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Linkages between diet habits and cancer risk have surfaced from a multitude of epidemiological
and preclinical studies. Collectively these studies provide rather compelling evidence that diet-
ary components modify the incidence and biological behavior of tumors. While the risk of
breast, prostate, colon, lung and liver cancers are frequently associated with dietary patterns,
inconsistencies are not uncommon. These inconsistencies likely reflect the multi-factorial and
complex nature of cancer and the specificity that individual dietary constituents have in
modifying cancer related genetic pathways. The complexity of defining the role of diet is under-
scored by the numerous and diverse essential and non-essential components that may alter one
or more phases of the cancer process. The explosive increase in the recognition of genes and
pathways for regulating cell growth and development, and evaluating the response to hormones
and other chemicals synthesized by the body, offers exciting opportunities for unraveling the
molecular targets by which dietary components influence cancer prevention. It is recognized
that all cells have unique ‘signatures’ that are characterized by active and inactive genes and
cellular products. It is certainly plausible that bridging knowledge about these unique cellular
characteristics with the molecular targets for nutrients can be used to assist in optimizing
nutrition and minimizing cancer risk.

Diet: Cancer: Polymorphism: Genes: Phytochemicals

Introduction

Belief in the medicinal powers of foods is not a new con-
cept but has been passed down for generations. Hippo-
crates is frequently quoted as saying around 2500 years
ago ‘Let food be thy medicine and medicine be thy
food.’ Today claims about the ability of foods and food
components to reduce disease risks or enhance the quality
of life continue to captivate consumers. Undeniably a strat-
egy that utilizes foods and their components to optimize
nutrition to achieve genetic potential, improve physical
and cognitive performance and reduce the risk of some
diseases, including cancer, is highly commendable and
appropriate for reducing health care cost and improving
the quality of life. While defining the most effective diet
for an individual will not be easy there is mounting scien-
tific evidence to believe that a dietary approach is feasible.

Numerous observational studies point to the likelihood
that diet is a significant determinant of cancer risk
Weisburger, 2000; Van Duyn & Pivonka, 2000;
Wargovich, 1999). Much of this evidence indicates that
the greatest protection coincides with greater fruit,

vegetable and grain consumption. While it has been
almost three decades since dietary habits were proposed
to account for 60 % of cancers in women and more than
40 % in men (Wydner & Gori, 1977), the foods and/or
components that provide the greatest protection remains
largely obscure. Nevertheless, intriguing preclinical and
epidemiological studies provide evidence linking various
nutrients – defined here as any substances ingested in the
diet that have physiological effects – and cancer. The
past decade has witnessed the publication of several
articles that question the role of diet in the cancer process
(Smith-Warner et al. 2001; Schatzkin et al. 2000) and thus
have raised concerns about what is and is not physiologi-
cally important and the circumstances that may dictate
the overall response (Martinez & Giovannucci, 1997;
Milner, 2000a,b, Whiteley & Klurfeld, 2000). Increasingly
genetics are being recognized to have an intimate involve-
ment in directing the cancer process and thus a likely
modifier of the response to diet. A greater focus on
research to address how nutrients influence genetic path-
ways associated with cancer and visa versa offers hope
to untangling this conundrum.

Note: For the definition of the terms inulin and oligofructose please refer to the introductory paper (p. S139) and its footnote.
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Numerous dietary modifiers and biological responses

To date more than 500 dietary compounds have been
identified as potential modifiers of cancer. Both essential
and non-essential-allelochemicals in plants, as well as
zoochemicals occurring in animal products, may be
physiologically important modifiers. Compounds encom-
passing such diverse categories as carotenoids,
dithiolthiones, flavonoids, glucosinolates, isothiocyanates,
allyl sulfhydryls and fermentable fibers have been found
to influence experimentally induced cancers. Numerous
reviews extolling the merits (and possible risk) of these
and other bioactive food components have surfaced in
recent years (Potter, 1997; Craig, 1997; Diplock et al.
1998; Milner, 2000a; Gill & Cross, 2000; Abdulla &
Gruber, 2000). Increasingly nutrients are being recognized
to influence genetic and epigenetic processes that deter-
mine cellular metabolism, differentiation and apoptosis
(Bradlow et al. 1999; Lipkin et al. 1999; Knowles &
Milner, 2000; Zhu & Williams, 1998). While the study
of ‘Nutritional Genomics’ is in its infancy it is beginning
to reveal that nutrient excesses and deficiencies can bring
about a host of genomic and proteonomic changes.
Regardless of whether the molecular target is at the tran-
scription, translation or post-translational level the net
result is an up- or down-regulation of specific gene
products.

