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Abstract. Background: The N-acetyltransferase 2 (NAT2)
gene is a marker for the study of interindividual susceptibility
to developing neoplasias. The purpose of this study was to
verify a possible association between single nucleotide
polymomorphisms (SNPs) of NAT2 and the susceptibility to
gastric cancer (GC) and breast cancer (BC) in patients from
the North region of Brazil. Materials and Methods: Five SNPs
of the NAT2 gene were investigated by direct sequencing.
Ancestry was estimated by analysis of a panel with 48
ancestry-informative markers (AIM). Results: Individuals with
slow acetylation profile had an increased risk of developing
neoplasias up to three times when compared to controls.
Conclusion: In this study, slow acetylation profile was found
to strongly influence susceptibility to GC and BC.

Gastric cancer (GC) is the fourth most common type of
neoplasias worldwide (1, 2) and breast cancer (BC) has the
highest incidence and is the leading cause of female death (2).
In Brazil, GC represents the fifth most common type of tumor
among the male population and BC is the second most
common among the female population (3). Studies of genetic
susceptibility to cancer using single nucleotide polymorphisms
(SNPs) of the genes that encode the enzymes responsible for
the biotransformation of carcinogenic agents may identify the
at-risk population and help to clarify the etiology of a given
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tumor type (4-6). N-acetyltransferase 2 gene is a marker for
the study of interindividual susceptibility to develop
neoplasias; the enzyme NAT?2 takes part in the metabolism of
carcinogenic agents and SNPs of its gene produce enzymes
with different activities, leading to slow or fast acetylation of
xenobiotics, such as aromatic and heterocyclic amines (7-9).
The purpose of this study was to verify a possible association
between SNPS of NAT2 gene and the susceptibility to GC and
BC in patients from the North region of Brazil. An ancestry
genomic assay of case and control samples was carried out to
estimate the individual inter-ethnic admixture for the
volunteers taking part in this study.

Materials and Methods

Study population. The investigated participants were chosen according
to a case control study. The sample cohort consisted of 63 patients
from Jodo de Barros Barreto University Hospital, all of them were
diagnosed with gastric adenocarcinoma, and 70 patients from Ophir
Loyola Hospital, diagnosed with invasive ductal breast carcinoma,
both hospitals located in the city of Belém, Brazil. For both groups,
risk factors related to the development of neoplasias were established,
such as advanced age and gender. For the case group, we also
collected other risk factors for the development of neoplasia, such as
alcoholism and tobaccoism. The study control population was
composed of 89 participants without cancer, living in the North region
of Brazil. The protocol used in this study was approved by the
Committee of Research Ethics from the Jodo de Barros Barreto
University Hospital (protocol number 3505/2004) for gastric cancer
samples and by the Committee of Research Ethics from the Tropical
Medicine Center of Federal University of Pard (protocol number
043/2008) for breast cancer samples. All patients recruited for this
study provided written informed consent to their participation.

Genomic DNA extraction. From each participant, 5 ml of peripheral
blood was collected by using EDTA as anticoagulant. DNA extraction
was carried out according to the method described by Sambrook et al.
(10), with modifications. The concentration of DNA was estimated by
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the use of a GeneQuant RNA/DNA spectrophotometer (Amersham,
Pharmacia Biotech, Cambridge, UK).

Genotyping of NAT2 gene. Five polymorphisms of great importance for
the definition of NAT2 profile (C282T, T341C, C481T, A803G and
G857A) were investigated by direct sequencing of 986 base pairs,
amplified in two reactions, with the following primers: NAT2-1F (5’-
TTA ATT CTC ATC TCC TGC CAA AGA-3’), NAT2-1R (5’-TCA
CTC TGC TTC CCA AGA TAA TCA-3’); NAT2-2F (5’-ATG GAG
TTG GGC TTA GAG GCT AT-3’), NAT2-2R (5’-CTT TGG CAG
GAG ATG AGA ATT AAG A-3"). The choice of the primers was made
by using the software Primer 3 (11). An amplification was carried out in
an ABI Verity thermocycler (Applied Biosystems, Foster City, CA,
USA). The standard protocol used: 20 pmol of each oligonucleotide, 2.5
mM MgCl,, 0.25 mM each dNTP, 3 U Taq polymerase (Invitrogen Life
Technologies, Carlsbad, CA, USA), 10 mM Tris-HCI (pH 8.3), 50 mM
KCl, 100 ng of genomic DNA in a 25 pl reaction volume. Samples were
incubated at 95°C for 3 min, followed by 35 cycles of 94°C for 2 min,
60°C for 1 min and 70°C for 2 min, with a final extension at 70°C for 30
min. Amplification products were analyzed by electrophoresis in 1.5%
agarose gels. PCR products were purified with Purelink kit (Invitrogen
Life Technologies). Sequencing was carried out on an ABI PRISM 3130
Genetic Analyzer (Applied Biosystems). The obtained sequences were
analyzed for the identification of SNP by alignment with the reference
sequence (GenBank accession X14672). The nomenclature of NAT2
genotype is given in accordance with that described in ‘The Consensus
Gene Nomenclature of Human NAT?2 Alleles’ (12).

