1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Curr Nutr Rep. Author manuscript; available in PMC 2016 March 01.

-, HHS Public Access
«

Published in final edited form as:
Curr Nutr Rep. 2015 March ; 4(1): 13-21. doi:10.1007/s13668-014-0114-2.

Gene-diet interactions and their impact on colorectal cancer risk

Elizabeth D. Kantor! and Edward L. Giovannuccil?
1 Department of Epidemiology, Harvard School of Public Health, Boston, MA, 02115

2 Department of Nutrition, Harvard School of Public Health, Boston, MA, 02115

Abstract

A number of studies have evaluated the role of gene-diet interaction in the etiology of colorectal
cancer (CRC). Historically, these studies focused on established dietary risk factors and genes
involved in their metabolism. However, results from these candidate gene studies were
inconsistent, possibly due to multiple testing and publication bias. In recent years, genome-wide
association studies have identified a number of CRC susceptibility loci, and subsequent meta-
analyses have observed limited evidence that diet may modify the risk associated with these
susceptibility loci. Statistical techniques have been recently developed to evaluate the presence of
interaction across the entire genome; results from these genome-wide studies have demonstrated
limited evidence of interaction and have failed to replicate results from candidate gene studies and
those using established susceptibility loci. However, larger sample sizes are likely needed to
elucidate modest or weak interaction in genome-wide studies of gene-diet interaction.
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INTRODUCTION

Colorectal cancer (CRC) is the third most commonly diagnosed cancer among men and
women in the United States.[1] A number of dietary factors have been associated with CRC
risk, including: folate,[2] alcohol,[3] vitamin D,[4] calcium,[5] fiber,[6] fruit,[7] vegetables,
[7] and red/processed meat.[8] Identifying subsets of the population for whom these dietary
risk factors may confer more or less risk may help inform intervention efforts. Furthermore,
elucidating gene-diet interaction may help us better understand the mechanisms by which
dietary factors affect risk of CRC, consequently improving our understanding of CRC
etiology and supporting a causal role of diet in the development of CRC.
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Historically, the study of gene-diet interaction was often approached by focusing on a given
dietary risk factor and candidate gene(s) involved in the metabolism of that dietary factor.
However, with the widespread availability of genetic data in epidemiologic research,
genome-wide association studies (GWAS) have identified several single nucleotide
polymorphisms (SNPs) associated with CRC risk, and subsequent research has evaluated
whether known dietary CRC risk factors might modify the risk associated with these
susceptibility loci. Most recently, research has assessed the presence of gene-diet interaction
across the genome, irrespective of marginal associations between the genetic variants and
CRC risk.

In this review, we will provide an overview of the literature within these three main domains
of gene-diet interaction studies: those involving candidate genes, those involving GWAS-
identified susceptibility loci, and those involving evaluation of interaction across the entire
genome. We will conclude with a brief discussion of the literature.

GENE-DIET INTERACTION: DIETARY RISK FACTORS AND CANDIDATE
GENES

Folate

High folate intake has been linked to decreased risk of both adenoma and CRC in
observational studies, and it is posited that folate may reduce risk of CRC through effects on
DNA synthesis, repair, and methylation.[9] Corroborating evidence suggests that genetic
polymorphisms in the methylenetetrahydrofolate reductase (MTHFR) gene, which encodes
an enzyme involved in folate metabolism, may decrease risk of CRC.[10, 11] However, a
trial found that folate increased the risk of recurrent polyps,[12] suggesting that folate may
decrease risk up until a certain point, after which it may act to promote carcinogenesis.[13]
However, a recent pooled study of randomized trials did not show an enhancing effect of
folate late in carcinogenesis,[14] and further research suggests that the putative protective
effect of folate may manifest only after decades of exposure.[2]

To better understand the role of folate in colorectal carcinogenesis, many studies have
evaluated whether folate, or other dietary factors converging on the folate pathway,
including methionine, alcohol, and B vitamins, may interact with genes involved in folate
metabolism to affect risk of colorectal adenoma or cancer. Most of these studies have
focused on a polymorphism (rs1801133) in the MTHFR gene, MTHFR-677. Although
inconsistent, some data suggest that the MTHFR-677T—7C mutation is protective when
there is folate sufficiency and is neutral or even deleterious in the context of folate
deficiency.[10, 15-20] In support of this hypothesis, a recent study observed that a pathway
of one-carbon metabolism genes was significantly associated with advanced colorectal
adenoma only among those with low folate intake.[21] Further work has evaluated whether
the association between folate (or dietary exposures associated with folate metabolism) and
adenoma/CRC may be modified by genes involved in one-carbon metabolism or folate
uptake/distribution, including: MTHFR, C-1-tetrahydrofolate synthase (MTHFD1),
thymidylate synthetase (TYMS), methionine synthase (MTR), thymidylate synthase enhancer
region (TSER), reduced folate carrier (RFC), DNA methyltransferase 3b (DNMT3b), and
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Alcohol

alcohol dehydrogenase 3 (ADH3); taken together, these studies do not indicate a clear
pattern of association.[16-20, 22-30] Given that folate may take decades to affect CRC risk,
inconsistencies between studies may reflect differences in the timing/duration of folate
measurement relative to assessment of CRC.

Alcohol intake has been consistently associated with increased CRC risk. In a meta-analysis
of 27 cohort and 34 case-control studies, those drinking 2-3 drinks/day experienced 21%
higher risk of colorectal cancer than non-drinkers/occasional drinkers (RR:1.21;95%Cl:
1.13-1.28), while those drinking 4+ drinks/day experienced 52% higher risk (RR:1.52;95%
Cl:1.27-1.81).[3] Categorically, light drinking (<1 drink/day) was not associated with CRC,
although dose-response analyses using fractional polynomials suggest a weak association
between light drinking and CRC risk (RR corresponding to 10g alcohol/day: 1.07;95% ClI:
1.04-1.10). Alcohol may increase CRC risk through a number of mechanisms, including
anti-folate effects, as well as through the production of reactive oxygen species,
inflammation, and the carcinogenic intermediate, acetaldehyde.[31, 32]

Corroborating the putative anti-folate effect of alcohol, some research suggests that the
protective effect of the MTHFR 677 T—7C genotype may be diminished by high alcohol
consumption.[11, 15, 17] Strikingly, one study observed that those with the homozygous
mutation who drank little/no alcohol experienced an eightfold lower risk of CRC than those
with the homozygous wild-type; those who drank a modest amount experienced a two-fold
lower risk, and heavy drinkers with this mutation did not experience any difference in risk.
[15] There is some suggestion that interaction between alcohol and MTHFR may hold for
adenomas, [20, 33, 34] and a similar pattern of association has been observed for the MTR
gene, which is also involved in folate metabolism.[28, 35]

Additional work has evaluated whether the association between alcohol and CRC varies by
polymorphisms in the alcohol dehydrogenase gene, ADH3 (also known as ADH1C). Those
with the wild-type ADH3 oxidize alcohol to acetaldehyde faster than those with the variant
allele,[31] and it has been hypothesized that those with the wild-type ADH3 may experience
increased risk of CRC due to prolonged exposure to this carcinogenic intermediate.
Supporting this hypothesis, one study showed a stronger association between alcohol intake
and adenoma among persons with the wild-type (fast metabolizers) than among those with
the variant genotype.[36] However, other studies have shown the opposite, with some
suggestion that alcohol intake is associated with increased risk of colorectal adenoma[20,
25] and CRC[37] only among slow metabolizers. Although the reasons underlying this
inconsistency remain unclear, it is possible that production of acetaldehyde in the large
bowel is influenced largely by bacteria rather than the human enzyme; [38] if this is the
case, then slow metabolism of ethanol could actually enhance acetaldehyde production by
bacteria, thereby increasing CRC risk among slow metabolizers.

