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Abstract

Colorectal cancer incidences differ considerably between Western and non-Western countries. In recent
years, a dramatic increase in colorectal cancer incidence has been reported in several Asian countries.
Immigration studies have suggested that environmental rather than genetic factors are primarily responsible
for the international variability and secular trends of colorectal cancer incidence rates. Therefore, not only the
main effect of a gene but also the inflkuence of gene-environment interactions on cancer risk are important from
the public health perspective. This review encompasses the literature on gene-diet interactions, particularly
focusing on meat intake and its association with the risk of colorectal carcinoma or adenomas. It is generally
accepted that genotypes which are associated with the higher enzyme activity for metabolic activation or lower
activity for detoxification would affect individual’s susceptibility to meat carcinogens. The most intensively
studied genes were those involved in xenobiotic metabolism, including N-acetyltransferase (NAT), cytochrome
P450 (CYP) families, glutathione S-transferase (GST), and sulfotransferase (SULT). However, the associations
were not consistent across studies. The role of genetic polymorphisms and their role in effect modification
of environmental carcinogens should be assessed in well-designed large-scale epidmiological studies with
comprehensive information for risk factors for better understanding the etiologic role of dietary factors and in

developing personalized cancer prevention strategy in the genome-wide association study era.
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Introduction

A systematic review of epidemiological literature
has suggested that red and processed meat consumption
is a convincing risk factor for colorectal cancer (World
Cancer Research Fund/American Institute for Cancer
Research, 2007). Meat contains high animal fat and
is energy dense-food which affect on weight gain and
consequent overweight and obesity (World Cancer
Research Fund/American Institute for Cancer Research,
2007). In addition, mutagens such as heterocyclic amines
(HCAs) and polycyclic aromatic hydrocarbons (PAHs)
are produced during high-temperature cooking of meat,
and these compounds induce colon tumors in laboratory
animals (Vineis & McMichael, 1996). Hepatic or colonic
cytochrome P450 (CYP), N-acetyltransferase (NAT),
glutathione S-transferase (GST), and sulfotransferase
(SULT) family enzymes are involved in metabolic
activation or detoxification of HCAs (Nowell et al.,
2004). Further, GSTs facilitate detoxification of PAHs via
glutathione conjugation, whereas CYPs, NAT1,and NAT2
activate PAHs to produce active metabolites (Sachse et al.,
2002). Therefore, effect modification of the association
between meat or meat-mutagen intake and colorectal
cancer risk by generic polymorphisms has been suggested.

The purpose for this review is to summarize literatures on
meat intake and its association with the risk of colorectal
carcinoma or adenomas, focusing on gene-environmental
interaction. We hypothesized that study subjects who
possessed genotypes which were associated with inducing
higher biological activity for meat carcinogens, would be
more susceptible to colorectal neoplasia development.

Specific Enzymes

N-acetyltransferases

Relationship between the genotypes and phenotypes
of NAT1 and NAT2 polymorphisms has been well
established through measurement of the catalytic activity
for N-acetylation (Fretland et al., 2001). In colonic
tissue, NAT1 is expressed at a higher level than NAT2;
therefore, its role has been suggested in colorectal
carcinogenesis (Hickman et al., 1998). In animal studies,
rapid acetylator mice showed 3-fold more DNA adducts
in the colon mucosa than slow acetylator mice after
feeding on 2-amino-3-methylimidazo[4,5-f]quinoline (IQ)
(Nerurkar et al., 1995); further, a 2-fold higher number
of aberrant crypt foci and higher 2-amino-1-methyl-
6-phenylimidazo[4,5-b]pyridine (PhIP)-DNA adduct
levels in rapid-acetylator rats were observed compared
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to slow-acetylator rats when they were fed PhIP, the
most abundant HCA (Purewal et al., 2000). NAT1 or
NAT?2 polymorphisms have not been found to be directly
associated with colorectal cancer risk in a meta-analysis
of epidemiological studies (Brockton et al., 2000).
Literatures on potential interactions between NAT1 or
NAT?2 polymorphisms and meat intake were summarized
at Table 1. Several studies have reported that increased risk
of colorectal cancer was observed with high consumption
of red meat (Chen et al., 1998; Le Marchand et al., 2001;
Chan et al., 2005; Lilla et al., 2006), fried meat (Welfare
et al., 1997), processed meat (Kampman et al., 1999),
meat and fat dietary pattern (Cotterchio et al., 2008), or
high meat-mutagen index (Kampman et al., 1999) among
subjects with rapid NAT1 or NAT2 acetylator genotypes.
In contrast, some other studies did not report any apparent
effect of interaction between NAT1 or NAT2 genotypes
and meat intake on colorectal cancer risk (Sachse et al.,
2002; Tiemersma et al., 2002; Murtaugh et al., 2004;
Sorensen et al.,2008). In two studies on colorectal polyps,
the increased risk associated with meat or meat-mutagen
intake along with rapid NAT1 or NAT2 genotypes was
most prominent in participants with both hyperplastic and
adenomatous polyps than in those with only one type of
polyps (Goode et al., 2007; Shin et al., 2008).

