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Abstract

AIM: To investigate the possible association between
meat intake, cigarette smoking and N-acetyltransferase
2 (NAT2) genetic polymorphisms on colorectal cancer
(CRC) risk.

METHODS: Patients with CRC were matched for gen-
der and age to healthy controls. Meat intake and ciga-
rette smoking were assessed using a specific frequency
questionnaire. DNA was extracted from peripheral blood
and the genotypes of the polymorphism were assessed
by polymerase chain reaction-restriction fragment length
polymorphism. Five NAT2 alleles were studied (WT, M1,
M2, M3 and M4) using specific digestion enzymes.

RESULTS: A total of 147 patients with colorectal cancer
(76 women and 90 men with colon cancer) and 212 con-
trols were studied. The mean age of the two groups was
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62 years. More than half the subjects (59.8% in the case
group and 51.9% in the control group) were NAT2 slow
acetylators. The odds ratio for colorectal cancer was 1.38
(95% CI: 0.90-2.12) in slow acetylators. Although the
number of women was small (7 = 76 in the case group),
the cancer risk was found to be lower in intermediate (W/
Mx) acetylators [odds ratio (OR): 0.55, 95% confidence
interval (95% CI): 0.29-1.02]. This difference was not
observed in men (OR: 0.56, 95% CI: 0.16-2.00). Among
NAT2 fast acetylators (W/W or W/Mx), meat consump-
tion more than 3 times a week increased the risk of
colorectal cancer (OR: 2.05, 95% CI: 1.01-4.16). In con-
trast, cigarette smoking increased the risk of CRC among
slow acetylators (OR: 1.97, 95% CI: 1.02-3.79).

CONCLUSION: The risk of CRC was higher among fast
acetylators who reported a higher meat intake. Slow
NAT2 acetylation was associated with an increased
risk of CRC.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common can-
cers in the wortld. In Brazil, 13310 new cases in men and
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14800 in women are estimated to occur in 2010

N-acetyltransferase 2 (NAT2) is an enzyme found in
a large number of organs such as the lungs, colon, breast,
prostate, and liver. The expression of this enzyme sug-
gests that it plays a key role in the protection against reac-
tive molecules resulting from environmental insults not
only in the liver but in all target tissues”. The NAT2 gene
is located in the chromosome 8p22 region and has no
introns. The gene contains an 870-bp open reading frame
and encodes a protein of 290 amino acids™. It is an im-
portant phase I enzyme that catalyzes the acetylation of
aromatic and heterocyclic amines and hydrazines present
in carcinogenic compounds and medicines. Individuals
can be divided into three different phenotypes based on
the acetylation activity of NAT?2: fast, intermediate, and
slow. These phenotypes are determined by single nucleo-
tide polymorphisms in NAT2".

Some NAT?2 polymorphisms have been consistently
associated with a reduction in acetylation activity (e.g.
T*'C). The functional state of the phenotype is due to the
impairment of protein translation or stability. No changes
in mRNA levels are detected. For several polymorphisms,
the classification as “fast” or “slow” is not final”.

The probability of developing cancer depends on the
natural response of each organism to different aggres-
sive agents. Humans present different susceptibilities to
carcinogens[6’7]. This difference in susceptibility to various
environmental aggressors is related to genetic polymoz-
phisrnsm.

Studies have associated meat consumption with an
increased risk of CRC". Red meat, especially meat that is
well done, is a soutrce of chemical carcinogens such as het-
erocyclic aromatic amines, polycyclic aromatic hydrocar-
bons, and other products. The fast acetylation genotype is
probably related to larger amounts of metabolic activators
of heterocyclic aromatic amines when compared to the
slow NAT?2 acetylation genotype. Metabolic activators are
transported to colorectal tissues through the bloodstream,
causing DNA damage and mutations in tumor suppressor
genes involved in the carcinogenesis of CRC".

The association between genetic polymorphisms in
the NAT2 gene and CRC has been studied extensively;
however, the results are not conclusive, possibly because
of ethnic differences and differences in the lifestyle and
number of patients studied. The proportion of fast and
slow acetylation phenotypes varies markedly depending on
ethnicity and geographic origin[“]. Thus, there is an urgent
need for studies investigating the distribution of NAT2
genotypes in different countries.

The aim of the present study was to investigate NAT2
polymorphisms in Brazilian patients from Siao Paulo.