Given that inflammation may be one of the mechanisms by which alcohol affects risk of
CRC, another study evaluated whether the association between alcohol intake and CRC was
modified by 13 polymorphisms in genes involved in the inflammatory response.[39] A
significant interaction was observed between alcohol and PPARy Prol12Ala (rs1801282), in
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Vitamin D

Calcium

which alcohol use was associated with CRC among carriers of the variant allele, but not
among those with the homozygous wild-type (p-interaction:0.02). Further work suggests
that the association between alcohol and CRC is not modified by mutation in the DNA
repair gene O8-methylguanine-DNA methyltransferase (MGMT)[40] or by polymorphisms
in the adenomatous polyposis coli (APC) tumor suppressor gene.[41]

Increasing vitamin D has been consistently associated with reduced risk of CRC, measured
by vitamin D intake from diet and supplements, and also by blood levels of 25-
hydroxyvitamin D [25(OH)D]. Notably, a recent meta-analysis reported that a 10ng/mL
increase in blood levels of 25(OH)D was associated with a 26% reduced risk of CRC (RR:
0.74;95% CI:0.63-0.89).[4]

Several studies have evaluated whether the association between vitamin D and CRC is
modified by variation in the vitamin D receptor (VDR), with most research focusing on
SNPs in Fokl (rs2228570) and Bsml (rs1544410). These studies do not support the presence
of statistically significant interaction for either CRC[42-44] or adenoma.[45-48] Similarly,
the association between vitamin D and colon cancer/CRC does not appear to be modified by
variation in the vitamin D binding protein[43] and the association between plasma levels of
25(0OH)D and CRC does not appear to be modified by a genetic risk score of variants
proximal to increased VDR binding.[49] Furthermore, research does not support the
presence of interaction between total vitamin D and 12 SNPs in CYP24A1 and 1 SNP in
CYP27BL1, which act to inactivate vitamin D metabolites and convert vitamin D into its
active VDR-binding form, respectively.[50] Lastly, the association between vitamin D and
CRC does not appear to be modified by variation in the calcium-sensing receptor (CaSR)
gene.[42, 51] These results consistently suggest no evidence of interaction between vitamin
D and candidate genes, regardless of whether vitamin D was measured by dietary intake,
total intake, or by blood measures of 25(OH)D.

Epidemiologic studies suggest that calcium intake is inversely associated with CRC risk: a
recent meta-analysis demonstrated that a 300 mg/day increase in calcium was associated
with an 8% reduction in CRC risk (RR:0.92;95% C1:0.89-0.95).[5] Calcium may reduce
CRC risk through binding of bile acids in the lumen and by mitigating the pro-inflammatory
response to flora in the colon. Calcium may also reduce CRC risk through its effects on
cellular proliferation and differentiation, which are induced by binding to CaSR.[5, 51]
Given the putative role of CaSR in colorectal carcinogenesis and its expression in the colon,
candidate gene studies have evaluated whether calcium interacts with polymorphisms in the
CaSR gene, observing no compelling evidence of interaction on colon cancer[51] or
adenoma.[52]

In total, the association between calcium and CRC/adenoma does not appear to vary by
polymorphisms in VDR, [42-46, 48] although there is some suggestion of interaction for
rectal cancer.[44] Further, the association between calcium and CRC/adenoma does not
appear to vary by variation in the vitamin D binding protein[43] or by SNPs in CYP24A1 or
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Fiber

CYP27BL1.[50] However, in a study of 80 tagging SNPs in 9 ion transporter regions, an
interaction was observed between calcium intake and rs2855798, a SNP in the potassium
inwardly-rectifying channel subfamily (KCNJ1) gene.[53] Specifically, among those
consuming <1000 mg/day of calcium, having 1 or more variant alleles was associated with a
35% increased risk of adenoma and a 72% increased risk of multiple or advanced adenoma,
while a modest inverse association was observed among those consuming 1000+ mg/day of
calcium.

In a meta-analysis of 16 studies, a 10 gram/day increase in total dietary fiber was associated
with a 10% lower risk of CRC (RR:0.90;95% CI:0.86-0.94).[6] Fiber may reduce risk of
CRC through a number of mechanisms, including: reduced transit time, increased stool bulk
and dilution of carcinogens, the fermentation of fiber to short-chain fatty acids, and
decreased insulin resistance.[54, 55] In addition, fiber may reduce inflammation,[56] and
consequently, it has been evaluated whether the fiber-CRC association is modified by SNPs
rs1800872 and rs3024505 in the gene encoding anti-inflammatory cytokine interleukin
(IL)-10.[57] A significant interaction (p-interaction:0.01) was observed between dietary
fiber and rs3024505 in which increasing fiber was associated with reduced risk of CRC
among those with the homozygous wild-type, but not among those with variant alleles.
Further, the association between fiber and CRC does not appear to vary by candidate
pathway of genes involved in insulin sensitivity and metabolic signaling,[58] or by
polymorphisms in MGMT[40] or ABCC2.[59]

Fruit and Vegetables

Fruit contain many nutrients which may help prevent cancer, including fiber and a number
of putative anti-oxidants. A recent meta-analysis observed that high versus low fruit intake
was associated with a 10% lower risk of CRC (RR:0.90;95% CI:0.83-0,98).[7] Research
suggests that the association between fruit intake and CRC is not modified by
polymorphisms in the genes posited to play a role in the metabolism of carcinogens or anti-
carcinogens, including: Cytochrome P450 (CYP1AL), Glutathione S-transferases (GSTT1,
GSTM1, GSTP1), Epoxide hydrolase (EPHX1), and NAD(P)H dehydrogenase quinone
(NQO1).[60]

