymes that may accelerate this process. Therefore, the development of SCRC is a consequence
of both environmental factors and genetic mutations (Gertig et al., 1998).

The balance between the rate of absorption and elimination of xenobiotics has an important
role in preventing DNA damage caused by chemical carcinogens (Hatagima, 2002). Cigarettes and
alcohol cause a deleterious effect on the body because of the many carcinogens produced as a
result of their degradation and metabolization. The oxidative reactions caused by these substances
to the tissues result in the production of free radicals during different cellular events. Reactive
oxygen can cause mutagenesis and alterations in the cellular cycle by damaging the proteins,
carbohydrates, lipids, and DNA within the body (Zain et al., 2001).

Two types of enzymes participate in xenobiotic metabolism: the phase | and phase Il
enzymes. The major phase | enzymes belong to the cytochrome P450 (CYPs) superfamily, and are
responsible for the conversion of many compounds in highly reactive metabolites. In this context,
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the CYP2E1 and CYP1A1 genes are responsible for the metabolic activation of xenobiotics in
the human carcinogenesis process, thereby contributing to the development of diseases such as
cancer (Zhang et al., 2006).

Polymorphisms in the CYP2E1 and CYP1A1 genes can modify the expression or
function of enzymes, resulting in the activation of pro-carcinogen compounds (Zhang et al., 2006).
These polymorphisms can be potential candidates for predictive biomarkers that may help in the
identification of the subset of patients with an increased risk of development of SCRC (Zhou et al.,
2010). The polymorphism CYP1A1*2A (for the restriction enzyme Mspl) in the CYP1A1 gene results
from a single base substitution (T—C) at position 3801 of the poly-(A) tail in the 3'-untranslated
region of the gene, and is responsible for higher enzyme stability and/or activity (Shah et al.,
2009). The Pstl polymorphism (-1293 G—C) in the CYP2E1 gene is another potential indicator
of susceptibility to cancer. This polymorphism, located within the promoter region in the gene, is
associated with an increased enzyme activity (Hayashi et al., 1991). The CYP2E1 polymorphic
allele (c2) has been associated with increased risk SCRC and combined with alcohol consumption,
smoking, and red meat consumption may significantly increase the susceptibility to colon cancer
(Zhou et al., 2010).

Based on the above evidence, the aim of this study was to investigate the association
between SCRC and CYP2E1 (Pstl) and CYP1A1 (Mspl) polymorphisms in a case-control
study. Moreover, we sought to identify any possible associations between this disease and
sociodemographic factors.

MATERIAL AND METHODS
Ethics statement

This study was approved by the Research and Ethics Committee of the Faculdade de
Medicina de S&o José do Rio Preto - FAMERP (No. 216/2009).

Patients

This study was conducted on 273 individuals (74 patients and 199 controls) with a mean
age of 47.2 + 13.4 years. All adult individuals agreed to participate in the study, and written informed
consent was obtained from all individuals. The patients and controls resided in the city of Sdo José
do Rio Preto or one of the many surrounding towns in this region.

The case group consisted of 74 patients who were diagnosed with SCRC based on
their clinical histopathological parameters at the Hospital de Base, Sdo José do Rio Preto, SP,
Brazil. Patients with hereditary cancer and those who had been previously treated for cancer were
excluded from this study. The control group included 199 Brazilian healthy blood donors with aged
40 years and over and no previous history of cancer diagnosis. The subjects with a family history
of cancer were excluded from this study.

Methods

The variables analyzed were gender, age, and tobacco and alcohol consumption, extension
of the tumor (T), lymph node involvement (N), and the polymorphisms. Individuals who had smoked
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more than 100 cigarettes over their lifetime, and those who continued to smoke on some or all days
of the week around the time of the interview, were classified as smokers. Individuals who drank four
doses of alcohol per week were considered alcohol consumers (Ahrendt et al., 2000).