MATERIALS AND METHODS

A case-control study involving 147 patients with CRC and
212 healthy subjects was catried out between March 2008
and December 2009. All patients were born in Brazil and
were treated at the Oncology Division, Department of
Gastroenterology, University Hospital, Universidade Fed-
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eral de Sao Paulo (UNIFESP). The study was approved
by the Ethics Committee of UNIFESP and all patients
signed an informed consent form.

The patients answered a questionnaire regarding
food habits and food frequency, whether they were cur-
rent or former cigarette smokers, and their pattern of
alcohol consumption.

Peripheral blood was collected for genomic DNA ex-
traction. The NAT2 gene polymorphisms were investi-
gated by the polymerase chain reaction (PCR)-restriction
fragment length polymorphism genotyping technique.

DNA extraction
Leukocyte DNA was extracted from peripheral venous

blood collected with ethylenediaminetetraacetic acid using
the Invisorb® Spin Blood Mini Kit.

Analysis of NAT2 genetic polymorphisms

The genotypes of the NAT2 polymorphism were analyzed
as described previouslym. Genomic DNA was ampli-
fied using the following primers: 5-GGAACAAATTG-
GACTTGG-3" and 5'-TCTAGCATGAATCACTCT-
GC-3'. After amplification, the PCR product was digested
with Kpnl (M1 allele), BamHI (M3 allele) and MsplI/Alul
(M4 allele), and with Taql (M2 allele). The digestion prod-
ucts were separated on agarose gels stained with ethidium
bromide, and were then visualized under UV light“ij. The
W/W and W/MX genotypes were classified as confertring
the fast acetylation phenotype and the Mx/MX genotype
as conferring the slow acetylation phenotype.

Statistical analysis

The Student ~test was used for the comparison of age be-
tween groups. Differences in the polymorphisms between
the two groups were determined by the X2 test. This test
was also used to compare clinical variables between NAT2
genotypes and alleles in the group of cancer patients. The
association between the risk of developing cancer and
these variables was assessed by calculating the odds ratio
(OR) and 95% confidence interval (95% CI). A P value <
0.05 was considered to be statistically significant and a P
value of 0.05 to 0.10 was considered to be marginally sig-
nificant.

RESULTS

A case-control study including 147 patients with CRC and
212 healthy controls was conducted to determine whether
NAT?2 genetic polymorphisms are associated with the
development of this disease. The characteristics of the
cancer patients and controls are shown in Table 1. No dif-
ference in age or gender was observed between groups.
Among the 147 patients with cancer, 90 (61.2%) had co-
lon cancer and 57 (38.8%) had rectal cancer. According
to the TNM classification, most patients were stage Il
(44.2%) or stage Il (26.5%).

Four different NAT?2 alleles were found, including the
wild type (WT) and the M1, M2 and M3 polymorphisms.
The M4 allele was not detected. Among healthy control
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Parameters Patients Control P
Age (yr, £ DP) 61.9 (13.6) 62.0 (13.4) 0.96"
<50 30 (20.4) 31 (14.6) 0.196"
>5 17 (79.5) 181 (85.4)
Gender
Male 71 (48.3) 85 (40.1) 015"
Female 76 (51.7) 127 (59.9) :
Tumor site
Colon 90 (61.2)
Rectum 57 (38.8)
Stage
I 23 (15.6)
il 65 (44.2)
i 39 (26.5)
\Y 20 (13.6)

°t test; "y’ test.

subjects, the observed genotype frequency of the NAT?2
polymorphisms were consistent with the expected fre-
quency of the Hardy-Weinberg equilibrium (P = 0.506),
suggesting that the distribution of NAT2 genotypes is
adequate in the cancer-free population.

The slow acetylation phenotype predominated in the
two groups (59.8% in the case group and 51.9% in the
control group). No significant differences in the frequency
of the NAT2 polymorphisms were observed between
groups (Table 2).

The odds ratio for CRC was 1.38 (95% CI: 0.90-2.12)
in slow acetylators. The M1 allele was the most frequent
allele in the two groups, with a frequency of 45% in the
control group and of 44.5% in the case group, followed
by the WT allele (28% in the control group and 25.1% in
the case group).

No significant association was observed between NAT2
polymorphism and acetylation phenotype or tumor site.
Compatison of patients in TNM stage 1 or II »s stage Il
or IV showed a higher frequency of the slow acetylation
phenotype in stage | and II patients (60.1%).