Vegetables are rich in bioactive compounds and nutrients which may reduce risk of
colorectal cancer, including folate, fiber, and carotenoids.[61] Increasing vegetable
consumption is modestly associated with reduced risk of CRC, with a meta-analysis
reporting that those consuming high vegetable intake experienced a 9% lower risk of CRC
than those consuming low vegetable intake (RR:0.91;95% CI1:0.86-0.96).[7] Much interest
has developed around cruciferous vegetable consumption, as these vegetables are
particularly rich in glucosinolates. These sulfur-containing chemicals break down into
isothyocyanates (ITCs), which are posited to have a range of protective anti-cancer effects,
including: detoxification of carcinogens, inhibition of carcinogen-activating enzymes,
inhibition of angiogenesis, apoptosis, and arrest of the cell cycle.[62] To this end, a meta-
analysis reported that high intake of cruciferous vegetables is associated with an 18%
reduced risk of CRC (OR:0.82;95% CI:0.75-0.90).[63]
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Meat

Glutathione S-transferases (GST)-T, -M, and -P, comprise a family of detoxification
enzymes which act to metabolize ITCs, and studies have evaluated whether variation in the
genes encoding these detoxification enzymes modifies the association between vegetable
intake and CRC risk. To this end, it has been observed that the inverse association between
vegetable intake and CRC risk is only present among those with deficient/intermediate
GSTT1 phenotype.[60] A few studies have further evaluated whether polymorphisms in
GST genes modify the association between cruciferous vegetable intake (or urinary ITC
levels) and CRC. While some studies observed no evidence of significant interaction
between cruciferous vegetable/ITC levels and the GSTM1,[64-66] GSTT1,[64, 65] or
GSTP1]64] in relation to CRC (or colon cancer) risk, an inverse association has been
observed between broccoli and colorectal adenoma only among those with the GSTM1 null
genotype (p-interaction:0.01).[67] Another study found that increasing dietary ITC intake
was inversely associated with CRC risk among individuals who are jointly GSTM1 null and
GSST1 null (OR:0.43;95% CI:0.20-0.96); however, in contrast to the above-mentioned
study, this association was not apparent when examining associations stratified by the
GSTM1 genotype alone.[68]

A recent meta-analysis demonstrated a 100 g/day increase in unprocessed red meat
consumption to be associated with a 17% increased risk of CRC (RR:1.17;95% ClI:
1.05-1.31), while a 50 g/day increase in processed meat was associated with an 18%
increased risk (RR:1.18; 95% Cl:1.10-1.28).[8] This association does not appear to be
mediated by the fat content in meat, but possibly by the presence of carcinogenic
heterocyclic amines (HCAS), which are often present in grilled meat due to extended
cooking at high temperatures.[69] N-acetyltransferase 2 (NAT?2) activates HCAs, and
consequently rapid NAT2 acetylators may have longer exposure to carcinogens and
increased risk for DNA adduct formation. Corroborating evidence suggests that the
association between meat intake and colorectal cancer[70-73] and adenoma[70] is stronger
among rapid acetylators than slow acetylators, although not all studies support the presence
of interaction.[74-76] It is also conceivable that the association between red meat and CRC
may be, in part, attributable to the presence of polyaromatic hydrocarbons (PAHS), which
form when barbequing meat. Given that GSTs are involved in the metabolism of these
carcinogens,[77] some have sought to evaluate whether the association between red meat
and CRC varies by variants in GST genes.[60, 76] There does not appear to be evidence of
significant interaction involving GSTM1[60, 76] or GSTT41,[60] although one study showed
weak interaction between red meat and the GSTPL1 llejgsVal polymorphism, but not the
GSTP1 Alajy4Val polymorphism.[60] Further, as carcinogens, such as HCAs and PAHs, are
transported into the intestinal lumen by ATP-binding cassette (ABC) transporters P-
glycoprotein and the Breast Cancer Resistance Protein, one study evaluated whether the
association between red meat intake and CRC varied by the SNPs in genes encoding these
proteins, ABCB1/MDR1 C3435T/G-rs3789243-A (rs1045642, rs3789243) and ABCG2/
BCRP C421A (rs2231142), respectively.[78] The investigators observed that a 25 gram/day
increase in red/processed meat was associated with an 8% increased risk of CRC among
persons with the homozygous MDR1 C3435T C-allele, with no association observed among
those with the variant allele. The other two SNPs evaluated in this study did not modify the
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association, and a later study further found no evidence of interaction between red/processed
meat intake and ABCC2, a gene encoding another intestinal transporter.[59]

Furthermore, one study observed that the association between red meat and/or processed
meat and CRC may be weakly modified by genetic variation in transcription factor nuclear
factor kappa-B (NFkB)-94 insertion/deletion ATTG (rs28362491);[79] however, no
evidence of significant effect modification has been observed involving genetic variation in
other inflammation-related genes, including: IL-10,[57] cyclooxgenase-2 (COX-2),[78] or
PPAR/Z/[80] Lastly, a significant interaction has been observed between red/processed meat
intake and the DNA repair MGMT gene, with increased risk observed among those with the
variant genotype only.[40]

GENE-DIET INTERACTION: GWAS-IDENTIFIED SNPS

Instead of relying on a candidate gene approach, some studies have sought to identify gene-
diet interaction involving established CRC susceptibility loci. In the Genetics of Colorectal
Cancer Consortium (GECCO) and Colon Cancer Family Registry (CCFR), interactions
involving 10 GWAS-identified susceptibility loci and a set of *‘environmental factors’ were
evaluated, including alcohol use, and dietary intakes of calcium, folate, red meat, processed
meat, vegetables, fruit, and fiber.[81] In this large study, only one interaction, between
rs16892766, located on chromosome 8g23.3, near the EIF3H and UTP23 genes, remained
significant after accounting for multiple comparisons. Specifically, the magnitude of
association between the SNP and CRC strengthened with each increasing quartile of
vegetable consumption; however, it is difficult to understand why this SNP may modify the
association between vegetable intake and CRC risk, as the functional relationship between
these genes and CRC remains unclear. Recently, this analysis was expanded to evaluate the
presence of interactions between 16 newly identified susceptibility loci and the same set of
dietary factors, with no significant interaction observed after adjustment for multiple
comparisons.[82]

Some have taken a more targeted approach, instead focusing on a single GWAS-identified
SNP.[83, 84] Specifically, an analysis of 4 studies sought to evaluate how the association
between 9p24 risk locus rs719725 and colorectal tumor varied by several environmental
factors, including: alcohol intake, folate intake, calcium intake, and red meat consumption,
observing no evidence of interaction.[83] Similarly, in a small case-control study of
adenoma, no evidence of interaction was observed for the association between the GWAS-
identified SNP rs6983267, in the chromosome 8g24 region, and colorectal adenoma for any
of the following dietary factors: alcohol, blood 25-OH-vitamin D3 levels, or intakes of total
energy, calcium, red meat, vegetable and fruit, and folate.[84]

Others have used GWAS-identified SNPs to create a summary genetic risk score, and have
evaluated whether this measure of genetic risk modifies the association between a given
dietary factor and CRC.[49, 85] In a small nested case-control study, it was observed that
the association between fatty fish intake and CRC risk varied by a risk score comprised of
16 CRC susceptibility loci.[85] Specifically, increasing fatty fish intake was associated with
reduced risk of CRC among those with low genetic risk, and was associated with increased
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risk among those with high genetic risk, although it is unclear why the association between
fish intake and CRC would vary by a composite measure of overall genetic risk. A similar
approach using a risk score of 18 GWAS-identified susceptibility loci observed no
interaction between an overall genetic risk score and circulating 25(0OH)D.[49]

GENE-DIET INTERACTION: GENOME-WIDE ANALYSIS

The presence of gene-environment interaction may obscure marginal effects of genetic
variants, and therefore focusing only on interactions involving established CRC
susceptibility loci might miss gene-diet interactions. To address this issue and seek
confirmation of results from candidate gene studies, research has turned to a genome-wide
approach, in which a given dietary factor is tested for interaction across the entire genome.