Complementary and overlapping mechanisms appear to
account for the response to bioactive food components.
These biological responses encompass such diverse func-
tions as serving as an antioxidant, promoting the activity
of detoxification enzymes, blocking carcinogen formation
(such as with nitrosamines), shifting hormonal homeo-
stasis, retarding cell division, and inducting apoptosis.
Since more than one of these responses may occur simul-
taneously it is difficult to determine which is most import-
ant in dictating the change in cancer risk and/or tumor
behavior. Table 1 lists some of the likely mechanisms by
which dietary components may suppress the cancer pro-
cess. It is clear that some nutrients can bring about the

opposite effects and thereby enhance carcinogenesis. The
ability of several nutrients to influence the same biological
processes raises issues about possible synergy, as well as
antagonistic interactions, among dietary components.

A host of factors can contribute to DNA instability and
ultimately to tumor development. Endogenous agents,
including methylating species and reactive oxygen species
arising during normal cellular respiration, are recognized to
lead to DNA damage. Some nutrients such as unsaturated
fatty acids and iron may influence this process by pro-
moting the formation of the damaging agents, while other
components such as some flavonoids and folate may func-
tion to enhance endogenous repair mechanisms. Support
for this contention comes from recent observation that an
aqueous fraction of Fushimi sweet pepper increases
repair against UV-induced cyclobutane pyrimidine dimers
in human fibroblasts (Nakamura et al. 2000). Other data
point to the essentiality of folate in maintaining normal
DNA synthesis and repair (Duthie et al. 2000). Some diet-
ary components may also retard repair as has been
suggested following alcohol exposure (Asami et al.
2000). The importance of understanding how nutrients
influence repair processes resides in determining the direc-
tion the cell takes in modifying cell cycle checkpoints and/
or apoptosis. Unquestionably, DNA replication is central to
cell growth, development, and generation of tissues and
organs. Recent advances in understanding replication
machinery have revealed striking conservation of com-
ponents involved in the DNA replication processes, from
yeast to humans, thus raising the possibility of using
various models to test the site of action of nutrients.

Cell homeostasis is regulated by a delicate balance
among proliferation, growth arrest, differentiation and
apoptosis (programmed cell death). While vitamin A has
been repeatedly linked to differentiation, other nutrients
such as vitamin D and lignan can also be involved (Ward
et al. 2000; Basak et al. 2001; Gray et al. 2001). Dys-
regulation of apoptosis is frequently accompanied with
the pathogenesis arising from a wide array of conditions
including cancer, neurodegeneration, autoimmunity, heart
disease and others. Diverse nutrients including plant
sterols, selenium and even butyrate arising from fermenta-
ble fibers may promote apoptosis (Awad & Fink, 2000;
Schrauzer, 2000; Chapkin et al. 2000). One of the major
issues to be addressed is if typical intakes of these dietary
components are sufficient to bring about these effects.

Evidence already exists that the transcriptional silencing
of selected genes by DNA methylation plays a crucial role
in a number of diseased states including cancer (Ahuja &
Issa, 2000). Evidence with yeast indicates that caloric
restriction can lead to the silencing of a variety of genes
(Guarente & Kenyon, 2000). Caloric restriction has
repeatedly been found to retard chemically induced and
spontaneous tumors in model systems (Kritchevsky,
1999). Genes involving cell cycle regulation, DNA
repair, angiogenesis, and apoptosis are all inactivated by
the hypermethylation of their respective 50 CpG islands.
Key regulatory genes including E-cadherin, pi-class
glutathione S-transferase, the tumor suppressors cyclin-
dependent kinases (CDKN2) and phosphatase gene
(PTEN), and insulin-like growth factor (IGF-II) targeted