Analysis of red meat intake showed that half of the
subjects consumed red meat more than 3 times a week.
Subjects with the fast acetylation phenotype who consumed
meat more than 3 times a week presented an increased risk
of CRC (OR: 2.05, 95% CI: 1.01-4.16) (Table 3). With re-
spect to cigarette smoking, the number of ex-smokers was
marginally higher in the cancer group. Cigarette smoking in-
creased the tisk of CRC among slow acetylators (Mx/Mx)
(OR: 1.97, 95% CI: 1.02-3.79) (Table 4).

DISCUSSION

CRC is one of the most common cancers. Almost 70% of
CRC patients are diagnosed at age 65 years or older"”, Most
of the subjects studied here were women (z = 76, 51.7%),
and the mean age was 61.9 years. These findings agree with
data published by the Brazilian National Cancer Institute!".
According to the Annual Report to the Nation on the
Status of Cancer, prostate cancer is the most frequent

cancer among men, followed by lung, colon and rectal

(49

Boishidengs  WIG | www.wjgnet.com

762

cancer, except for Latin America where the incidence of
CRC is slightly higher than that of lung cancer. Among
women, the most frequent cancer is breast cancer, fol-
lowed by lung cancer and CRC™,

Vatiations in the frequency of NAT2 genotypes/phe-
notypes among different populations and ethnic groups
have been reported in several studies catrried out in dif-
ferent regions around the world. In this respect, a high
frequency of the slow acetylator phenotype is observed
in populations of European and African descent. Other
populations are characterized by a high frequency of fast
acetylation phenotypes, such as Japanese, Chinese and
Amerindians"*"",

In the present study, the slow acetylation phenotype
was slightly more frequent in the two groups, although the
difference was not statistically significant. However, when
divided by gender, the fast acetylation phenotype tended
to be more common among women. The M1 allele was
the most frequent allele in the two groups (45% in the
control group and 44.5% in the case group), followed by
the WT allele (28% in the control group and 25.1% in the
case group). The M4 allele was not detected. These data
are consistent with the literature, which indicates a dif-
ference in the frequency of the WT, M1 and M4 alleles
between Caucasians and Africans, whereas the frequency
of the M2 and M3 alleles is similar. The M4 allele is de-
tected at a rate of less than 1% in Caucasians, whereas its
frequency is 18% in the African population[g’”’1 !

No significant difference in NAT2 polymorphism
or acetylation phenotype was observed between tumor
sites. Analysis according to TINM stage showed that the
slow acetylation phenotype was more frequent among
stage | or II patients (60.1%) compared to stage Il or
IV. This finding might be explained by the fact that the
NAT? fast acetylation phenotype activates carcinogens and
produces mutations more quickly, resulting in aggressive
tumors. However, these findings should be analyzed care-
fully because of the small number of patients participating
in the present study.

For a long time, genetic susceptibility to cancer has
been attributed to xenobiotic exposure. This view was
mainly due to the fact that the molecular mechanisms in-
volved in carcinogenesis were not known. However, this
view has changed over recent years with the advances in
molecular biology. It is now known that exposure to xe-
nobiotics and the development of cancer vary among in-
dividuals because of variations that occur at the molecular
level which, in turn, are under genetic control"”. In recent
studies, lifestyle habits including alcohol and tobacco use
and dietary habits (i.e. adequate protein and fiber intake)
have been associated with gene mutations in an attempt to
obtain more consistent results regarding cancer risk fac-
tors and prognosis. Although currently available data are
controversial due to ethnic differences and differences in
lifestyle, this has been the best approach to better under-
stand carcinogenesis at the molecular level.

Smoking has been associated with several types of
cancer other than lung cancer, including cancer of the oral
cavity, pancreas, and kidney™. A recently published meta-
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Table 2 Distribution of N-acetyltransferase 2 polymorphism and the risk of cancer

Genetic polymorphism NAT2? Cancer, n (%) Control, n (%) P OR (95% CI)

All 147 212
Mx/Mx 88 (59.8) 110 (51.9) 0.19 1
W/Mx 44 (30.0) 83 (39.1) 0.66 (0.42-1.05)
WW 15 (10.2) 19 (8.9) 0.99 (0.47-2.05)
Slow 88 (59.8) 110 (51.9) 0.17 138 (0-2.12)
Fast 59 (40.1) 102 (48.1)