In a study of 9,287 cases and 9,117 controls in GECCO and CCFR, investigators examined
whether the associations between established dietary risk factors (red meat, processed meat,
fiber, fruit, and vegetables) and CRC were modified by approximately 2.7 million SNPs
across the entire genome.[86] A significant interaction was observed between processed
meat intake and rs4143094 (p-interaction:8.7 x 1079). This SNP lies in the promoter region
of GATA3, a gene which is involved in ulcerative colitis and which has been previously
linked to colorectal cancer. Specifically, the association between processed meat and CRC
was strongest among those with the rs4143094-TT genotype (OR:1.39), with a weaker
association observed among those with one variant allele (TG OR:1.20) and no association
among those with the GG genotype (OR:1.03). This framework was expanded within
GECCO and CCFR to include calcium, with no evidence of interaction observed between
calcium intake (dietary, supplemental, or total) and SNPs across the genome.[87] Similarly,
a smaller study indicated no evidence of significant genome-wide interaction involving
dietary factors (alcohol, folic acid, multivitamins, calcium, fruit, vegetables, and red meat)
in relation to microsatellite stable/microsatellite-instability low CRC.[88]

CONCLUSION

To date, epidemiologic studies have revealed inconsistent evidence of gene-diet interaction
in relation to CRC. While evidence from candidate gene studies suggests that certain dietary
factors may interact with genes involved in their metabolism and studies of GWAS-
identified susceptibility loci have identified an interaction between vegetable intake and
rs16892766, these findings have not been corroborated by recent studies of genome-wide
interaction. In fact, thus far, studies of interaction across the entire genome have identified
only one interaction (processed meat and rs4143094), and this interaction had not been
previously identified using other approaches.

Several factors may explain why genome-wide studies of interaction have not replicated
findings from candidate gene studies and studies of GWAS-identified SNPs. Firstly, most
genome-wide work to date has been conducted within the meta-analysis framework, and
consequently, the environmental data have been harmonized across studies (including both
retrospective and prospective studies), resulting in a loss of richness of the environmental
data. Nonetheless, in GECCO/CCFR, the consortium used for many of these studies of
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interaction involving susceptibility loci or genome-wide approaches, the marginal main
effects of the environmental factors align with the literature.[81, 82] Even so, we may be
better able to elucidate gene-diet interaction by increasing the richness of the dietary data in
these meta-analyses. Similarly, it should be considered that studies of interaction involving
GWAS-identified susceptibility involve tagging SNPs, not the actual causal SNP, and the
use of these tagging SNPs may diminish our ability to detect gene-diet interaction in studies
of GWAS-identified susceptibility loci.

Secondly, although most of these genome-wide studies of interaction have been conducted
within a large consortium, it is possible even large consortia are not adequately powered to
detect modest/weak interactions when accounting for multiple comparisons. As consortia
grow and methods for detecting gene-environment interaction continue to develop, we may
be better able to detect modest interaction, possibly increasing the consistency of results
across approaches.

Thirdly, results from candidate gene studies may not replicate in genome-wide approaches,
as it is possible that results from these inconsistent candidate-gene studies are more likely to
reflect false positives resulting from multiple testing or publication bias.[89] Although
modern approaches involving GWAS-identified SNPs or genome-wide interaction may be
less prone to publication bias, the biologic basis of interactions identified in these agnostic
studies remains unclear. For example, although studies of GWAS-identified SNPs and
genome-wide interaction have identified two significant gene-diet interactions,[81, 86] the
biologic underpinnings of these interactions are not understood.

As methods in statistical genetics continue to develop, future studies may address
multifactorial gene-diet interaction, and may directly evaluate interaction involving other
forms of genetic variation, such as insertions/deletions and copy-number variants (CNVSs).
[90] We may also wish to focus studies of gene-diet interaction on genetic variants in a
particular biologic pathway, using any number of pathway-based approaches.[21, 91-94]
Alternatively, we may consider whether diet, or specific components of the diet, can modify
a composite of overall genetic risk score, as has been done previously.[49, 85] While this
approach may be useful in identifying high-risk groups who may benefit from a dietary
approach, it is unlikely to improve our understanding of the biology of this disease, as the
risk score is comprised of a diverse mixture of multiple independent genetic variants.
Similarly, we may evaluate gene-diet interaction involving an overall measure of diet quality
or dietary patterns, as opposed to specific nutrients or food groups. Lastly, as consortia
grow, we may acquire enough statistical power to evaluate gene-diet interaction by anatomic
subsite or by molecular features of the tumor, such as microsatellite instability, as etiology
of these cancers likely vary by molecular subtype.

In conclusion, while results thus far have not yielded much evidence of gene-diet
interactions in CRC etiology, continuing work and developing methods will hopefully better
elucidate the role of gene-diet interaction in the etiology of CRC.

ACKNOWLEDGEMENTS

E.D. Kantor is supported by the National Cancer Institute (T32 CA 009001).

Curr Nutr Rep. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kantor and Giovannucci

Page 10

REFERENCES

1.

Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA Cancer J Clin. 2010; 60(5):277-300.
[PubMed: 20610543]

. Lee JE, Willett WC, Fuchs CS, Smith-Warner SA, Wu K, Ma J, et al. Folate intake and risk of

colorectal cancer and adenoma: modification by time. Am J Clin Nutr. 2011; 93(4):817-25.
[PubMed: 21270374]

. Fedirko V, Tramacere I, Bagnardi V, Rota M, Scotti L, Islami F, et al. Alcohol drinking and

colorectal cancer risk: an overall and dose-response meta-analysis of published studies. Ann Oncol.
2011; 22(9):1958-72. [PubMed: 21307158]

.MaY, Zhang P, Wang F, Yang J, Liu Z, Qin H. Association between vitamin D and risk of

colorectal cancer: a systematic review of prospective studies. J Clin Oncol. 2011; 29(28):3775-82.
[PubMed: 21876081]

. Keum N, Aune D, Greenwood DC, Ju W, Giovannucci EL. Calcium intake and colorectal cancer

risk: dose-response meta-analysis of prospective observational studies. Int J Cancer. 2014; 135(8):
1940-8. [PubMed: 24623471]

. Aune D, Chan DS, Lau R, Vieira R, Greenwood DC, Kampman E, et al. Dietary fibre, whole grains,

and risk of colorectal cancer: systematic review and dose-response meta-analysis of prospective
studies. BMJ. 2011; 343:d6617. [PubMed: 22074852]

. Aune D, Lau R, Chan DS, Vieira R, Greenwood DC, Kampman E, et al. Nonlinear reduction in risk

for colorectal cancer by fruit and vegetable intake based on meta-analysis of prospective studies.
Gastroenterology. 2011; 141(1):106-18. [PubMed: 21600207]

. Chan DS, Lau R, Aune D, Vieira R, Greenwood DC, Kampman E, et al. Red and processed meat

and colorectal cancer incidence: meta-analysis of prospective studies. PLoS One. 2011;
6(6):220456. [PubMed: 21674008]

. Giovannucci E. Epidemiologic studies of folate and colorectal neoplasia: a review. J Nutr. 2002;

132(8 Suppl):2350S-5S. [PubMed: 12163691]

10. Kennedy DA, Stern SJ, Matok I, Moretti ME, Sarkar M, Adams-Webber T, et al. Folate Intake,

MTHFR Polymorphisms, and the Risk of Colorectal Cancer: A Systematic Review and Meta-
Analysis. J Cancer Epidemiol. 2012; 2012:952508. [PubMed: 23125859]

11. Taioli E, Garza MA, Ahn YO, Bishop DT, Bost J, Budai B, et al. Meta- and pooled analyses of the

methylenetetrahydrofolate reductase (MTHFR) C677T polymorphism and colorectal cancer: a
HuGE-GSEC review. Am J Epidemiol. 2009; 170(10):1207-21. [PubMed: 19846566]

12. Cole BF, Baron JA, Sandler RS, Haile RW, Ahnen DJ, Bresalier RS, et al. Folic acid for the

prevention of colorectal adenomas: a randomized clinical trial. Jama. 2007; 297(21):2351-9.
[PubMed: 17551129]

13. Ulrich CM. Folate and cancer prevention--where to next? Counterpoint. Cancer Epidemiol

Biomarkers Prev. 2008; 17(9):2226-30. [PubMed: 18768487]

14. Vollset SE, Clarke R, Lewington S, Ebbing M, Halsey J, Lonn E, et al. Effects of folic acid

supplementation on overall and site-specific cancer incidence during the randomised trials: meta-
analyses of data on 50,000 individuals. Lancet. 2013; 381(9871):1029-36. [PubMed: 23352552]

15. Ma J, Stampfer MJ, Giovannucci E, Artigas C, Hunter DJ, Fuchs C, et al.

Methylenetetrahydrofolate reductase polymorphism, dietary interactions, and risk of colorectal
cancer. Cancer Res. 1997; 57(6):1098-102. [PubMed: 9067278]

16. Ashmore JH, Lesko SM, Muscat JE, Gallagher CJ, Berg AS, Miller PE, et al. Association of

dietary and supplemental folate intake and polymorphisms in three FOCM pathway genes with
colorectal cancer in a population-based case-control study. Genes Chromosomes Cancer. 2013;
52(10):945-53. [PubMed: 23893618]

17. Chen J, Giovannucci E, Kelsey K, Rimm EB, Stampfer MJ, Colditz GA, etal. A

methylenetetrahydrofolate reductase polymorphism and the risk of colorectal cancer. Cancer Res.
1996; 56(21):4862-4. [PubMed: 8895734]

18. Lee JE, Wei EK, Fuchs CS, Hunter DJ, Lee IM, Selhub J, et al. Plasma folate,

methylenetetrahydrofolate reductase (MTHFR), and colorectal cancer risk in three large nested
case-control studies. Cancer Causes Control. 2012; 23(4):537-45. [PubMed: 22367721]

Curr Nutr Rep. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kantor and Giovannucci

19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Page 11

. Chen J, Giovannucci E, Hankinson SE, Ma J, Willett WC, Spiegelman D, et al. A prospective
study of methylenetetrahydrofolate reductase and methionine synthase gene polymorphisms, and
risk of colorectal adenoma. Carcinogenesis. 1998; 19(12):2129-32. [PubMed: 9886567]

Giovannucci E, Chen J, Smith-Warner SA, Rimm EB, Fuchs CS, Palomeque C, et al.
Methylenetetrahydrofolate reductase, alcohol dehydrogenase, diet, and risk of colorectal
adenomas. Cancer Epidemiol Biomarkers Prev. 2003; 12(10):970-9. [PubMed: 14578131]

Han SS, Sue LY, Berndt Sl, Selhub J, Burdette LA, Rosenberg PS, et al. Associations between
genes in the one-carbon metabolism pathway and advanced colorectal adenoma risk in individuals
with low folate intake. Cancer Epidemiol Biomarkers Prev. 2012; 21(3):417-27. [PubMed:
22253295]

Curtin K, Bigler J, Slattery ML, Caan B, Potter JD, Ulrich CM. MTHFR C677T and A1298C
polymorphisms: diet, estrogen, and risk of colon cancer. Cancer Epidemiol Biomarkers Prev.
2004; 13(2):285-92. [PubMed: 14973104]

Figueiredo JC, Levine AJ, Grau MV, Midttun O, Ueland PM, Ahnen DJ, et al. Vitamins B2, B6,
and B12 and risk of new colorectal adenomas in a randomized trial of aspirin use and folic acid
supplementation. Cancer Epidemiol Biomarkers Prev. 2008; 17(8):2136-45. [PubMed: 18708408]

Figueiredo JC, Levine AJ, Lee WH, Conti DV, Poynter JN, Campbell PT, et al. Genes involved
with folate uptake and distribution and their association with colorectal cancer risk. Cancer Causes
Control. 2010; 21(4):597-608. [PubMed: 20037791]

Jung AY, Poole EM, Bigler J, Whitton J, Potter JD, Ulrich CM. DNA methyltransferase and
alcohol dehydrogenase: gene-nutrient interactions in relation to risk of colorectal polyps. Cancer
Epidemiol Biomarkers Prev. 2008; 17(2):330-8. [PubMed: 18268116]

Koushik A, Kraft P, Fuchs CS, Hankinson SE, Willett WC, Giovannucci EL, et al.
Nonsynonymous polymorphisms in genes in the one-carbon metabolism pathway and associations
with colorectal cancer. Cancer Epidemiol Biomarkers Prev. 2006; 15(12):2408-17. [PubMed:
17164363]

Liu AY, Scherer D, Poole E, Potter JD, Curtin K, Makar K, et al. Gene-diet-interactions in folate-
mediated one-carbon metabolism modify colon cancer risk. Mol Nutr Food Res. 2013; 57(4):721-
34. [PubMed: 22961839]