Each eligible subject was interviewed in order to determine their age, gender, smoking
habit, and alcohol consumption rate. The clinical histopathological parameters were gathered from
the medical records of the patients. The tumors were classified according to the parameters of
the International Union of Cancer Control (UICC), 2004, based on three criteria (UICC, 2012):
extension of the tumor (T), presence of regional lymph node involvement (N), and presence of
metastasis at distance (M).

Genomic DNA was obtained from peripheral blood leukocytes according to the modified
salting out technique described by Miller et al. (1998). The genotypes of the Pstl-CYP2E1 and
Mspl-CYP1A1 polymorphisms were determined by polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) according to Cury et al.,, 2012. The following primers were
used for these reactions: sense, 5-CCA GTC GAC TCT ACATTG TCA-3' and anti-sense, 5-TTC
ATT CTG TCT TCT AAC TGG-3' to detect the Pstl-CYP2E1 polymorphism; and sense, 5-TAG
GAG TCT TGT CTC ATG CCT-3' and anti-sense 5'-CAG TGA AGA GGT GTA GCC GCT-3' for the
Mspl-CYP1A1 polymorphism. The products of the CYP2E1 and CYP1A1 polymorphisms were
digested with the Pstl and Mspl restriction enzymes, respectively. The Pstl-CYP2E1 polymorphism
produced a 410-bp fragment in the presence of the c7 allele, and 290- and 120-bp fragments in the
presence of the ¢2 polymorphic allele. The polymorphic Mspl-CYP1A1 gene produced a 340-bp
fragment in the presence of the wt allele and 206- and 134-bp fragments in the presence of the m1
polymorphic allele.

The data were statistically analyzed using the Minitab computer program for Windows
(Version 14). The allele and genotype frequencies were calculated, and the chi-square test was
used to analyze the Hardy-Weinberg equilibrium. The groups were compared by gender, age,
smoking habit, drinking habit, and the presence of polymorphisms. Multiple-logistic regression
models were used to determine the association between the genetic polymorphisms and SCRC.
These models included factors such as the gender (reference: female), age (reference: <44 years;
median) smoking habit (reference: non-smokers), drinking habit (reference: non-drinkers), and
polymorphisms (reference: wild-type homozygote genotypes).

The clinical and histopathological parameters were also analyzed by multiple-logistic
regression. Extensions of the tumor were classified as small (T1, T2) and large (T3, T4). The N
classification was dichotomized into no lymph node involvement (NO) and lymph node involvement
(N1, N2, and N3).

The CYP2E1 c1c1 and CYP1A1 wt/wt genotypes were used as a reference (Risk 0) for
the analysis of combined genotypes. The CYP2E1 c1c1 and CYP1A1 wt/m1 or CYP2E1 c1c2 and
CYP1A1 wt/wt genotypes (wild-type homozygote and heterozygote) were classified as risk 1; the
CYP2E1c1c1and CYP1A1 m1/m1genotype (wild-type homozygote and polymorphic homozygote)
was defined as risk 2 (in this case, the CYP2E1 c2c2 and CYP1A1 wt/wt combination was not
possible because of the absence of the CYP2E1 c2c2 genotype in the sample); CYP2E1 c1c2
and CYP1A1 wt/m1 (both heterozygote genotypes) was classified as risk 3; and the CYP2E1 c1c2
and CYP1A1 m1/m1 genotype (heterozygote and polymorphic homozygote); or two polymorphic
genotypes) was classified as risk 4 (in this case, the CYP2E1 c2c2 and CYP1A1 m1/m1or CYP2E1
c2c2 and CYP1A1 wt/m1 combinations did not occur because of the absence of the CYP2E1 c2c2
genotype in the sample).
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P values <0.05 were considered to be statistically significant. The results are reported as
odds ratio (OR) and 95% confidence intervals (95%Cl).