Table 1. Mechanisms by which nutrients may suppress the cancer
process

† Inhibit genetic damage caused by endogenous and exogenous
agents by:

Inhibiting carcinogen uptake
Retarding activation
Enhancing detoxification
Scavenging oxygen radicals
Preventing DNA binding

† Influence repair structural/functional genetic defects by:
Enhancing endogenous repair
Restoring proper methylation

† Eliminate damaged cells or clones by:
Inducing apoptosis
Promoting differentiation
Enhancing immunosurveillance

† Suppress growth and clonal evolution by:
Slowing or stopping proliferation
Retarding angiogenesis
Inhibiting invasion
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histone acetylation/deacetylation are influenced by DNA
hypermethylation. While folate intake is recognized to
influence DNA methylation patterns other nutrients such
as selenium can also have an impact (Duthie, 1999;
Davis et al. 2000). Restoring proper methylation may
represent a fundamental process by which selected
nutrients are able to influence the cancer process.

In addition to influencing immunocompetence, the avail-
ability of nutrients can influence the invasiveness of tumors
and retard angiogenesis. The importance of this obser-
vation is that angiogenesis is a prerequisite for tumor
growth and metastasis. Vascular endothelial cell prolifer-
ation, migration, and capillary formation are all known to
be stimulated by several angiogenic growth factors as
well as eicosanoids synthesized from n-6 fatty acids
(Rose & Connolly, 2000). Clinical studies provide evi-
dence that angiogenesis in solid tumors relates to a poor
prognosis. Lipoxygenase and cyclo-oxygenase products
of n-6 fatty acid metabolism are angiogenic in in vitro
assays. The activity of both of these enzymes can be sup-
pressed by the consumption of resveratrol found in grapes,
or n-3 fatty acids occurring in fish (Subbaramaiah et al.
1999; Pinto et al. 1999; Rose & Connolly, 2000). Like-
wise, genistein found in soybean products and selenium
found in fish and grains have been reported to influence
angiogenesis by still to be defined mechanisms (Jiang
et al. 1999; Zhou et al. 1999).

Collectively, overwhelming evidence demonstrates that
a variety of nutrients can influence a number of key
intracellular targets. Determining which one of these tar-
gets is most important in altering tumor growth will not
be a simple task. Likewise, unraveling the multitude of
interactions among nutrients with these key events makes
the challenge even more daunting. Finally inter-individual
differences probably reflecting genetic polymorphisms can
mask the response to a nutrient and thereby complicate this
undertaking to an even greater extent. Nevertheless,
deciphering the role of diet is fundamental to optimizing
health. With this information the reason for the inconsis-
tencies in the nutrition and cancer literature will be
revealed and meaningful and tailored strategies can be
developed to assist individuals in minimizing their cancer
risk.

Dynamics between biomarkers and long-term
intervention

Scientifically sound intervention studies must be viewed as
the cornerstone for establishing nutrition guidance. Unfor-
tunately, the number of long-term intervention studies that
will be needed to define nutrient interactions will surely be
impractical in terms of speed of discovery and overall cost.
Alternative procedures that utilize sensitive and reliable
biomarkers will need to be developed to assist in determin-
ing who might benefit most, who might be placed at risk
and the minimum quality of the food and/or component
needed to bring about the intended response. Predictors
similar to those used by environmental toxicologists
(Sakai, 2000; Suk & Collman, 1998) will be needed to
evaluate the benefits/risk accompanying exaggerated use
of functional foods and their components. Thus biomarkers