Estimates of individual inter-ethnic admixture. The population from
the North region of Brazil, the target of this study, is composed of
an inter-ethnic admixture of three ancestry populations: African,
European and Native American (13). In order to avoid spurious
interpretations resulting from the population substructure, we used a
panel with 48 AIMs (13). In this way, we estimated the individual
inter-ethnic admixture and checked the ancestry for the study’s case
and control samples.

Statistical analysis. Allele frequencies at individual loci were
estimated by the Hardy-Weinberg equilibrium exact test was
performed using the GENEPOP software (14). Linkage
disequilibrium estimates (D and D) and the maximum likelihood
estimate of haplotype frequencies were calculated with the software
PHASE v.2.1 (15). Estimates of Individual inter-ethnic admixture
were carried out by using the software Structure v.2.2 (16). All other
statistical analyses were performed by using the statistical software
SPSS v.12.0 (SPSS, Chicago, IL, USA). Group comparisons for
categorical variables were carried out using the y2 test, while
Student’s #-test was used for the analysis of continuous variables.
Odds ratios (OR) and confidence intervals (95% Cls) were also
calculated. Multiple logistic regression analyses were carried out
using the backward model. The comparison of ancestry index
among the samples was carried out by using the Mann Whitney test.
All statistical tests were based on a two-tailed probability, and a p-
value <0.05 was considered significant.

Results

Inter-ethnic admixture estimates in cancer patients and
controls. Figure 1 shows the individual parental ethnic
contribution of case and control groups estimated through 48
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AlIMs. Table I lists the average of ancestries between the
investigated groups. Based on individual ancestry estimates,
it was possible to estimate the averages of such ancestries
among the investigated groups, additionally to testing for
differences. We found statistical differences for African and
European parental contribution when compared between the
cancer and control groups; a higher African contribution was
detected in the study group with cancer and, in the control
group, a higher European contribution was detected
(p<0.001). The Amerindian parental group was not
statistically different when compared to ancestral groups. In
order to control the substructure effects, we made use of the
individual inter-ethnic admixture estimates as interference
factors in statistical analyses of association between genetic
markers and two investigated tumor types.

NAT2 gene SNPs frequencies associated with cancer
susceptibility. Table II describes the frequencies of the five
polymorphisms and their respective haplotypes associated with
the acetylation profile in the group of patients with cancer. The
most frequent allele was 481T, present in 38% of patient
samples, while the least frequent was 857A (10%). All
polymorphisms of NAT2 gene showed a linkage
disequilibrium (D’>0.80; p<0.05). Thirteen (13) haplotypes
derived from the five investigated polymorphisms were
obtained (Table II). The most frequent haplotype found in
association with fast acetylation profile was NAT2*4 (26%),
followed by NAT2*13 (20%), NAT2*12 (4%) and NAT2*11
(3%). As for xenobiotic slow acetylation haplotypes, the most
frequent ones found were: NAT2*5 (37%) and NAT2*7 (10%).
The results of the haplotypes generated show a frequency of
53% for the alleles associated with the fast acetylation profile,
while 47% were described as slow acetylation profile.
Genotypic ratios found were in accordance with those
expected by the Hardy Weinberg equilibrium, in all groups
analyzed. Estimate relative risks in the groups with cancer
(made up by combining GC and BC) were computed in
relation to the control group. The results for separately-
investigated polymorphisms showed a significant effect for
SNP C282T only. Genotypes from the dominant
polymorphism C282T (TT+CT) had a significant association
(p<0.001; OR=3.076; 95%CI=1.664-5.687) with susceptibility
to the different forms of cancer investigated. Separate analysis
of the polymorphisms in NAT2 gene showed that four SNPs
(C481T, A803G, G857A and T341C) were not important in
the association with the susceptibility to cancer.