RESULTS

The analysis showed statistically significant differences between patients and controls with
respect to the male gender (OR = 0.19; 95%CI = 0.08-0.46; P < 0.001) and age 244 years (OR =
96.84, 95%CI = 21.78-430.49; P < 0.001). The patients and controls did not differ significantly with
respect to the smoking habit (OR = 1.36, 95%CI = 0.63-2.93; P = 0.436) and alcohol consumption
(OR =0.89, 95%CI = 0.40-1.97; P = 0.771). The evaluated polymorphisms were not associated
with SCRC (Pstl-CYP2E1: OR = 0.93, 95%CI = 0.30-2.85; P = 0.897; Mspl-CYP1A1: OR = 0.75,
95%Cl = 0.35-1.61; P = 0.463) (Table 1).

Table 1. Distribution of gender, age, risk factors, Pstl-CYP2E1, and CYP1A1-Mspl genotypes between patients
and controls in CRC odds ratio (OR).

Variables Patients [N (%)] Controls [N (%)] Multiple-logistic regression
OR (95%Cl) P

No. of individuals 74 199
Age (median)

<44 years 2(27) 133 (66.8) Reference

244 years 72 (97.3) 66 (33.2) 96.84 (21.78-430.49) <0.001*
Gender

Female 34 (45.9) 45 (22.6) Reference

Male 40 (54.1) 154 (77.4) 0.19 (0.08-0.46) <0.001*
Smoking habit

Non-smokers 41 (44.6) 116 (58.3) Reference

Smokers 33 (55.4) 83 (41.7) 1.36 (0.63-2.93) 0.436
Drinking habit

Non-drinkers 47 (63.5) 108 (54.3) Reference

Drinkers 27 (36.5) 91 (45.7) 0.89 (0.40-1.97) 0.771
Genotypes
Pstl-CYP2E1

clet* 66 (89.2) 171 (85.9) Reference

c1c2 and c2c2** 8(10.8) 28 (14.1) 0.93 (0.30-2.85) 0.897
Mspl-CYP1A1

witlwt* 54 (73.0) 129 (64.8) Reference

wtim1 and m1/m1** 20 (27.0) 70 (35.2) 0.75 (0.35-1.61) 0.463

Adjusted for age, gender, tobacco usage, and alcohol consumption. P < 0.05 was considered to be significant in a
multiple-logistic regression model. 2Bold values indicate P < 0.05. *Wild type. **Mutant.

The genotypic distributions (Table 2) of Pstl-CYP2E1 were observed to be in Hardy-
Weinberg equilibrium (HWE) in both groups (case: y* = 0.2416; P = 0.6230, and control: y? =
1.1396; P = 0.2857); the genotypic distributions of Mspl-CYP1A1 were in equilibrium in the case
group, and disequilibrium in the control group (case: x> = 1.1538; P = 0.2827 and control: 2 =
6.2501; P = 0.0124).

Multiple-logistic regression analyses of the polymorphisms with clinical histopathological
parameters did not detect any association between the tumor extension and lymph node
involvement (Table 3).

The genotypes were combined and the group with zero risk alleles was used as the reference.
We did not observe a statistically significant increase in SCRC risk with the number of risk alleles (risk
1-0OR =0.91; 95%CI = 0.42-1.99; P = 0.817; risk 2 - OR = 0.57; 95%CI = 0.10-3.11; P = 0.512; risk
3 - OR =1.00; 95%CI = 0.08-12.19; P = 0.998; risk 4 - OR = 0.20; 95%CI = 0.01-3.89; P = 0.290).
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Table 2. Allele and genotype frequencies of both polymorphisms in patient and control groups.

Patients Controls
Pstl-CYP2E1
Allele frequencies
ct 0.95 0.93
c2 0.05 0.07
Genotype frequencies
clct 0.89 0.86
c1c2 0.11 0.14
c2c2 0.00 0.00
Mspl-CYP1A1
Allele frequencies
wt 0.84 0.79
m1 0.16 0.21
Genotype frequencies
wt/wt 0.73 0.65
wt/m1 0.23 0.28
m1/m1 0.04 0.08

Table 3. Distribution of the clinico-histopathological parameters with respect to the CYP2E1 (Pstl) and CYP1A1
(Mspl) polymorphisms.