Ma J, Stampfer MJ, Christensen B, Giovannucci E, Hunter DJ, Chen J, et al. A polymorphism of
the methionine synthase gene: association with plasma folate, vitamin B12, homocyst(e)ine, and
colorectal cancer risk. Cancer Epidemiol Biomarkers Prev. 1999; 8(9):825-9. [PubMed:
10498402]

Morita M, Yin G, Yoshimitsu S, Ohnaka K, Toyomura K, Kono S, et al. Folate-related nutrients,
genetic polymorphisms, and colorectal cancer risk: the fukuoka colorectal cancer study. Asian Pac
J Cancer Prev. 2013; 14(11):6249-56. [PubMed: 24377513]

Slattery ML, Potter JD, Samowitz W, Schaffer D, Leppert M. Methylenetetrahydrofolate
reductase, diet, and risk of colon cancer. Cancer Epidemiol Biomarkers Prev. 1999; 8(6):513-8.
[PubMed: 10385141]

Seitz HK, Maurer B, Stickel F. Alcohol consumption and cancer of the gastrointestinal tract. Dig
Dis. 2005; 23(3-4):297-303. [PubMed: 16508294]

Volpato S, Pahor M, Ferrucci L, Simonsick EM, Guralnik JM, Kritchevsky SB, et al. Relationship
of alcohol intake with inflammatory markers and plasminogen activator inhibitor-1 in well-
functioning older adults: the Health, Aging, and Body Composition study. Circulation. 2004;
109(5):607-12. [PubMed: 14769682]

Levine AJ, Siegmund KD, Ervin CM, Diep A, Lee ER, Frankl HD, et al. The
methylenetetrahydrofolate reductase 677C-->T polymorphism and distal colorectal adenoma risk.
Cancer Epidemiol Biomarkers Prev. 2000; 9(7):657-63. [PubMed: 10919734]

Ulrich CM, Kampman E, Bigler J, Schwartz SM, Chen C, Bostick R, et al. Colorectal adenomas
and the C677T MTHFR polymorphism: evidence for gene-environment interaction? Cancer
Epidemiol Biomarkers Prev. 1999; 8(8):659-68. [PubMed: 10744125]

Ding W, Zhou DL, Jiang X, Lu LS. Methionine synthase A2756G polymorphism and risk of
colorectal adenoma and cancer: evidence based on 27 studies. PLoS One. 2013; 8(4):e60508.
[PubMed: 23593229]

Curr Nutr Rep. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kantor and Giovannucci

36

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Page 12

. Tiemersma EW, Wark PA, Ocke MC, Bunschoten A, Otten MH, Kok FJ, et al. Alcohol
consumption, alcohol dehydrogenase 3 polymorphism, and colorectal adenomas. Cancer
Epidemiol Biomarkers Prev. 2003; 12(5):419-25. [PubMed: 12750236]

Chen J, Ma J, Stampfer MJ, Hines LM, Selhub J, Hunter DJ. Alcohol dehydrogenase 3 genotype is
not predictive for risk of colorectal cancer. Cancer Epidemiol Biomarkers Prev. 2001; 10(12):
1303-4. [PubMed: 11751450]

Jokelainen K, Roine RP, VVaananen H, Farkkila M, Salaspuro M. In vitro acetaldehyde formation
by human colonic bacteria. Gut. 1994; 35(9):1271-4. [PubMed: 7959236]

Vogel U, Christensen J, Dybdahl M, Friis S, Hansen RD, Wallin H, et al. Prospective study of
interaction between alcohol, NSAID use and polymorphisms in genes involved in the
inflammatory response in relation to risk of colorectal cancer. Mutat Res. 2007; 624(1-2):88-100.
[PubMed: 17544013]

Loh YH, Mitrou PN, Bowman R, Wood A, Jeffery H, Luben RN, et al. MGMT lle143Val
polymorphism, dietary factors and the risk of breast, colorectal and prostate cancer in the
European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk study. DNA Repair
(Amst). 2010; 9(4):421-8. [PubMed: 20096652]

Tranah GJ, Giovannucci E, Ma J, Fuchs C, Hunter DJ. APC Asp1822Val and Gly2502Ser
polymorphisms and risk of colorectal cancer and adenoma. Cancer Epidemiol Biomarkers Prev.
2005; 14(4):863-70. [PubMed: 15824157]

Jenab M, McKay J, Bueno-de-Mesquita HB, van Duijnhoven FJ, Ferrari P, Slimani N, et al.
Vitamin D receptor and calcium sensing receptor polymorphisms and the risk of colorectal cancer
in European populations. Cancer Epidemiol Biomarkers Prev. 2009; 18(9):2485-91. [PubMed:
19706842]

Poynter JN, Jacobs ET, Figueiredo JC, Lee WH, Conti DV, Campbell PT, et al. Genetic variation
in the vitamin D receptor (VDR) and the vitamin D-binding protein (GC) and risk for colorectal
cancer: results from the Colon Cancer Family Registry. Cancer Epidemiol Biomarkers Prev. 2010;
19(2):525-36. [PubMed: 20086113]

Slattery ML, Neuhausen SL, Hoffman M, Caan B, Curtin K, Ma KN, et al. Dietary calcium,
vitamin D, VDR genotypes and colorectal cancer. Int J Cancer. 2004; 111(5):750-6. [PubMed:
15252846]

Boyapati SM, Bostick RM, McGlynn KA, Fina MF, Roufail WM, Geisinger KR, et al. Calcium,
vitamin D, and risk for colorectal adenoma: dependency on vitamin D receptor Bsml
polymorphism and nonsteroidal anti-inflammatory drug use? Cancer Epidemiol Biomarkers Prev.
2003; 12(7):631-7. [PubMed: 12869402]

Ingles SA, Wang J, Coetzee GA, Lee ER, Frankl HD, Haile RW. Vitamin D receptor
polymorphisms and risk of colorectal adenomas (United States). Cancer Causes Control. 2001;
12(7):607-14. [PubMed: 11552708]

Peters U, Hayes RB, Chatterjee N, Shao W, Schoen RE, Pinsky P, et al. Circulating vitamin D
metabolites, polymorphism in vitamin D receptor, and colorectal adenoma risk. Cancer Epidemiol
Biomarkers Prev. 2004; 13(4):546-52. [PubMed: 15066918]

Peters U, McGlynn KA, Chatterjee N, Gunter E, Garcia-Closas M, Rothman N, et al. Vitamin D,
calcium, and vitamin D receptor polymorphism in colorectal adenomas. Cancer Epidemiol
Biomarkers Prev. 2001; 10(12):1267-74. [PubMed: 11751444]

Hiraki LT, Joshi AD, Ng K, Fuchs CS, Ma J, Hazra A, et al. Joint effects of colorectal cancer
susceptibility loci, circulating 25-hydroxyvitamin D and risk of colorectal cancer. PLoS One.
2014; 9(3):€92212. [PubMed: 24670869]