are needed that can assess: (i) the active agent(s) capable of
modifying target tissues (intake/exposure Biomarker), (ii)
specific and reliable biological responses which evaluate
directly or indirectly disease risk or health maintenance
(effect biomarker), and (iii) factors modifying the response
such as genetic and the environment (susceptibility bio-
marker) (Milner, 2000b). Clearly, to assess whether a
food or its constituent has a physiological effect it is
imperative that stringent experimental design character-
istics are followed. Several factors including appropriate-
ness of controls, randomization of subjects, blinding,
statistical power of study, presence of bias, attrition rates,
recognition and control of confounding factors (e.g.
weight change or nutrition status) and appropriateness of
statistical tests and comparisons as addressed in a Guidance
document published in the Federal Register (1999). Each
of these factors must become the mainstay for all investi-
gations. Many of these same factors must also be con-
sidered in the conduct of preclinical investigations.
Whatever biomarkers are established it is clear that they
must be readily accessible, easily and reliably assayed, dif-
ferentially expressed in normal and diseased conditions,
directly associated with disease progression, modifiable
and most important ‘predictive’ (Fig. 1). Similar to the
USDA pyramid that is used for dietary guidance it is
likely that the early predicative biomarkers will not be at
the apex because of the lateness of the observation but
be focused at the base where it will be more specific and
timely. Thus, the future of biomarkers likely resides in
the enhanced used of molecular technologies to help
decode who will and will not benefit from intervention
strategies, and as important, who might be placed at
harm because of the approach taken.

Moving beyond observational studies

The future of nutrition and cancer research resides in the
ability to move beyond observational studies to a molecular

Fig. 1. Molecular targets for selenium. Selenium is reported to
influence a number of proteins involved in oxidative stress, drug
detoxification, cell division and apoptosis. Future research needs to
determine which of these changes in most important in bringing
about a change in the incidence or behavior of tumors.
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approach that will allow for tailored recommendations
(Greenwald et al. 2001). The study of nutritional genomics
has the potential to identify definitively which components
in foods bring about either cancer-inhibitory or cancer-
enhancing effects and to clarify their relevant mechan-
isms-of-action; this should lead to the identification of mol-
ecular targets that can be manipulated for cancer
prevention. About 26 000 to 38 000 genes are found in
the first draft of the human genome, which is about
double that found in the fruit fly and worm (Paabo,
2001). A website (gov/ncicgap), part of the recently
launched Cancer Genome Anatomy Project (CGAP) that
was developed jointly by the National Cancer Institute
(NCI) and National Library of Medicine offers scientists
a powerful new tool to study diet and cancer interrelation-
ships. Scientists can literally click on the CGAP website
and submit queries about genes expressed during the devel-
opment of cancer. In response, the CGAP database will
sort through its gene index in seconds and provide a list
of genes relevant to the query; data that a few years ago
might have taken years or even lifetimes to compile. Geno-
mic data for human and mouse, include expressed
sequence tags (EST), gene expression patterns, single
nuclear polymorphisms (SNP), cluster assemblies, and
cytogenetic information. For example while there are
many genes that are expressed in colon tissue about 900
have not been found to be expressed in other tissues. In
addition to genetic information this web site contains infor-
matics tools to query and analyze the data and information
on methods and resources for reagents developed by the
project. All CGAP resources – including cDNA libraries,
clones, and sequence data – are publicly accessible to
scientists.

Nutrients have molecular targets

A fundamental action of a nutrient is to serve as a regulator
of gene expression and/or a modulator of a gene product.
Thus nutrients have specific sites of action which can
best be described as molecular targets. These molecular
targets may be individual genes, molecules that either
result from gene expression or are otherwise affected by
gene expression, or any other molecular events that are
relevant to the process of carcinogenesis. The increasing
recognition of the diversity of molecular targets demon-
strates the complexity and breadth of actions that nutrients
can have in increasing or decreasing cancer risk.

Some of the most compelling evidence that diet can
influence the cancer process comes from the intervention
study by Clark et al. (1996) with selenium yeast as a sup-
plement. Most of the current evidence suggests that while
supplemental selenium may retard cancer risk, classical
selenium deficiency per se may not be prerequisite for
increased risk. Support for this contention is underpinned
by a wealth of studies with cancers arising experimentally
at various sites (Ganther, 1999; Ip, 2000; Liu & Milner,
1992; Redman et al. 1998; Schrauzer, 2000; Sinha et al.
1996; Ip et al. 2000; Davis et al. 2000; Zhu et al. 2000).
Although much of the attention given to selenium has
been about its antioxidant activity, this trace element is
known to bring about a diverse set of biological effects