NAT?2 genotype associated with cancer susceptibility. Table I11
shows the distribution of participants according to the
characteristics of the haplotypes and their acetylation profiles.
For classification purpose, three genotype groups were
defined: i) fast genotype, including these with two fast
acetylation alleles; ii) intermediate genotype, with one fast
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Figure 1. Individual estimate of inter-ethnic admixture between case and
control groups. European, African and Native American ancestries were
estimated with the genotyping of the panel of 48 ancestry-informative
markers in the groups of patients with cancer (magenta) and controls
(vellow). The admixture is estimated by a comparison with subjects from
the parental populations: European (green), African (red) and Native
American (blue).

acetylation allele and one slow acetylation allele; iii) slow
genotype, with two slow acetylation alleles. Genotype NAT2
*5/*5 was the most predominant (58%) among genotypes for
slow acetylation identified in the study group with cancer. A
significant association of slow and fast acetylation profile with
the susceptibility to develop neoplasias investigated was
detected (p=0.010; OR=3.054; 95%CI=1.303-7.159) and
(p=0.041; OR=0.527; 95%CI=0.280-0.973). We showed that
individuals with a slow acetylator profile have increased odds
of developing neoplasias, up to three times when compared to
controls. In this context, we also established that individuals
who are homozygotes for fast acetylation have 53% protection
against the development of a tumor (GC and BC) compared
to those with other genotypes.

Discussion

The Brazilian population is one of the most heterogeneous
population worldwide, with a contribution from three parental
groups: Amerindians, Europeans and Africans (13, 17).
Therefore, in studies of genetic association to diseases, the
addition of a population structure estimate is of great
importance aiming at identifying and correcting possible
effects of the population substructure (13). In order to avoid
spurious interpretations resulting from the population
substructure, we used a panel with 48 AIMs (13). This panel
has already been used in other studies of genetic association
with diseases (18-21). A higher African contribution was

Table 1. Ancestry statistics for patients with cancer and controls.

Ancestry Control (n=89)  Cancer (n=133)  p-Valueb
Native American 0.28+0.11 0.30+0.12 0.171
European 0.52+0.12 0.44+0.14 <0.001
African 0.20+0.01 0.26+0.11 <0.001

Data are means+standard deviation for quantitative data. Patients with
two different forms of neoplasia: gastric and breast cancer. ®Mann
Whitney test.

detected in the study group with cancer. Kittles et al. found a
similar population substructure among African Americans for
prostate cancer (22). The genomic control by ancestry is able
to correct distortions in the analysis of association as
evidenced in other work (23, 24). The important role of
control genomic ancestry in association studies is clear
especially in populations with a high degree of mixing
between ethnic groups, such as the Brazilian population. Our
results on the association of the NAT2 gene SNPs with the risk
of different forms of cancer investigated suffered no distortion
with the use of genomic ancestry. Several studies have
revealed the role of genomic ancestry as a risk factor
associated with different types of cancer (25-26). A meta-
analysis published by Ali et al. found strong evidence that
specific types of tumors are more prevalent in certain ethnic
groups (27). In these studies, five different SNPs were
identified through the sequencing of NAT2 gene (T341C,
C481T, A803G, C282T, G857A), which are some of the most
important polymorphisms for determining the enzyme’s
acetylation speed (28, 29). Our study found similar results to
association of diseases in the Brazilian population and in the
Northern part of the country, which also investigated the NAT2
gene which found a high frequency of C481T polymorphism
(35% and 38%) and low frequency of G857A (4% and 9%)
(28,30). The most frequent haplotype found in association
with the fast acetylation profile was NAT2*4 (26%), followed
by NAT2*13(20%), NAT2*12 (4%) and NAT2*11 (3%). This
higher frequency for the fast acetylation haplotype NAT2*4 is
similar to with another study developed within the same
population (19%) (30). In our study, for slow acetylation
haplotypes, the most frequent SNP was NAT2*5 (37%). A
study which investigated a Brazilian population found a
frequency of 33% for NAT2*5 and in that study, the authors
suggest an association of this haplotype’s high incidence with
the influence from European and African ancestral groups in
the ethnic composition of the Brazilian population,
considering the high incidence of NAT2*5 in these two
parental populations (17, 29). In that study, the isolated
analysis of the polymorphisms in NAT2 gene showed that only
the SNP C282T was important in the association with the
susceptibility to cancer. There is no consensus in the literature
concerning the individual contribution of C282T
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Table 1I. Single-nucleotide polymorphisms of N-acetyltransferase 2 gene and haplotypes in patients with cancera from the North region of Brazil.