Female 76 127
Mx/Mx 42 (55.2) 58 (45.6) 0.07 1
W/Mx 23 (30.2) 58 (45.6) 0.55 (0.29-1.02)
WW 11 (14.4) 11 (8.6) 1.38 (0.55-3.48)
Slow 42 (55.2) 58 (45.6) 0.24 1.47 (0.83-2.60)
Fast 34 (44.7) 69 (54.3)

Male 71 85
Mx/Mx 46 (64.8) 52 (61.1) 0.67 1
W/Mx 21 (29.5) 25 (29.4) 0.95 (0.47-1.92)
WW 4(5.6) 8(9.4) 057 (0.16-2.00)
Slow 46 (64.7) 52 (61.1) 076 0.86 (0.45-1.65)
Fast 25 (35.2) 33 (38.9)

‘Homozygous individuals with genotype W/W, and heterozygote W/Mx, are grouped into fast acetylation phenotype, while homozygous Mx/Mx are

grouped in slow acetylators. The percentages of data are in parentheses. NAT2: N-acetyltransferase 2; OR: Odds ratio; 95% CI: Confidence interval.

Table 3 Comparison between meat intake and risk of of can-

cer in rapid acetylator patients 7 (%)

Table 4 Correlation between genotypes and risk for cancer

in smokers or ex-smokers

Cancer Control P OR  Lower™* </ Genetic Cancer,  Control, P OR (95% CI)
upper polymorphism n (%) n (%)
All 59 102 NAT2*
High meat intake! 44 (74.5) 60 (58.8) 006 205  1.01/4.16 All 65 87
Low meat intake® 15 (25.5) 42 (41.2) Mx/Mx 40 (61.5) 39 (44.8) 0.09 1
W/Mx 22(33.8) 39 (44.8) 1.82 (0.92-3.60)
"More than 3 time per week; *Less than 3 times a week. OR: Odds ratio; Ww 3 (4.6) 9 (10.3) 3.08 (0.77-12.22)
95% CI: Confidence interval. Slow 40 (61.5) 39 (44.8) 0.06 1.97 (1.02-3.79)
Fast 25(38.5) 48 (61.0)

analysis reported a strong association between smoking
and the development of CRC'"”. However, smoking is
currently not recognized as a risk factor for CRC by the
International Agency for Research on Cancer IARC) or
the US Surgeon General”. Sorensen ez a/”! studied the
association between NAT1 and NAT2 polymorphisms,
smoking, meat consumption and CRC risk in 379 cancer
patients and 769 healthy subjects. In that study, only the
NAT1 polymorphism affected cancer risk. However, the
NAT1 and NAT?2 fast acetylation phenotype increased the
risk of CRC among patients who smoked more cigarettes,
suggesting that N-acetylation status affects the relation-
ship between smoking and CRC risk.

In the present study, most subjects in the two groups
had never smoked, but the rate of ex-smokers was higher
in the case group than in the control group. Once diag-
nosed with cancer, individuals tend to break old habits
that may affect the prognosis and treatment of the disease
even if it is not possible to reverse the previous damage.
The slow acetylation phenotype was more frequent among
smokers of the case group, suggesting an increased risk
of cancer (OR: 1.97, 95% CI: 1.02-3.79) in subjects with
this phenotype. A higher frequency of the slow acetyla-
tion phenotype among patients with lung and bladder can-
cer has been demonstrated in other studies. Catrcinogens
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*Homozygous individuals with genotype W/W, and heterozygote W/Mx,
are grouped into fast acetylation phenotype, while homozygous Mx/Mx
are grouped in slow acetylators. NAT2: N-acetyltransferase 2; OR: Odds
ratio; 95% CI: Confidence interval.

present in tobacco are metabolized by NAT enzymes and
activation of these enzymes is reduced in slow acetylators,
thus increasing the risk of cancer™

An association between red meat consumption and
a higher risk of CRC has been reported in case-control
studies, prospective epidemiological studies and in a re-
cent meta-analysis”™. The last study suggested that this
increased risk is due to the production of polycyclic aro-
matic hydrocarbons and heterocyclic amines when meat is
cooked at high temperatures”*,

Tamer ¢z al”, studying 125 patients with CRC and 82
healthy subjects, observed an association between NAT2
polymorphisms and cancer development. In that study,
high protein intake was found to be correlated with an in-
creased risk of colon cancer (OR: 1.73, 95% CI: 1.10-3.07).
Patients with the NAT2 * 14A (M4 allele) fast acetylation
phenotype and high meat intake presented an increased
risk of CRC (OR: 3.03, 95% CI: 1.56-5.806). In the present
study, the risk of cancer was higher among patients con-
suming meat more than 3 times per week (OR: 1.65, 95%
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CI: 1.05-2.61). The risk of CRC was increased among
patients presenting the fast acetylator genotypes (W/W or
W/Mx) and a high frequency of meat intake (OR: 2.05,
95% CI: 1.01-4.16).