including a suppression in cell proliferation, enhancement
of immunocompetence, blocking of carcinogen metab-
olism, and the induction of apoptosis (Fig. 2). By identify-
ing which one of the events is most important in altering
the phenotypic characteristics of the tumor it should be
possible to identify who will and might not benefit
from exaggerated intakes of this trace element. The
characterization of the specific molecular target(s) for
this and other nutrients represents a major hurdle for the
science of nutrition. Nevertheless, it is fundamental to
truly understanding the involvement of nutrients in
cancer prevention as well as in other health anomalies.

Another nutrient with apparent significance in the cancer
process is folate (folic acid). Its essential role in de novo
biosynthesis of purines and pyrimidines, and thus DNA
replication and cell division, and for the synthesis of S-ade-
nosylmethionine (SAM), a methyl donor for more than 100
biochemical reactions including methylation of DNA,
places it in a unique position relative to DNA stability
(Kim et al. 1997). These biosynthetic pathways, each of
which is important to DNA metabolism, appear to compete
when the dietary methyl supply is inadequate, as in folate
deficiency, possibly resulting in altered DNA methylation
(an epigenetic event), disruption of DNA integrity, and dis-
ruption of DNA repair and, consequently, increased risk for
carcinogenesis (Choi & Mason, 2000; Mason & Levesque,
1996; Rampersaud et al. 2000). Some of the most compel-
ling evidence linking folate deficiency and cancer comes
from colorectal risk; although evidence does exist that
risk of lung, uterine cervix, esophagus, stomach, pancreas,
liver, breast, and colon/rectum may also be associated
(Mason & Levesque, 1996). Hypomethylation and DNA
strand breaks arising from folate inadequacy may actually
promote the incorporation of viruses such as human papil-
loma virus (HPV) into human DNA (Choi & Mason, 2000;
Piyathilake et al. 2000). In humans, folate administration
significantly reversed hypomethylation in patients with
chronic atrophic gastritis (Fang et al. 1997) and colorectal
cancer (Cravo et al. 1994).

A number of nonessential phytonutrients have also been
found to impact the cancer process. Diethiolethione rep-
resents one class of nutrients that has been reported to
influence a variety of molecular targets associated with

Fig. 2. Intermediate endpoints for evaluating the impact of diet on
cancer prevention. Special thanks to Dr E. Hawk, Chief Gastroin-
testinal and other Cancer Research Group, Division of Cancer Pre-
vention, National Cancer Institute, for his insights into the
development of this figure.

J. A. MilnerS268

https://doi.org/10.1079/BJN
/2002547  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN/2002547


cancer (Kensler et al. 2000). One of the major mechanisms
of protection against carcinogenesis, mutagenesis, and
other forms of toxicity mediated by carcinogens is the
induction of enzymes involved in their metabolism,
particularly phase-2 enzymes such as glutathione
S-transferases, UDP-glucuronosyl transferases, and qui-
none reductases. Animal studies indicate that induction of
phase-2 enzymes is a sufficient condition for obtaining che-
moprevention and can be achieved by administering any of
a diverse array of naturally-occurring and synthetic chemo-
preventive agents. Exposure of rodents to 1,2-dithiole-3-
thiones triggers nuclear accumulation of the transcription
factor Nrf2 and its enhanced binding to the antioxidant
response element, leading to transcriptional activation of
a score of genes involved in carcinogen detoxification
and attenuation of oxidative stress. Nrf2-deficient mice
fail to induce many of these genes in response to oltipraz,
a synthetic dithiolthione (Ramos-Gomez et al. 2001).
Similar studies using transgenic or knock-out animals are
needed to define the precise site of action of not only
isothiocyanates but a host of other nutrients.