Polymorphisms Tumor extension N involvement
TO/T1/T2 T3/T4 NO N1, N2, N3

Pstl-CYP2E1 genotype c1ct (Ref) [N (%)] 11 (19.3) 38 (66.7) 29 (50.9) 7(12.3)

c1c2and c2¢2 [N (%)] 2(3.5) 6 (10.5) 20 (35.1) 1(1.7)
OR (CI95%, P value) 1.00 (Ref) 0.43 (0.06-3.15, 0.408) 1.00 (Ref) 0.29 (0.03-2.89, 0.294)
Mspl-CYP1A1 genotype wilwt (Ref) [N (%)] 10 (17.5) 3(5.3) 29 (50.9) 13 (22.8)

wtim1 and m1/m1 [N (%)] 32 (56.1) 12 (21.1) 7(12.3) 8 (14.0)
OR (CI95%, P value) 1.00 (Ref) 0.79 (0.16-3.87, 0.774) 1.00 (Ref) 3.28 (0.84-12.88, 0,088)

P <0.05 was considered to be significant in a multiple-logistic regression model; OR = odds ratio; Cl = confidence interval.

DISCUSSION

The results showed that individuals aged 44 and over are more susceptible to SCRC,
which corresponded with the data reported by previous studies; this also indicated that SCRC is
more common among older people (Diniz and Lacerda-Filho, 2004; INCA, 2015). We also observed
that male subjects were less susceptible to SCRC. The literature have showed that the SCRC is
most common in women than in men, particularly above 65 years old, indicating the importance of
screening this disease in women with advanced age (Kim et al., 2015).

Our study found no association between cancer risk and tobacco usage and alcohol
consumption. However, previous studies have associated SCRC with smoking (Chao et al., 2000;
Bhattacharya et al., 2014) and alcohol (Seitz et al., 2005; Bhattacharya et al., 2014).

The HWE analysis conducted in our study showed that the Mspl-CYP1A1 gene was in
disequilibrium in the control group. Case-control studies analyzing SNPs have shown a departure
from HWE in the patient or control groups, or in both groups (Wittke-Thompson et al., 2005).

In our study, the evaluated polymorphisms were not significantly associated with SCRC.
We also found no association between polymorphisms and tumor extension and lymph node
involvement. A major limitation of this study was the small sample size and low incidence or lack
of polymorphic homozygous genotypes which may decrease the statistical power and compromise
the analysis and investigation of potential genotypic combinations that influence the risk of SCRC.
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Ye and Parry (2002) analyzed United Kingdom Caucasians (82 controls and 41 cases)
and reported similar results to ours for Mspl-CYP1A1 polymorphism. Other case-control studies
performed in large sample sizes of North-America (Slattery et al., 2004), Australia (Butler et al.,
2001), and Spanish (Landi et al., 2005) also did not discover an association between the Mspl-
CYP1A1 polymorphisms and SCRC risk. Contrary to our findings, the study conducted by Yoshida
et al. (2007) on an Asian population, comprising 66 cases and 121 controls, reported an association
between the Mspl-CYP1A1 polymorphism and SCRC. This association also was observed in a
study with relatively large sample size (500 cases and 500 controls) in the Hungarian population
(Kiss et al., 2007) and confirmed in the meta-analysis by He et al. (2014).

Regarding to Pstl-CYP2E1 polymorphism, previous study performed with Hungarian
population successfully established an association between the c2 allele and SCRC susceptibility
(Kiss et al., 2007), which differed from the results of our studies. On the other hand, according to
our findings, two other studies performed in Australian (Butler et al., 2001) and Spanish (Landi et
al., 2005) populations also found no association between this polymorphism and SCRC.

To our knowledge, no other studies evaluated the clinical histopathological parameters of
SCRC with respect to the polymorphisms analyzed in this study. Tan et al. (2011) evaluated the
association between the Pstl-CYP1A1 polymorphism and the histopathological characteristics of
lung cancer; however, no such association was found.