Heterocyclic amines are formed when meat is cooked
by the condensation of creatinine with amino acids. The
NAT?2 fast acetylation phenotypes are more readily able to
convert N-hydroxy heterocyclic amines into carcinogens,
a fact predisposing to cancet. Thus, heterocyclic amines
require metabolic activation to induce DNA mutations
and to initiate carcinogenesis. After N-oxidation, N-hy-
droxy aromatic and heterocyclic amines are activated (via
O-acetylation) by NAT to acetoxy intermediates, which
react spontaneously with DNA to form adducts”*". The
increased cancer risk observed in patients with the NAT2
fast acetylation phenotype and high meat consumption
suggests that heterocyclic amines mediated by metabolic
activation of NAT?2 fast acetylation might be important
carcinogens and increase the risk of cancer.

In conclusion, the proportion of subjects with the slow
acetylation phenotype was high in this study. No associa-
tion was observed between the risk of CRC and NAT2
polymorphisms. However, the slow acetylation phenotype
increased the risk of CRC in smokers and the fast acetyla-
tion phenotype increased this risk among subjects with
high red meat intake.

COMMENTS

Background

Colorectal cancer (CRC) is considered the fourth leading cause of cancer
worldwide and is one of the most common malignancies in the West. The prob-
ability of developing cancer depends on the natural response of each organism
to different exposures from various aggressors. Humans have different suscep-
tibilities to different carcinogens and lifestyle may be a risk factor for cancer.
The interaction between diet, alcoholism, cigarette smoking, obesity and physi-
cal inactivity can lead to its development.

Research frontiers

The HAAs (present in red meat, tobacco, etc.) are bioactivated through N-oxidation
by the enzymes CYP1A2 in the liver or by CYP1A1/CYP1B1 in extra hepatic tis-
sues. The products of this oxidation are the N-hydroxy-N, which in turn suffer the
bioactivation in the liver by O-acetylation of N-acetyltransferase (NAT) enzymes
(mainly NAT2) and sulfotransferase. NAT2 fast acetylation individuals may have
larger amounts of metabolic activators of HAA than slow acetylation NAT2 sub-
jects that can be transmitted to the colorectal tissues through the bloodstream,
causing DNA damage and mutations.

Innovations and breakthroughs

Previous studies linking meat consumption and colorectal cancer have conclud-
ed that diets rich in meat consumption increase the risk of this disease. In the
case of red meat, the degree of cooking can be a source of exposure to chemi-
cal carcinogens such as heterocyclic amines, nitrosamines and other products.
This study aimed to identify the distribution of NAT2 gene polymorphism in a
Brazilian population from Sao Paulo correlating these polymorphisms and the
phenotypes of NAT2 acetylation with the consumption of red meat, alcohol and
cigarette smoking and the colorectal cancer risk.

Applications

The proportion of people with the phenotype of fast and slow acetylation varies
considerably depending on the ethnicity and geographic origin. This variability
lead to the investigation into the frequency of NAT2 genotypes and the associa-
tion of this polymorphism with colorectal cancer in a Brazilian population of S&o
Paulo. The relationship between the mechanism of acetylation by NAT2 and
susceptibility to colorectal cancer may possibly screen patients who have a higher
risk of developing this disease.
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Terminology

The NAT2 is an important phase I enzyme that catalyzes the acetylation of
heterocyclic aromatic amines and hydrazines, which include carcinogenic com-
pounds and drugs. Based on the activity of NAT2 acetylation, subjects are divided
into three different phenotypes: fast, intermediate and slow. Single nucleotide
polymorphisms in NAT2 determine this phenotype.