The hypothesis that fiber might decrease cancer risk,
especially in the colon, has been a topic of discussion for
well over a quarter of a century. Several mechanisms
have been proposed to account for the epidemiological
findings and the ability of selected fiber to alter risk in
animal models (Table 2). Unfortunately recent intervention
studies raise real issues about what role that fiber has in
cancer prevention, if any (Schatzkin et al. 2000). Schatzkin
et al. (2000) reported that a 4-year study that increased
ingestion of fruits, vegetable and fiber was not
accompanied by a change in the risk of recurrent of
polyps. It is conceivable that for fiber to have an impact
that it has to be introduced earlier in the cancer process
and thus examining individuals who are highly susceptible
to the reoccurrence of polyps may not be the most
appropriate target group. Likewise, this study raises the
possibility that not all fiber sources are equivalent in
their ability to alter cancer risk. This is not a new concept
since it is becoming increasingly apparent that dietary fiber
is not a single entity. While soluble fibers have been
reported to reduce cholesterol concentrations it is clear
that not everyone responds identically again raising the
possibility that selected genes may be instrumental in the
response that occurs (Brown et al. 1999). What genetic
variation might account for this variation in response is a
key question that remains not only with regard to
cholesterol but also for other health related conditions.

Inulin and oligofructose represent intriguing dietary
fermentable fibers that may have an impact on cancer

risk (Roberfroid, 1993). Inulin and oligofructose are fruc-
tans with a degree of polymerization of 2–60 and 2–20,
respectively. Due to the structural conformation they are
resistant to hydrolysis by human alimentary enzymes and
therefore are fermented almost exclusively by colonic bifi-
dobacteria and bacteroides. This fermentation increases
fecal bacterial biomass, decreases ceco-colonic pH, and
produces a large amount of fermentation products among
which are the short-chain fatty acids. It is unclear if its
recognized ability to influence the intestinal content of bio-
fidobacteria (Kruse et al. 1999) accounts for part of its abil-
ity to suppress chemically induced colon cancer and
depress the frequency of colonic aberrant crypt foci
(Reddy, 1999). Interestingly inulin has also been reported
to retard the incidence of experimentally induced mam-
mary tissue and suppress the growth of transplantable
tumors (Taper & Roberfroid, 1999). Even though fermen-
tation to short-chain fatty acids is a mechanistically
attractive hypothesis to explain why fiber modulates cyto-
kinetics, data do not consistently support short-chain fatty
acids as biological intermediates in risk of colon cancer.
Additional markers of apoptosis, differentiation, and
cell–cell communication need to be examined to more
accurately define the relation of inulin and among fiber
sources as modifiers of cytokinetics and ultimately colon
cancer risk.

The monitoring of aberrant crypt foci (ACF) hold prom-
ise as a sensitive biomarker, both as marker of risk and as
intermediate end-points for chemoprevention trials (Baron,
2001). Reddy et al. (1997) reported that when rats were fed
a relatively large amount of inulin (10 % diet) that the
number of ACF was substantially reduced in azoxy-
methane treated rats. Subsequent studies by Rao et al.
(1998) reported that inulin had no significant effect on
total ACF, but did reduce the number of ACF/cm2
(P,0·05) in azoxymethane treated rats. Oligofructose
(from sucrose) dramatically reduced the incidence of
colon tumors in C57BL/6J-Min/+ mice, which are hetero-
zygous for a non-sense mutation in the Apc gene, thus
being a model for both familial adenomatous polyposis
and sporadic colon cancers (Pierre et al. 1997). Interest-
ingly, neither starch-free wheat bran nor resistant starch
modified the number of tumors in this model. Such
information supports the contention that not all fibers are
equivalent in their ability to alter cancer risk.

Genetic polymorphisms and dietary variability

Increasingly, genetic polymorphisms are thought to have a
role in the ability of individuals to withstand exposure to
exogenous carcinogens or to inhibit initiation, promotion,
or proliferation in carcinogenesis. Unfortunately, while
this area is beginning to receive greater attention it remains
unclear how polymorphisms are related to the impact of
diet on the cancer process (Vineis, 1999). Nevertheless, it
is certainly plausible that polymorphic differences have
been a contributing factor in the inconsistencies surround-
ing dietary components and health (Cotton et al. 2000).
Evidence already exists that the prevalence of poly-
morphisms is an important variable that can influence
the outcome of otherwise solidly-designed trials. For