Nucleotide 282 T 481 T 803 G 857 A 341 C

Amino acid None None K268R G286E I114T

Frequency 0.30 0.38 0.27 0.10 0.37

Haplotype C282T C481T A803G G857A T341C Frequency Phenotype
NAT2*4 C C A G T 0.2556 Fast
NAT2*5A T . C 0.1278 Slow
NAT2*5B . T G C 0.2181 Slow
NAT2*5C . . G C 00113 Slow
NAT2*5D . C 00113 Slow
NAT2*TA . A 00113 Slow
NAT2*7B T . . A 0.0865 Slow
NAT2*7C T . G A 0.0037 Slow
NAT2*11A . T . 0.0301 Fast
NAT2*12A . G 0.0263 Fast
NAT2*12B T . G 00113 Fast
NAT2*12C . T G 0.0037 Fast
NAT2*13A T 0.2030 Fast

aPatients with two different forms of neoplasia: gastric and breast cancer.

polymorphism to the genetic susceptibility to cancer; however,
this is the most important SNP in the definition of haplotype
NAT2*13, which characterizes the fast acetylation profile and
which, in turn, is well-described in the literature to be
associated with risk for cancer (31-33). Major SNPs used in
the definition of the acetylation profile have already been
described with high frequencies in different ethnic groups.
Within the Brazilian population the C282T SNP was found at
a significantly higher frequency in European descendants (17),
and haplotype NAT2%*13 was associated with higher
contribution from African ancestry (29,34). These parental
populations were particularly significant in our study of
comparing the groups of cancer patients and controls.
Different studies involving susceptibility to BC obtained
similar results, with greater predominance of fast acetylators
(29%) in patients (35). On the other hand, another study with
BC found higher frequency of slow acetylators 57% (36).
The genotype NAT2*5/5 was the most predominant (58%)
among genotypes for slow acetylation identified in the study
group with cancer; in the literature, similar results were
found concerning slow acetylation profile (17, 29, 30). We
showed that individuals with a slow acetylator profile have
probability of developing neoplasia (GC and BC) increased
to up to three times when compared to controls (p=0.010;
OR=3.054). The findings of several authors were similar to
ours for the association of a slow acetylator profile with the
risk of developing GC (37, 38) and BC (39-41), separately.
NAT2 is predominantly expressed in the liver,
gastrointestinal tract and colon; although mRNA is detected in
several other tissues at basal levels (8, 42). The metabolic
profile of the enzyme can be associated with the susceptibility
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to several tumors types in different organs, depending on the
expression variation of the enzyme in such organ (43). Hein et
al. published a review mentioning molecular studies of NAT2
gene in association with different forms of neoplasia (43). In
their work, the influence of the acetylation profile variation on
the increase of the risk of developing several types of tumor is
clear. Moore et al. carried out a global meta-analysis and
showed the great influence of a slow acetylation profile on
bladder cancer (44).

Our findings strengthen studies which associate the slow
acetylation profile with susceptibility to different forms of
cancers lung (45), breast (40, 41), bladder (46, 47), cervical
(48), gastric (37, 38), head and neck (43) and prostate (43). In
the literature, much is discussed about the role of NAT
acetylator profile in carcinogenesis. The metabolic role of the
enzyme, such as N- and O-acetylation, can be modulated by
SNPs, mainly, which will change the speed of metabolism of
potentially carcinogenic agents (32, 49, 50). Another
predominant and modulating factor of the risk of developing
cancer is the type of exposure of individuals or populations,
such as to heterocyclic and aromatic amines, resulting from
several lifestyle habits, mainly including cigarette smoking,
ingestion of well-done meat and alcohol (50-52). In this study,
it was not possible to collect data concerning expositive to
carcinogenic agents for the control group. The use of a panel
of 48 AIMs allowed us to estimate the individual and global
ratios of ancestral population contributions in the case and
control samples. Ancestry genomic control was effectively
important for this investigation once significant differences
were found concerning ethnicity among those with and
without neoplasias; based on such estimates, it was possible
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Table III. Characterization of N-acetyltransferase 2 genotype and preliminary definition of the acetylation profile of patients with cancer® and

controls.