The discrepancy between these studies may be a result of differences in several variables,
such as ethnicity and gender of the study subjects, epidemiological factors, and study design. There-
fore, further studies are required for a better understanding of the factors involved in SCRC etiology.

CONCLUSION

Our study show that individuals aged 44 years and above are more susceptible to SCRC,
while men are less susceptible. Polymorphisms in the CYP2E1 (Pstl) and CYP1A1 (Mspl) genes
are not associated with SCRC in the evaluated Brazilian population.

Conflicts of interest

The authors declare no conflict of interest.
ACKNOWLEDGMENTS

The authors are grateful to “Fundacdo de Amparo a Pesquisa do Estado de Séo
Paulo” - FAPESP (Process #2011/23969-1, #2012/02473-0 and #2012/00130-9), “Coordenagao
de Aperfeicoamento de Pessoal de Nivel Superior” - CAPES, and “Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico” - CNPq for the financial support, and FAMERP/
FUNFARME for the institutional support; in addition, the authors would like to thank Ana Livia Silva
Galbiatti (MSc) for her assistance with the statistical analyses, and Marcelo Maia Caixeta de Melo
(MSc) for his specialist advice on coloproctology.

REFERENCES

Ahrendt SA, Chown JT, Yang SC, Wu L, et al. (2000). Alcohol consumption and cigarette smoking increase the frequency of

Genetics and Molecular Research 14 (4): 17856-17863 (2015) ©FUNPEC-RP www.funpecrp.com.br



Pstl-CYP2E1/Mspl-CYP1A1 polymorphisms in SCRC 17863

p53 mutations in non-small cell lung cancer. Cancer Res. 60: 3155-3159.

Bhattacharya S, Bhattacharya S, Basu R, Bera P, et al. (2014). Colorectal cancer: a study of risk factors in a tertiary care
hospital of north bengal. J. Clin. Diagn. Res. 8: FC08-FC10.

Butler WJ, Ryan P and Roberts-Thomson IC (2001). Metabolic genotypes and risk for colorectal cancer. J. Gastroenterol.
Hepatol. 16: 631-635.

Chao A, Thun MJ, Jacobs EJ, Henley SJ, et al. (2000). Cigarette smoking and colorectal cancer mortality in the cancerprevention
study Il. J. Natl. Cancer Inst. 92: 1888-1896.

Cury NM, Russo A, Galbiatti AL, Ruiz MT, et al. (2012). Polymorphisms of the CYP1A1 and CYP2E1 genes in head and neck
squamous cell carcinoma risk. Mol. Biol. Rep. 39: 1055-1063.

Diniz BSO and Lacerda-Filho A (2004). Screening of colorectal cancer in low risk asymptomatic patients. Rev. Med. Minas
Gerais 14: 46-52.

Dolatkhah R, Somi MH, Bonyadi MJ, Asvadi Kermani I, et al. (2015). Colorectal cancer in iran: molecular epidemiology and
screening strategies. J. Cancer Epidemiol. 2015: 643020.

Gertig DM and Hunter DJ (1998). Genes and environment in the etiology of colorectal cancer. Semin Cancer Biol. 8: 285-298.

Giacosa A, Rondanelli M, Cena H, Frascio F, et al. (2002). Diet and colorectal cancer risk: current views. Ann. Gastroenterol.
15: 324-332.

Hatagima A (2002). Genetic polymorphisms and metabolism of endocrine disruptors in cancer susceptibility. Cad. Saude
Publica 18: 357-377.

Hayashi S, Watanabe J and Kawajiri K (1991). Genetic polymorphisms in the 5'-flanking region change transcriptional regulation
of the human cytochrome P450IIE1 gene. J. Biochem. 110: 559-565.

He XF, Wei W, Liu ZZ, Shen XL, et al. (2014). Association between the CYP1A1 T3801C polymorphism and risk of cancer:
evidence from 268 case-control studies. Gene 534: 324-44.