Dong LM, Ulrich CM, Hsu L, Duggan DJ, Benitez DS, White E, et al. Vitamin D related genes,
CYP24A1 and CYP27B1, and colon cancer risk. Cancer Epidemiol Biomarkers Prev. 2009; 18(9):
2540-8. [PubMed: 19706847]

Dong LM, Ulrich CM, Hsu L, Duggan DJ, Benitez DS, White E, et al. Genetic variation in
calcium-sensing receptor and risk for colon cancer. Cancer Epidemiol Biomarkers Prev. 2008;
17(10):2755-65. [PubMed: 18843020]

Curr Nutr Rep. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kantor and Giovannucci

52

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Page 13

. Peters U, Chatterjee N, Yeager M, Chanock SJ, Schoen RE, McGlynn KA, et al. Association of
genetic variants in the calcium-sensing receptor with risk of colorectal adenoma. Cancer
Epidemiol Biomarkers Prev. 2004; 13(12):2181-6. [PubMed: 15598778]

Zhu X, Liang J, Shrubsole MJ, Ness RM, Cai Q, Long J, et al. Calcium Intake and lon Transporter
Genetic Polymorphisms Interact in Human Colorectal Neoplasia Risk in a 2-Phase Study. J Nutr.
2014

Lipkin M, Reddy B, Newmark H, Lamprecht SA. Dietary factors in human colorectal cancer.
Annual review of nutrition. 1999; 19:545-86.

Weickert MO, Pfeiffer AF. Metabolic effects of dietary fiber consumption and prevention of
diabetes. The Journal of nutrition. 2008; 138(3):439-42. [PubMed: 18287346]

Ajani UA, Ford ES, Mokdad AH. Dietary fiber and C-reactive protein: findings from national
health and nutrition examination survey data. J Nutr. 2004; 134(5):1181-5. [PubMed: 15113967]
Andersen V, Egeberg R, Tjonneland A, Vogel U. Interaction between interleukin-10 (IL-10)
polymorphisms and dietary fibre in relation to risk of colorectal cancer in a Danish case-cohort
study. BMC Cancer. 2012; 12:183. [PubMed: 22594912]

Slattery ML, Lundgreen A, Herrick JS, Caan BJ, Potter JD, Wolff RK. Diet and colorectal cancer:
analysis of a candidate pathway using SNPS, haplotypes, and multi-gene assessment. Nutr Cancer.
2011; 63(8):1226-34. [PubMed: 21999454]

Andersen V, Egeberg R, Tjonneland A, Vogel U. ABCC2 transporter gene polymorphisms, diet
and risk of colorectal cancer: a Danish prospective cohort study. Scand J Gastroenterol. 2012;
47(5):572-4. [PubMed: 22428913]

Turner F, Smith G, Sachse C, Lightfoot T, Garner RC, Wolf CR, et al. Vegetable, fruit and meat
consumption and potential risk modifying genes in relation to colorectal cancer. Int J Cancer.
2004; 112(2):259-64. [PubMed: 15352038]

Koushik A, Hunter DJ, Spiegelman D, Beeson WL, van den Brandt PA, Buring JE, et al. Fruits,
vegetables, and colon cancer risk in a pooled analysis of 14 cohort studies. J Natl Cancer Inst.
2007; 99(19):1471-83. [PubMed: 17895473]

Tse G, Eslick GD. Cruciferous vegetables and risk of colorectal neoplasms: a systematic review
and meta-analysis. Nutr Cancer. 2014; 66(1):128-39. [PubMed: 24341734]

Wu QJ, Yang Y, Vogtmann E, Wang J, Han LH, Li HL, et al. Cruciferous vegetables intake and
the risk of colorectal cancer: a meta-analysis of observational studies. Ann Oncol. 2013; 24(4):
1079-87. [PubMed: 23211939]

Epplein M, Wilkens LR, Tiirikainen M, Dyba M, Chung FL, Goodman MT, et al. Urinary
isothiocyanates; glutathione S-transferase M1, T1, and P1 polymorphisms; and risk of colorectal
cancer: the Multiethnic Cohort Study. Cancer Epidemiol Biomarkers Prev. 2009; 18(1):314-20.
[PubMed: 19124514]

Vogtmann E, Xiang YB, Li HL, Cai Q, Wu QJ, Xie L, et al. Cruciferous vegetables, glutathione S-
transferase polymorphisms, and the risk of colorectal cancer among Chinese men. Ann Epidemiol.
2014; 24(1):44-9. [PubMed: 24238877]

Slattery ML, Kampman E, Samowitz W, Caan BJ, Potter JD. Interplay between dietary inducers of
GST and the GSTM-1 genotype in colon cancer. Int J Cancer. 2000; 87(5):728-33. [PubMed:
10925368]

Lin HJ, Probst-Hensch NM, Louie AD, Kau IH, Witte JS, Ingles SA, et al. Glutathione transferase
null genotype, broccoli, and lower prevalence of colorectal adenomas. Cancer Epidemiol
Biomarkers Prev. 1998; 7(8):647-52. [PubMed: 9718215]

Seow A, Yuan JM, Sun CL, Van Den Berg D, Lee HP, Yu MC. Dietary isothiocyanates,
glutathione S-transferase polymorphisms and colorectal cancer risk in the Singapore Chinese
Health Study. Carcinogenesis. 2002; 23(12):2055-61. [PubMed: 12507929]

Giovannucci E, Goldin B. The role of fat, fatty acids, and total energy intake in the etiology of
human colon cancer. Am J Clin Nutr. 1997; 66(6 Suppl):1564S-71S. [PubMed: 9394716]
Roberts-Thomson IC, Ryan P, Khoo KK, Hart WJ, McMichael AJ, Butler RN. Diet, acetylator
phenotype, and risk of colorectal neoplasia. Lancet. 1996; 347(9012):1372-4. [PubMed: 8637343]

Curr Nutr Rep. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kantor and Giovannucci

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

82.

83.

84.

85.

86.

88.