Genotype Total Controls Cancer? p-Valueb OR (95% IC)b
NAT2 (n=222) (%) (n=89) (%) (n=133) (%)

No allele for slow acetylation 76 (34.2) 38 (41.6) 38 (28.6) 0.041 0.527 (0.280-0.973)
*4/*4 18 (23.7) 9 (23.7) 9(23.7)

*11/%4 3(4.0) 0 3(7.9)

*11/%11 1(1.3) 1(2.6) 0

*11/*12 1(1.3) 0 1(2.6)

*11/*%13 2 (2.6) 0 2(5.3)

*12/%12 5 (6.6) 5(13.2) 0

*12/*4 9 (11.8) 5(13.2) 4 (10.5)

*12/%13 2 (2.6) 0 2(5.3)

*13/%13 8 (10.6) 6 (15.3) 2(5.3)

#13/%4 27 (35.5) 12 31.5) 15 (39.4)

One allele for slow acetylation 106 (47.8) 42 (48.3) 64 (48.1) 0.922 0.971 (0.540-1.747)
*4/%5 46 (43.4) 25 (59.4) 21 (32.8)

*4[%7 7 (6.6) 2 (4.3) 5(7.8)

#5/%1 ] 3(2.8) 1(2.4) 23.1)

*5/%12 4(3.3) 2 (4.3) 2 (3.1)

*5/*%13 33 (31.1) 8 (19.0) 25 (39.1)

*®7/%12 4 (3.8) 2 (4.8) 2 (3.1)

*7/%13 9 (8.5) 2 (4.3) 7 (11.0)

Two alleles for slow acetylation 40 (18.0) 9 (10.1) 31 (23.3) 0.010 3.054 (1.303 -7.159)
*5/%5 24 (60.0) 6 (66.7) 18 (58.1)

*5/%7 15 (37.5) 3(33.3) 12 (38.7)

*7/%7 1(2.5) 0 1(3.2)

aPatients with two different forms of neoplasia: gastric and breast cancer. bp value and odds ratio (OR) adjusted by ancestry.

to control the ancestry effect on the association of NAT2 gene
with susceptibility to cancer. This is the first study to be
carried out in the North region of Brazil, which examined the
effect of population substructure associated with the
susceptibility to neoplasia. Only the C282T polymorphism
was importantly associated with the neoplasias studied. In this
study, the strong influence of a slow acetylation profile on the
susceptibility to GC and BC was clearly shown.

Acknowledgements

This study was supported by Fundagdo Amazonia Paraense do
Estado do Para (FAPESPA); Coordenacao de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES); Pré-Reitoria de Pesquisa e
Pés-Graduacao da Universidade Federal do Pard. We would like to
thank Dayse Oliveira de Alencar for her technical help.

Referen ces

1 Parkin DM: Cancers attributable to dietary factors in the UK in
2010. IV Salt. Brit J Cancer 105: S73-S76, 2011.

2 World Health Organization (WHO): World Cancer Report 2008.
Lyon, France, 2009.

3 Instituto Nacional de Cancer José Alencar Gomes da Silva
(INCA): Estimativa 2012: Incidéncia de cancer no Brasil. Rio de
Janeiro, 2011.

4 Boccia S, Sayed-Tabatabaei FA, Persiani R, Gianfagna F, Rausei
S, Arzani D, La Greca A, D’Ugo D, La Torre G, Van Duijn CM
and Ricciardi G: Polymorphisms in metabolic genes, their
combination and interaction with tobacco smoke and alcohol
consumption and risk of gastric cancer: A case—control study in
an Italian population. BMC Cancer 7: 206, 2007.

5 Vineis P: The relationship between polymorphisms of
xenobiotic—metabolizing enzymes and susceptibility to cancer.
Toxicology 181-182: 457-462, 2002.

6 Taioli E: Gene—environment interaction in tobacco-related
cancers. Carcinogenesis 29: 1467-1474, 2008.

7 Zhang J, Qiu LX, Wang ZH, Wang JL., He SS and Hu XC: NAT2
polymorphisms combining with smoking associated with breast
cancer susceptibility: a meta—analysis. Breast Cancer Res Treat
123: 877-883, 2010.

8 Hein DW: N-Acetyltransferase single nucleotide polymorphisms:
Emerging concepts serve as a paradigm for understanding
complexities of personalized medicine. Expert Opin Drug Metab
Toxicol 5: 353-366, 2009.

9 Eichholzer M, Rohrmann S, Barbir A, Hermann S, Teucher B,
Kaaks R and Linseisen J: Polymorphisms in heterocyclic
aromatic amines metabolism-related genes are associated with
colorectal adenoma risk. Int J Mol Epidemiol Genet 3: 96-106,
2012.