Peer review

The authors examined the phenotypes and polymorphisms of NAT2 acetylation on
a case-control study, involving the eating habits and lifestyle as risk modifiers of
colorectal cancer development. The results indicated that cigarette smokers with
slow acetylation phenotype had an increased risk of developing colorectal cancer
and individuals with fast acetylation phenotype intake of red meat increased the
risk of developing the disease. These results are interesting because the study of
NAT2 acetylation may identify individuals with a higher risk of developing CRC in
relation to environmental factors and diet.

REFERENCES

1 INCA. Instituto Nacional do Cancer: banco de dados. Access
February, 2010. Available from: URL: http:/ /www.inca.gov.
br/estimativa/2010

2 Windmill KF, Gaedigk A, Hall PM, Samaratunga H, Grant
DM, McManus ME. Localization of N-acetyltransferases
NAT1 and NAT2 in human tissues. Toxicol Sci 2000; 54: 19-29

3 Blum M, Grant DM, McBride W, Heim M, Meyer UA. Hu-
man arylamine N-acetyltransferase genes: isolation, chromo-
somal localization, and functional expression. DNA Cell Biol
1990; 9: 193-203

4 Walraven JM, Zang Y, Trent JO, Hein DW. Structure/func-
tion evaluations of single nucleotide polymorphisms in hu-
man N-acetyltransferase 2. Curr Drug Metab 2008; 9: 471-486

5 Brockton N, Little J, Sharp L, Cotton SC. N-acetyltransferase
polymorphisms and colorectal cancer: a HuGE review. Am |
Epidemiol 2000; 151: 846-861

6  Vineis P. Cancer as an evolutionary process at the cell level:
an epidemiological perspective. Carcinogenesis 2003; 24: 1-6

7 Lichtenstein P, Holm NV, Verkasalo PK, Iliadou A, Kaprio
J, Koskenvuo M, Pukkala E, Skytthe A, Hemminki K. Envi-
ronmental and heritable factors in the causation of cancer-
-analyses of cohorts of twins from Sweden, Denmark, and
Finland. N Engl ] Med 2000; 343: 78-85

8  Autrup H. Genetic polymorphisms in human xenobiotica
metabolizing enzymes as susceptibility factors in toxic re-
sponse. Mutat Res 2000; 464: 65-76

9 He L], Yu YM, Qiao F, Liu JS, Sun XF, Jiang LL. Genetic

polymorphisms of N-acetyltransferase 2 and colorectal can-

cer risk. World | Gastroenterol 2005; 11: 4268-4271

Pistorius S, Gorgens H, Kriiger S, Engel C, Mangold E,

Pagenstecher C, Holinski-Feder E, Moeslein G, von Knebel

Doeberitz M, Riischoff J, Karner-Hanusch J, Saeger HD,

Schackert HK. N-acetyltransferase (NAT) 2 acetylator status

and age of onset in patients with hereditary nonpolyposis

colorectal cancer (HNPCC). Cancer Lett 2006; 241: 150-157

Garte S, Gaspari L, Alexandrie AK, Ambrosone C, Autrup H,

Autrup JL, Baranova H, Bathum L, Benhamou S, Boffetta P,

Bouchardy C, Breskvar K, Brockmoller J, Cascorbi I, Clapper

ML, Coutelle C, Daly A, Dell'Omo M, Dolzan V, Dresler CM,

Fryer A, Haugen A, Hein DW, Hildesheim A, Hirvonen A,

Hsieh LL, Ingelman-Sundberg M, Kalina I, Kang D, Kihara M,

Kiyohara C, Kremers P, Lazarus P, Le Marchand L, Lechner

MC, van Lieshout EM, London S, Manni JJ, Maugard CM,

Morita S, Nazar-Stewart V, Noda K, Oda Y, Parl FF, Pastorelli

R, Persson I, Peters WH, Rannug A, Rebbeck T, Risch A,

Roelandt L, Romkes M, Ryberg D, Salagovic ], Schoket B, Sei-

degard ], Shields PG, Sim E, Sinnet D, Strange RC, Stticker I,

Sugimura H, To-Figueras ], Vineis P, Yu MC, Taioli E. Meta-

bolic gene polymorphism frequencies in control populations.

Cancer Epidemiol Biomarkers Prev 2001; 10: 1239-1248

Lang K, Korn JR, Lee DW, Lines LM, Earle CC, Menzin J.