Cytochrome P450

In a study of 1,023 colorectal cancer cases and 1,121
controls, combined haplotypes of 6 single-nucleotide
polymorphisms (SNPs) in the CYP1A2, CYP2EI,
CYPIB1, and CYP2C9 genes modified the colorectal
cancer risk in subjects who consumed meat =5 times per
week, compared to those who consumed meat <4 times
per week (Kury et al.,2007). In a multiethnic case-control
study, a remarkably elevated colorectal cancer risk was
observed among ever smokers with a high intake of well-
done meat and carrying both rapid NAT2 genotype and
rapid CYP1A2 phenotype (Le Marchand et al., 2002).
However, some other studies did not report any apparent
effect modification of the association between meat intake
and colorectal cancer risk by genetic polymorphisms of
xenobiotic metabolism enzymes (Kampman et al., 1999;
Sachse et al., 2002; Tiemersma et al., 2002; Murtaugh et
al., 2004; Skjelbred et al., 2007). No interactive effect of
2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MelQx)
and CYP1A2 phenotype (Ishibe et al., 2002) or of meat or
HCA intake and CYP1A2 (rs762551) polymorphism (Shin
et al., 2008) has been observed on the risk of colorectal

polyps.

Other xenobiotic metabolism enzymes

GSTM1, GSTPI1, and GSTT1 polymorphisms are
not associated with colorectal cancer risk (Sachse et al.,
2002; Skjelbred et al., 2007; Cotterchio et al., 2008).
No interactive effect of GSTM1 polymorphism and
Western dietary pattern (Slattery et al., 2000), fresh red
meat intake (Tiemersma et al., 2002), or meat-mutagen
index and processed meat intake (Kampman et al.,
1999) has been observed on colorectal cancer risk.
However, one study reported that a combination of high
white meat-mutagen index, CYP1A1™2 genotype, and

GSTM1-present genotype forms the highest risk for colon
cancer (Murtaugh et al., 2005). In a study on GSTAI
polymorphism reported that subjects with GSTA1'B/'B
genotype showed an increased risk for colorectal cancer
among well-done meat consumers (Sweeney et al., 2002).

Two studies on SULT polymorphisms have suggested
an effect modification of the association between meat
intake and colorectal cancer risk by the polymorphisms.
A German study reported that colorectal cancer risk
increased with frequent consumption of red meat only
among carriers of any SULT1A1"2 allele (Lilla et al.,
2007). Similarly, a Canadian study showed that SULT1A1
G638A variant modified the association between red
meat doneness and colorectal cancer risk (Cotterchio et
al., 2008).

Uridine diphosphate (UDP)-glucuronosyltransferase
(UGT)1A1 and UGT1A7, and aryl hydrocarbon receptor
(AhR) polymorphisms have not shown any effect
modification of colorectal cancer risk (Cotterchio et al.,
2008). AhR regulates transcriptional expression of CYP1
family genes. Positive associations with meat, HCA, or
benzo[a]pyrene intake and risk of colorectal polyps have
predominantly been observed among subjects carrying the
A allele of AhR Arg554Lys (1s2066853) polymorphism
(Shin et al., 2008).

DNA repair genes

Joshi et al. examined the genes involved in nucleotide
excision repair (ERCC1, XPD, XPC, XPA, XPF, and
XPG) and mismatch repair (MLH1 and MSH2) in
577 colorectal cancer cases and 307 case-unaffected
sibling controls (Joshi et al., 2009). Consumption of red
meat, heavily brown on the outside or inside, increased
colorectal cancer risk only among subjects with XPD
codon 751 Lys/Lys or XPD codon 312 Asp/Asp genotype.

In conclusion, Most studies on the interactive effect of
genetic polymorphisms and meat or meat-mutagen intake
have focused on genes encoding the above mentioned
xenobiotic metabolism enzymes. Although enzymes
involved in metabolic activation or detoxification of
meat mutagens were well identified, the results on the
effect of genetic polymorphisms of these enzymes on the
association between meat or meat mutagen intake and
risk of colorectal neoplasia have been inconclusive. The
main reasons for the inconsistency between the studies
are (1) differences in the methods used for meat intake
assessment and (2) relatively limited sample size used in
most studies for achieving sufficient statistical power to
test gene-environment interaction. Several genome-wide
association studies have been identified colorectal cancer
susceptibility loci in chromosomal regions 8q24.21,
18921, 9p24, 10p14, 8q23.3 and 11q23(Broderick et al.,
2007; Tomlinson et al., 2007; Zanke et al., 2007; Tenesa et
al.,2008; Tomlinson et al., 2008; Carvajal-Carmona et al.,
2009; Pittman et al., 2009; Webb et al., 2009). However,
only one study assessed interaction of susceptible loci
rs6983267 and rs10090154 of 8q24 with environmental
factors (Matsuo et al., 2009). Therefore, interaction
between genetic susceptibility loci and environmental
factors including meat and their mutagen intakes need
to be addressed in a well-designed epidemiological
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studies which considers not only gene main effect but
also comprehensive environmental factors. Assessment
of gene-diet interaction is essential for understanding
the etiologic role of dietary factors and in developing
personalized cancer prevention strategy in the post-
genomic era.
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