10 Sambrook J, Fritsch EF and Maniatis T: Molecular Cloning: A
Laboratory Manual. 2nd edition, New York. Cold Spring Harbor
Laboratory Press, pp. 1626, 1989.

3687



ANTICANCER RESEARCH 33: 3683-3690 (2013)

11 Rozen S and Skaletsky HJ: Primer3 on the www for general
users and for biologist programmers. /n: Bioinformatics
Methods and Protocols: Methods in Molecular Biology.
Krawetz S and Misener (eds.). Totowa. Humana Press, pp. 365-
386, 2000.

12 The Consensus Gene Nomenclature of Human NAT2 Alleles
[http://louisville.edu/medschool/pharmacology/consensus-
human-arylamine-N acetyltransferase-gene-nomenclature/nat_
pdf_files/Human_NAT2_alleles.pdf].

13 Santos NPC, Ribeiro-Rodrigues EM, Ribeiro-dos-santos AKC,
Pereira R, Gusmao L, Amorim A, Guerreiro JF, Zago MA, Matte
C, Hutz MH and Santos SE: Assessing individual interethnic
admixture and population substructure using a 48 insertion-
deletion (INSEL) ancestry informative markers (AIM) panel.
Hum Mutat 37: 184-190, 2009.

14 Rousset F: Genepop’007: a complete re-implementation of the
GENEPOP software for Windows and Linux. Mol Ecol Resour
8: 103-106, 2008.

15 Stephens M, Smith NJ and Donnelly P: A new statistical method
for haplotype reconstruction from population data. Am J Hum
Genet 68: 978-989, 2001.

16 Software for Genetic Analysis Structure v. 2.2
pritch.bsd.uchicago.edu/software].

17 Teixeira RLF, Miranda AB, Pacheco AG, Lopes MQ, Fonseca-
Costa J, Rabahi MF, Melo HM, Kritski AL, Mello FC, Suffys
PN and Santos AR: Genetic profile of the arylamine N-
acetyltransferase 2 coding gene among individuals from two
different regions of Brazil. Mutat Res 62: 31-30, 2007.

18 Bakos RM, Besch R, Zoratto GG, Godinho JM, Mazzotti NG,
Ruzicka T, Bakos L, Santos SE, Ashton-Prolla P, Berking C and
Giugliani R: The CDKN2A p.A148T variant is associated with
cutaneous melanoma in Southern Brazil. Exp Dermatol 20: 890-
893, 2011.

19 Tarazona-Santos E, Castilho L, Amaral DRT, Costa DC, Furlani
NG, Zuccherato LW, Machado M, Reid ME, Zalis MG, Rossit
AR, Santos SEB, Machado RL and Lustigman S: Population
genetics of GYPB and association study between GYPB*S/s
polymorphism and susceptibility to P. falciparum infection in the
Brazilian Amazon. PLoS ONE 6: 16123, 2011.

20 Pedroza LS, Sauma MF, Vasconcelos JM, Takeshita LY, Ribeiro-
Rodrigues EM, Sastre D, Barbosa CM, Chies JA, Veit TD, Lima
CP, Oliveira LF, Henderson BL, Castro AP, Maia MH, Barbosa
FB, Santos SE, Guerreiro JF, Sena L and Santos EJ: Systemic
lupus erythematosus: Association with K/R and SLCI1IAl
polymorphisms, ethnic predisposition and influence in clinical
manifestations at onset revealed by ancestry genetic markers in
an urban Brazilian population. Lupus 20: 265-273, 2011.

21 Friedrich DC, Santos SEB, Ribeiro-dos-Santos AKC and Hutz
MH: Several different lactase persistence associated alleles and
high diversity of the lactase gene in the admixed Brazilian
population. PLoS ONE 7: 46520, 2012.

22 Kittles RA, Chen W, Panguluri RK, Ahaghotu C, Jackson A,
Adebamowo CA, Griffin R, Williams T, Ukoli F, Adams-
Campbell L, Kwagyan J, Isaacs W, Freeman V and Dunston
GM: CYP3A4-V and prostate cancer in African Americans:
Causal or confounding association because of population
stratification? Hum Genet //0: 553-560, 2002.

23 Wang X, Zhu X, Qin H, Cooper RS, Ewens WJ, Li C and Li M:
Adjustment for local ancestry in genetic association analysis of
admixed populations. Bioinformatics 27: 670-677, 2011.