Table 2. Proposed mechan-
ism by which fiber rich foods

may retard colon cancer

Increase stool bulk
Decrease transit time
Binds to bile acids and salts
Ferments to volatile fatty acids
Binds to carcinogens
Alters colonic microflora
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example, in a random sample of participants in the Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study
(ATBC Study), there was a low prevalence of polymorph-
isms in genes coding for activation (phase I) enzymes
CYP1A1 (0·07) and CYP2E1 (0·02) and a high prevalence
in genes coding for detoxification (phase II) enzymes
GSTM1 (0·40) and NQO1 (0·20) (Woodson et al. 1999).
Interestingly, seven of ten members of this sample carried
the VDR-Taq1 polymorphism (t) associated with lower
risk for prostate cancer, which may account in part for
lower cancer rates in Finland when compared with the
USA (Woodson et al. 1999). Further, in a nested case–con-
trol study within the ATBC Study, glutathione peroxidase
1 (hGPX1), a selenium-dependent enzyme involved in
detoxification of hydrogen peroxide, was found to have a
polymorphism exhibiting a proline to leucine replacement
at codon 198. This polymorphism conferred a relative
risk for lung cancer risk of 1·8 for heterozygotes and 2·3
for homozygous variants compared with homozygote
wild types (Ratnasinghe et al. 2000).

A number of polymorphisms of the Vitamin D receptor
(VDR) gene have been identified; common polymorphisms
include BsmI, TaqI in intron 8 and exon 9, and a poly-A
site in the 30 end of the gene. In a recent population
study, BsmI B and short poly-A polymorphisms in the 30

end of the VDR gene were associated with increased
breast cancer risk (Ingles et al. 2000). BsmI B polymorph-
isms (BB and Bb) also have been associated with
decreased risk of prostate cancer and benign prostatic
hyperplasia when compared with BsmI bb genotypes
among Japanese men (Habuchi et al. 2000).

Several common genetic polymorphisms appear to
modulate cancer risk through their influence on folate
metabolism, including two polymorphisms of the
methylenetetrahydrofolate reductase (MTHFR ) gene. Epi-
demiological studies have reported that, when folate
intake was adequate, colorectal cancer risk was reduced
(50 %) in individuals with the MTHFR 677TT genotype
compared with the MTHFR 677CC genotype (Chen et al.
1999; Slattery et al. 1999) and risk of adult acute
lymphocytic leukemia (ALL) was reduced by 77 %
(Skibola et al. 1999). Genetic polymorphism became less
of an issue when dietary folate intake is low (Ma et al.
1997).

The future

Research in nutrition and cancer prevention in this new
millenium must give top priority to studies that will aid
in understanding the basic molecular basis by which nutri-
ents influence the cancer process. A well-coordinated, mul-
tidisciplinary effort among scientists – including nutritional
scientists, molecular biologists, geneticists, statisticians,
and clinical cancer researchers – may be needed to advance
this molecular approach to nutrition-related cancer
research. Many research questions and issues will need to
be addressed for this approach to become a reality. For
example, can the impact of a nutrient be determined by
one molecular target or do multiple sites of action account
for the response? Do interactions among nutrients deter-
mine the response and ultimately cancer risk? Again

some of these interactions may be beneficial while others
the opposite. It will be necessary to determine if age and
gender are significant determinants of the response to a
given nutrient. Key to moving this science forward will
be the identification and validation of biomarkers that
can be used to assess intake, effect and susceptibility. A
goal must be to determine if nutrient-modulated bio-
markers can serve as surrogate endpoint biomarkers and
what tissue or fluid measurements can be used to predict
occurrences at tissue sites. Undeniably it will be critical
to determine if currently used study designs and analytical
techniques are adequate to move the molecular-based nutri-
tion and cancer research arena forward.

The development and implementation of a successful
multidisciplinary effort that emphasizes a molecular
approach to nutrition-related cancer research will take
motivation, dedication, and specialized training. While
the challenges to researchers will be enormous, the poten-
tial rewards in terms of reducing cancer morbidity and
mortality can conceivably be enormous.
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