10

11

12

February 14, 2011 | Volume 17 | Issue 6 |



13

14

15

16

17

18

19

20

Factors associated with improved survival among older
colorectal cancer patients in the US: a population-based
analysis. BMC Cancer 2009; 9: 227

Edwards BK, Ward E, Kohler BA, Eheman C, Zauber AG,
Anderson RN, Jemal A, Schymura MJ, Lansdorp-Vogelaar
I, Seeff LC, van Ballegooijen M, Goede SL, Ries LA. Annual
report to the nation on the status of cancer, 1975-2006, featur-
ing colorectal cancer trends and impact of interventions (risk
factors, screening, and treatment) to reduce future rates.
Cancer 2010; 116: 544-573

Cavaco I, Reis R, Gil JP, Ribeiro V. CYP3A4*1B and NAT2*14
alleles in a native African population. Clin Chem Lab Med
2003; 41: 606-609

Huang CC, Chien WP, Wong RH, Cheng YW, Chen MC,
Chou MC, Lee H. NAT2 fast acetylator genotype is associ-
ated with an increased risk of colorectal cancer in Taiwan.
Dis Colon Rectum 2007; 50: 981-989

Nebert DW. Transcription factors and cancer: an overview.
Toxicology 2002; 181-182: 131-141

Bell DA, Taylor JA, Butler MA, Stephens EA, Wiest ], Bru-
baker LH, Kadlubar FF, Lucier GW. Genotype/phenotype
discordance for human arylamine N-acetyltransferase (NAT2)
reveals a new slow-acetylator allele common in African-
Americans. Carcinogenesis 1993; 14: 1689-1692

Fretland AJ, Doll MA, Leff MA, Hein DW. Functional charac-
terization of nucleotide polymorphisms in the coding region
of N-acetyltransferase 1. Pharmacogenetics 2001; 11: 511-520
Ferreira CG, Rocha JC. Oncologia Molecular. Sao Paulo: Edi-
tora, 2004

Liang PS, Chen TY, Giovannucci E. Cigarette smoking and
colorectal cancer incidence and mortality: systematic review

(4 9

TR
JBaishideng®

WJG | www.wjgnet.com

765

21

22

23

24

25

26

27

Silva TD et a/. NAT2 and colorectal cancer

and meta-analysis. Int | Cancer 2009; 124: 2406-2415
Serensen M, Autrup H, Olsen A, Tjenneland A, Overvad K,
Raaschou-Nielsen O. Prospective study of NAT1 and NAT2
polymorphisms, tobacco smoking and meat consumption
and risk of colorectal cancer. Cancer Lett 2008; 266: 186-193
Zupa A, Sgambato A, Bianchino G, Improta G, Grieco V,
LA Torre G, Campisi B, Traficante A, Aieta M, Cittadini A.
GSTM1 and NAT?2 polymorphisms and colon, lung and blad-
der cancer risk: a case-control study. Anticancer Res 2009; 29:
1709-1714

Graham S, Dayal H, Swanson M, Mittelman A, Wilkinson G.
Diet in the epidemiology of cancer of the colon and rectum. |
Natl Cancer Inst 1978; 61: 709-714

Cotterchio M, Boucher BA, Manno M, Gallinger S, Okey AB,
Harper PA. Red meat intake, doneness, polymorphisms in
genes that encode carcinogen-metabolizing enzymes, and
colorectal cancer risk. Cancer Epidemiol Biomarkers Prev 2008;
17: 3098-3107

Tamer L, Ercan B, Ates NA, Degirmenci U, Unlii A, Ates C,
Dirlik M, Atik U. N-acetyltransferase 2 gene polymorphism
in patients with colorectal carcinoma. Cell Biochem Funct
2006; 24: 131-135

Hein DW, Doll MA, Fretland AJ, Leff MA, Webb SJ, Xiao
GH, Devanaboyina US, Nangju NA, Feng Y. Molecular ge-
netics and epidemiology of the NAT1 and NAT?2 acetylation
polymorphisms. Cancer Epidemiol Biomarkers Prev 2000; 9:
29-42

Akhter M, Nishino Y, Nakaya N, Kurashima K, Sato Y,
Kuriyama S, Tsubono Y, Tsuji I. Cigarette smoking and the
risk of colorectal cancer among men: a prospective study in
Japan. Eur ] Cancer Prev 2007; 16: 102-107

S- Editor Sun H L- Editor Rutherford A E- Editor Lin YP

February 14, 2011 | Volume 17 | Issue 6 |