[http://

3688

24 Shriner D, Adeyemo A, Ramos E, Chen G and Rotimi CN:
Mapping of disease associated variants in admixed populations.
Genome Biol 72: 223, 2011.

25 Pereira L, Zamudio R, Soares-Souza G, Herrera P, Cabrera L,
Hooper CC, Cok J, Combe JM, Vargas G, Prado WA, Schneider
S, Kehdy F, Rodrigues MR, Chanock SJ, Berg DE, Gilman RH
and Tarazona-Santos E: Socioeconomic and nutritional factors
account for the association of gastric cancer with Amerindian
ancestry in a Latin American admixed population. PLoS One 7:
41200, 2012.

26 Kupfer SS, Anderson JR, Hooker S, Skol A, Kittles RA, Keku
TO, Sandler RS and Ellis NA: Genetic heterogeneity in
colorectal cancer associations between African and European
Americans. Gastroenterology /39: 1677-1685, 2010.

27 Ali R, Barnes I, Cairns BJ, Finlayson AE, Bhala N, Mallath M
and Beral V: Incidence of gastrointestinal cancers by ethnic
group in England, 2001-2007. Gut [Epub ahead of print], 2012.

28 Teixeira RL, Silva FP Jr, Silveira AR, Cabello PH, Mendonca-
Lima L, Rabahi MF, Kritski AL, Mello FC, Suffys PN, de
Miranda AB and Santos AR: Sequence analysis of NAT2 gene in
Brazilians: identification of undescribed single nucleotide
polymorphisms and molecular modeling of the N-
acetyltransferase 2 protein structure. Mutat Res 683: 43-49, 2010.

29 Sabbagh A, Langaney A, Darlu P, Gerard N, Krishnamoorthy R
and Poloni ES: Worldwide distribution of NAT2 diversity:
Implications for NAT?2 evolutionary history. BMC Genet 9: 21,
2008.

30 Santos NP, Jacques SM, Santos AK, Silva CA, Vallinoto AC,
Fernandes DC, Carvalho DC, Santos, SE and Hutz MH: N-
Acetyl transferase 2 and cytochrome P450 2EI genes and
isoniazid-induced hepatotoxicity in Brazilian patients. Tuberc
Lung Dis 17: 499-504, 2013.

31 He LJ, Yu YM, Qiao F, Liu JS, Sun XF and Jiang LL: Genetic
polymorphisms of N-acetyltransferase 2 and colorectal cancer
risk. World J Gastroenterol 717: 4268-4271, 2005.

32 Hong SH, Kim JW, Kim HG, Park IK, Ryoo JW, Lee CH, Sohn
YK and Lee JY: Glutathione S-transferase (GSTM1, GSTTI
and GSTPI) and N-acetyltransferase 2 polymorphisms and the
risk of gastric cancer. ] Prev Med Public Health 39: 135-140,
2006.

33 Marques CFS, Koifman S, Koifman RJ, Boffetta P, Brennan P
and Hatagima A: Influence of CYPIAI, CYP2EI, GSTM3 and
NAT2 genetic polymorphisms in oral cancer susceptibility:
Results from a case-control study in Rio de Janeiro. Oral Oncol
42: 632-637, 2006.

34 Sabbagh A, Darlu P, Crouau-Roy B and Poloni ES: Arylamine
N-Acetyltransferase 2 (NAT2) genetic diversity and traditional
subsistence: A Worldwide population survey. PLoS ONE 6:
18507, 2011.

35 Ochs-balcom HM, Wiesner G and Elston RC: A meta-analysis
of the association of N-acetyltransferase 2 gene (NAT2) variants
with breast cancer. Am J Epidemiol /66: 246-254, 2007.

36 Sillanpaa P, Hirvonen A, Kataja V, Eskelinen M, Kosma VM,
Uusitupa M, Vainio H and Mitrunen K: NAT2 slow acetylator
genotype as an important modifier of breast cancer risk. Int J
Cancer 114: 579-584, 2005.

37 Malik MA, Upadhyay R, Modi DR, Zargar SA and Mittal B:
Association of NAT2 gene polymorphisms with susceptibility to
esophageal and gastric cancers in the Kashmir Valley. Arch Med
Res 40: 416-23, 2009.



Fernandes et al: Association of Slow Acetylation of NAT2 with Cancer Risk in Brazil

38 Zhang YW, Eom SY, Kim YD, Song YJ, Yun HY, Park JS, Youn
SJ, Kim BS, Kim H and Hein DW: Effects of dietary factors and
the NAT2 Acetylator status on gastric cancer in Koreans. Int J
Cancer 125: 139-145, 2009.