INCA (Instituto Nacional do Cancer). [Internet]. Accessed April 9, 2015. Available at [http://www.inca.gov.br].

Kim SE, Paik HY, Yoon H, Lee JE, et al. (2015). Sex- and gender-specific disparities in colorectal cancer risk. World J.
Gastroenterol. 21: 5167-5175.

Kiss I, Orsés Z, Gombos K, Bogner B, et al. (2007). Association between allelic polymorphisms of metabolizing enzymes (CYP
1A1, CYP 1A2, CYP 2E1, mEH) and occurrence of colorectal cancer in Hungary. Anticancer Res. 274C: 2931-2937.

Landi S, Gemignani F, Moreno V, Gioia-Patricola L, et al. (2005). A comprehensive analysis of phase | and phase Il metabolism
gene polymorphisms and risk of colorectal cancer. Pharmacogenet. Genomics 15: 535-546.

Miller SA, Dykes DD and Polesky HF (1998). A simple salting out procedure for extracting DNA from human nucleated cells.
Nucleic Acids Res. 16: 1215.

Santos Junior JCM (2007). Anal canal and colorectal cancer: current features: Il - colorectal cancer - risks factors and
prevention. Rev. Bras. Coloproct. 27: 459-473.

Seitz HK, Maurer B and Stickel F (2005). Alcohol consumption and cancer of the gastrointestinal tract. Dig. Dis. 23: 297-303.

Shah PP, Saurabh K, Pant MC, Mathur N, et al. (2009) Evidence for increased cytochrome P450 1A1 expression in blood
lymphocytes of lung cancer patients. Mutat. Res. 670: 74-8.

Slattery ML, Samowtiz W, Ma K, Murtaugh M, et al. (2004). CYP1A1, cigarette smoking, and colon and rectal cancer. Am. J.
Epidemiol. 160: 842-852.

Tan C, Xu HY, Zhang CY, Zhang H, et al. (2011). Effect of CYP1A1 MSPI polymorphism on the relationship between TP53
mutation and CDKN2A hypermethylation in non-small cell lung cancer. Arch. Med. Res. 42: 669-676.

UICC (Uniado Internacional Contra o Cancer) (2004). TNM: Classificacdo de Tumores Malignos 6th ed. Ministério da Saude,
Instituto Nacional do Céancer, Rio de Janeiro. [http://www1.inca.gov.br/tratamento/tnm/tnm2.pdf]. Accessed 2012 Jun 3.

Wittke-Thompson JK, Pluzhnikov A and Cox NJ (2005). Rational inferences about departures from Hardy-Weinberg equilibrium.
Am. J. Hum. Genet. 76: 967-986.

Ye Z and Parry JM (2002). Genetic polymorphisms in the cytocrome P450 1A1, glutathione Stransferase M1 and T1, and
susceptibility to colon cancer. Teratog. Carcinog. Mutagen. 2: 385-392.

Yoshida K, Osawa K, Kasahara M and Miyaishi A (2007). Association of CYP1A1, CYP1A2, GSTM1 and NAT2 gene
polymorphisms with colorectal cancer and smoking. Asian Pac. J. Cancer Prev. 8: 438-444.

Zain RB (2001) Cultural and dietary risk factors of oral cancer and precancer - a brief overview. Oral Oncol. 37: 205-210.

Zampino MG, Labianca R, Beretta GD, Magni E, et al. (2009) Rectal cancer. Crit. Rev. Oncol. Hematol. 70: 160-182.

Zhang JY, Wang Y and Prakash C (2006). Xenobiotic-metabolizing enzymes in human lung. Curr. Drug Metab. 7: 939-948.

Zhou GW, Hu J and Li Q (2010). CYP2E1 Pstl/Rsal polymorphism and colorectal cancer risk: A meta analysis. World J.
Gastroenterol. 16: 2949-2953.

Genetics and Molecular Research 14 (4): 17856-17863 (2015) ©FUNPEC-RP www.funpecrp.com.br