Page 14

. Chen J, Stampfer MJ, Hough HL, Garcia-Closas M, Willett WC, Hennekens CH, et al. A
prospective study of N-acetyltransferase genotype, red meat intake, and risk of colorectal cancer.
Cancer Res. 1998; 58(15):3307-11. [PubMed: 9699660]

Chan AT, Tranah GJ, Giovannucci EL, Willett WC, Hunter DJ, Fuchs CS. Prospective study of N-
acetyltransferase-2 genotypes, meat intake, smoking and risk of colorectal cancer. Int J Cancer.
2005; 115(4):648-52. [PubMed: 15700302]

Welfare MR, Cooper J, Bassendine MF, Daly AK. Relationship between acetylator status,
smoking, and diet and colorectal cancer risk in the north-east of England. Carcinogenesis. 1997;
18(7):1351-4. [PubMed: 9230278]

Barrett JH, Smith G, Waxman R, Gooderham N, Lightfoot T, Garner RC, et al. Investigation of
interaction between N-acetyltransferase 2 and heterocyclic amines as potential risk factors for
colorectal cancer. Carcinogenesis. 2003; 24(2):275-82. [PubMed: 12584178]

Kampman E, Slattery ML, Bigler J, Leppert M, Samowitz W, Caan BJ, et al. Meat consumption,
genetic susceptibility, and colon cancer risk: a United States multicenter case-control study.
Cancer Epidemiol Biomarkers Prev. 1999; 8(1):15-24. [PubMed: 9950235]

Tiemersma EW, Kampman E, Bueno de Mesquita HB, Bunschoten A, van Schothorst EM, Kok FJ,
et al. Meat consumption, cigarette smoking, and genetic susceptibility in the etiology of colorectal
cancer: results from a Dutch prospective study. Cancer Causes Control. 2002; 13(4):383-93.
[PubMed: 12074508]

Sundberg K, Widersten M, Seidel A, Mannervik B, Jernstrom B. Glutathione conjugation of bay-
and fjord-region diol epoxides of polycyclic aromatic hydrocarbons by glutathione transferases
M1-1 and P1-1. Chemical research in toxicology. 1997; 10(11):1221-7. [PubMed: 9403173]
Andersen V, Ostergaard M, Christensen J, Overvad K, Tjonneland A, Vogel U. Polymorphisms in
the xenobiotic transporter Multidrug Resistance 1 (MDR1) and interaction with meat intake in
relation to risk of colorectal cancer in a Danish prospective case-cohort study. BMC Cancer. 2009;
9:407. [PubMed: 19930591]

Andersen V, Christensen J, Overvad K, Tjonneland A, Vogel U. Polymorphisms in NFkB, PXR,
LXR and risk of colorectal cancer in a prospective study of Danes. BMC Cancer. 2010; 10:484.
[PubMed: 20836841]

Kuriki K, Hirose K, Matsuo K, Wakai K, Ito H, Kanemitsu Y, et al. Meat, milk, saturated fatty
acids, the Pro12Ala and C161T polymorphisms of the PPARgamma gene and colorectal cancer
risk in Japanese. Cancer Sci. 2006; 97(11):1226-35. [PubMed: 16965392]

Hutter CM, Chang-Claude J, Slattery ML, Pflugeisen BM, Lin Y, Duggan D, et al.
Characterization of gene-environment interactions for colorectal cancer susceptibility loci. Cancer
Res. 2012; 72(8):2036—-44. [PubMed: 22367214]

*This consortium-based paper evaluates gene-environment interaction involving established CRC
susceptibility loci

Kantor ED, Hutter CM, Minnier J, Berndt SI, Brenner H, Caan BJ, et al. Gene-environment
interaction involving recently identified colorectal cancer susceptibility Loci. Cancer Epidemiol
Biomarkers Prev. 2014; 23(9):1824-33. [PubMed: 24994789]

Kocarnik JD, Hutter CM, Slattery ML, Berndt SI, Hsu L, Duggan DJ, et al. Characterization of
9p24 risk locus and colorectal adenoma and cancer: gene-environment interaction and meta-
analysis. Cancer Epidemiol Biomarkers Prev. 2010; 19(12):3131-9. [PubMed: 20978172]

Yang B, Thyagarajan B, Gross MD, Fedirko V, Goodman M, Bostick RM. No evidence that
associations of incident, sporadic colorectal adenoma with its major modifiable risk factors differ
by chromosome 8q24 region rs6983267 genotype. Mol Carcinog. 2014; 53(Suppl 1):E193-200.
[PubMed: 24115145]

Kantor ED, Lampe JW, Peters U, Vaughan TL, White E. Long-chain omega-3 polyunsaturated
fatty acid intake and risk of colorectal cancer. Nutr Cancer. 2014; 66(4):716-27. [PubMed:
24053119]

Figueiredo JC, Hsu L, Hutter CM, Lin Y, Campbell PT, Baron JA, et al. Genome-wide diet-gene
interaction analyses for risk of colorectal cancer. PLoS Genet. 2014; 10(4):e1004228. [PubMed:
24743840]

*This paper evaluates gene-diet interaction across the entire genome

Curr Nutr Rep. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Kantor and Giovannucci

87

88.

89.

92.

90.

91.

92.

93.

94.

Page 15

Du M, Zhang X, Hoffmeister M, Schoen RE, Baron J, Berndt Sl, et al. No evidence of gene-
calcium interactions from genome-wide analysis of colorectal cancer risk. Cancer Epidemiol
Biomarkers Prev. 2014

Figueiredo JC, Lewinger JP, Song C, Campbell PT, Conti DV, Edlund CK, et al. Genotype-
environment interactions in microsatellite stable/microsatellite instability-low colorectal cancer:
results from a genome-wide association study. Cancer Epidemiol Biomarkers Prev. 2011; 20(5):
758-66. [PubMed: 21357381]

Hutter CM, Mechanic LE, Chatterjee N, Kraft P, Gillanders EM. Gene-environment interactions in
cancer epidemiology: a National Cancer Institute Think Tank report. Genet Epidemiol. 2013;
37(7):643-57. [PubMed: 24123198]

**This paper provides a comprehensive discussion of the current state of gene-environment
interaction in cancer epidemiology, and discusses methodological approaches used to evaluate
interaction

Fernandez-Rozadilla C, Cazier JB, Tomlinson I, Brea-Fernandez A, Lamas MJ, Baiget M, et al. A
genome-wide association study on copy-number variation identifies a 11q11 loss as a candidate
susceptibility variant for colorectal cancer. Hum Genet. 2014; 133(5):525-34. [PubMed:
24218287]

Bind MA, Coull B, Suh H, Wright R, Baccarelli A, VVokonas P, et al. A novel genetic score
approach using instruments to investigate interactions between pathways and environment:
application to air pollution. PLoS One. 2014; 9(4):96000. [PubMed: 24755831]

Resler AJ, Malone KE, Johnson LG, Malkki M, Petersdorf EW, McKnight B, et al. Genetic
variation in TLR or NFkappaB pathways and the risk of breast cancer: a case-control study. BMC
Cancer. 2013; 13:219. [PubMed: 23634849]

Shui IM, Mucci LA, Kraft P, Tamimi RM, Lindstrom S, Penney KL, et al. Vitamin D-related
genetic variation, plasma vitamin D, and risk of lethal prostate cancer: a prospective nested case-
control study. J Natl Cancer Inst. 2012; 104(9):690-9. [PubMed: 22499501]

Slattery ML, Wolff RK, Lundgreen A. A Pathway Approach to Evaluating the Association
between the CHIEF Pathway and Risk of Colorectal Cancer. Carcinogenesis. 2014

Curr Nutr Rep. Author manuscript; available in PMC 2016 March 01.