39 Khedhaier A, Hassen A, Bouaouina N, Gabbouj S, Ahmed SB and
Chouchane L: Implication of xenobiotic metabolizing enzyme
gene (CYP2EI, CYP2C19, mEH and NAT2) polymorphisms in
breast carcinoma. BMC Cancer 8: 109, 2008.

40 Baumgartner KB, Schlierf TJ, Yang D, Doll MA and Hein DW:
N-Acetyltransferase 2 genotype modification of active cigarette
smoking on breast cancer Risk among hispanic and non-hispanic
white women. Toxicol Sci 772: 211-220, 2009.

41 Conlon MSC, Johnson KC, Bewick MA, Lafrenie RM and
Donner A: Smoking (active and passive), N-acetyltransferase 2,
and risk of breast cancer. Cancer Epidemiol 34: 142-149, 2010.

42 Daly A, Cholerton S, Armstrong M and Idle JR: Genotyping for
polymorphisms in xenobiotic metabolism as a predictor of
disease susceptibility. Environ Health Perspect /02: 55-61, 1994.

43 Hein DW, Doll MA and Fretland AJ: Molecular genetics and
epidemiology of the NATI and NAT2 Acetylation polymorphisms.
Cancer Epidemiol Biomarkers Prev 9: 29-42, 2000.

44 Moore LE, Baris DR, Figueroa JD, Garcia-Closas M, Karagas
MR, Schwenn MR, Johnson AT, Lubin JH, Hein DW, Dagnall
CL, Colt JS, Kida M, Jones MA, Schned AR, Cherala SS,
Chanock SJ, Cantor KP, Silverman DT and Rothman N: GSTM 1
null and NAT2 slow acetylation genotypes, smoking intensity
and bladder cancer risk: results from the New England bladder
cancer study and NAT2 meta-analysis. Carcinogenesis 32: 182-
189, 2010.

45 Lee M, Su L and Christiani DC: Synergistic effects of NAT2
slow and GSTM1 null genotypes on carcinogen DNA Damage
in the lung. Cancer Epidemiol Biomarkers Prev /9: 1492-1497,
2010.

46 Dong LM, Potter JD, White E, Ulrich CM, Cardon LR and Peters
U: Genetic susceptibility to cancer. The role of polymorphisms
in candidate genes. JAMA 299: 2423-2434,2008.

47 Garcia-Closas M, Malats N, Silverman D, Dosemeci M,
Kogevinas M, Hein DW, Tardén A, Serra C, Carrato A, Garcia-
Closas R, Lloreta J, Castano-Vinyals G, Yeager M, Welch R,
Chanock S, Chatterjee N, Wacholder S, Samanic C, Tora M,
Fernandez F, Real FX and Rothman N: NAT2 slow acetylation,
GSTM1I null genotype, and risk of bladder cancer: results from
the Spanish Bladder Cancer Study and meta-analyses. Lancet
366: 649-59, 2005.

48 Costa S, Medeiros R, Vasconcelos A, Pinto D and Lopes C: A slow
acetylator genotype associated with an increased risk of advanced
cervical cancer. J Cancer Res Clin Oncol /128: 678-82, 2002.

49 Hein DW, Leff MA, Ishibe N, Sinha R, Frazier HA, Doll MA,
Xiao GH, Weinrich MC and Caporaso NE: Association of
prostate cancer with rapid N-acetyltransferase 1 (NAT/*10) in
combination with slow N-acetyltransferase 2 acetylator
genotypes in a pilot case—control study. Environ Mol Mutagen
40: 161-167, 2002.

50 Zang Y, Doll MA, Zhao S, States JC and Hein DW: Functional
characterization of single-nucleotide polymorphisms and
haplotypes of human N-acetyltransferase 2. Carcinogenesis 8:
1665-1671, 2007.

51 Costa S, Pinto D, Morais A, Vasconcelos A, Oliveira J, Lopes C
and Medeiros R: Acetylation genotype and the genetic
susceptibility to prostate cancer in a Southern european
population. Prostate 64: 246-252, 2005.

52 Weber BL and Nathanson KL: Low penetrance genes associated
with increased risk for breast cancer. Eur J Cancer 36: 1193-
1199, 2000.

Received July 4, 2013
Revised July 19, 2013
Accepted July 22, 2013

3689



