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Abstract

Although epigenetic aberrations frequently occur in aging and cancer and form
a core component of these conditions, perhaps the most useful aspect of
epigenetic processes is that they are readily reversible. Unlike genetic effects
that also play a role in cancer and aging, epigenetic aberrations can be relatively
easily corrected. One of the most widespread approaches to the epigenetic
alterations in cancer and aging is dietary control. This can be achieved not only
through the quality of the diet, but also through the quantity of calories that are
consumed. Many phytochemicals such as sulforaphane from cruciferous
vegetables and green tea have anticancer epigenetic effects and are also
efficacious for preventing or treating the epigenetic aberrations of other age-
associated diseases besides cancer. Likewise, the quantity of calories that are
consumed has proven to be advantageous in preventing cancer and extending
the lifespan through control of epigenetic mediators. The purpose of this
chapter is to review some of the most recent advances in the epigenetics of
cancer and aging and to provide insights into advances being made with respect
to dietary intervention into these biological processes that have vast health
implications and high translational potential.
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EGCG  (-)-epigallocatechin-3-gallate
HAT Histone methyltransferases
HDAC  Histone deacetylase

hTERT Human telomerase reverse transcriptase
miRNA  microRNA

SAM S-adenosylmethionine
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SIRT1 Sirtuin 1
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1 Introduction

Although there are many different variations of the definition of epigenetics,
perhaps the most widespread is that epigenetic processes involve changes that are
heritable but are not encoded with the DNA sequence itself. There are numerous
types of epigenetic mechanisms, and the three most important in mammals include
changes in DNA methylation, histone modifications, and non-coding RNAs.
DNA methylation is the most studied of the epigenetic processes and is based
on the addition of a methyl moiety (CH;) donated enzymatically from S-adeno-
sylmethionine (SAM) to the 5-position of cytosine, primarily occurring in CpG
dinucleotides. This is carried out by three major methyltransferases (DNMT],
DNMT3A, and DNMT3B) in mammalian systems. DNMTI1 is responsible for
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maintaining the methylation pattern that is largely preserved with each mitotic
division, and DNMT3A and DNMT3B are more involved with de novo methyl-
ation, the creation of new methylated cytosines (5-methylcytosines) at cytosine
that were not previously methylated. In general, the more methylated a gene
regulatory region becomes, the less transcription will occur from the promoter
although there are notable exceptions to this dogma as occurs with the gene that
encodes human telomerase reverse transcriptase (hTERT), the key regulatory gene
of telomerase [11, 44].

Epigenetic changes are also mediated by histone modifications. Although his-
tone acetylation and methylation are the most studied of these modifications,
others also occur such as histone phosphorylation, ubiquitination, biotinylation,
sumoylation, and ADP-ribosylation. The number of enzymes that carry out histone
modifications is large relative to those that mediate DNA methylation and the two
that often attract interest, especially with regard to cancer and aging, are the
histone acetyltransferases (HATSs) and the histone deactylases (HDACS) [26]. In
general, the more acetylated the histone amino tails become, the more likely it is
that the gene promoter region that contains those histones will have increased
transcriptional activity [7].

Non-coding RNA, the third major type of epigenetic control in mammalian
systems, is also important in gene expression. For example, microRNA (miRNA)
consists of single-stranded non-coding RNAs that are usually about 21-23
nucleotides in length. These sequences suppress gene expression by altering the
stability of gene transcripts and also by targeting the transcripts for degradation
although miRNA may also lead to an increase in gene transcription [36]. Many
miRNAs have now been identified and may regulate a large percentage of genes in
mammals [14].

2 Cancer Epigenetics and Dietary Intervention

Environmental factors such as the diet are well known to influence gene expression
and to contribute to cancer through epigenetic mechanisms [20]. To illustrate the
importance of this, it has been reported that over half of the gene defects that occur
in cancer are through epigenetic alterations when compared to genetic mutations
[23]. General DNA hypomethylation not uncommonly occurs in cancer cells,
while gene-specific hypermethylation often leads to inactivation of key genes such
as the tumor suppressors [3]. It is thought that these changes in DNA methylation
play an early role in cancer genesis and lead to aberrations in cellular proliferation
as well as immortalization of previously normal cells. Changes in histone modi-
fications are also prevalent in cancer cells. For example, increased activity of the
HDACS is a very common feature of cancer cells and can lead to tumorigenesis
through effects on epigenetic gene expression [13]. Alterations in miRNA are also
common in cancer, and this occurs in many cases through defects in the expression
of genes that play a role in cancer initiation or progression [14]. Perhaps most
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importantly, a growing interest has been the collective interactions of epigenetic
processes in the control of gene regulation aberrations in cancer. For instance, it is
not uncommon for epigenetic mechanisms to act in concert which lead to altera-
tions in gene expression in cancer cells [15].

2.1 The Epigenetics Diet in Cancer Prevention and Treatment

Many natural dietary agents which consist of bioactive compounds have been
shown to be effective in cancer prevention and treatment, and these nutraceuticals
often mediate favorable epigenetic changes [38, 50]. In fact, we have suggested an
“epigenetics diet” that impacts the epigenome and that may be used in conjunction
with other cancer prevention and chemotherapeutic strategies [18].

One of the foremost compounds that have been shown in a vast number of
studies to have anticancer properties is (-)-epigallocatechin-3-gallate (EGCG) of
green tea. Many studies have shown a positive connection between green tea
(EGCGQG) consumption and the inhibition of numerous cancers [6, 25, 48]. Although
EGCG has varied effects on cancer cells such as antioxidant properties, it has also
been shown to have important epigenetic effects in that it can inhibit DNMT
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Fig. 1 Effects of components of the epigenetics diet on epigenetics, telomerase (hTERT), and
aging and cancer. Plant products such as sulforaphane from cruciferous vegetables and (-)-
epigallocatechin-3-gallate (EGCG) (structures shown) modify epigenetic processes that can have
a direct impact on aging and cancer. They also lead to the down-regulation of A/TERT which is
central to both aging and cancer. The mechanisms for epigenetic modifications of the
phytochemicals can vary depending on the particular compound. Glucose restriction also can
impact epigenetic processes and affect aging and cancer
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activity by directly interacting with the DNMTs [16]. This can effectively lead to
the reversal of tumor suppressor epigenetic silencing of cancer cells and induce
apoptosis of these cells. Further, we have found that the inhibition of DNMTs by
EGCG can lead to the suppression of telomerase in cancer cells by down-regu-
lating hTERT [4, 41]. hTERT activity in cancer cells is associated with increased
DNA methylation of its gene regulatory region due to repressors binding to its
promoter [4]. Since telomerase is central to tumor progression, this EGCG-med-
iated down-regulation of telomerase activity may have major implications in
cancer prevention and treatment (Fig. 1).

Another key dietary component that has epigenetic effects is sulforaphane
(SFN) of cruciferous vegetables such as broccoli, cauliflower, Brussels sprouts,
cabbage, and kale. However, although we have shown that SFN can inhibit
DNMT1 and DNMT3A [39], its most powerful effects are through inhibition of
HDAC activity [12, 42, 43, 47]. As aforementioned, HDACs are often increased in
cancer cells and inhibition of HDAC activity by SFN may have considerable
potential in preventing HDAC increases in cancer cells. Since AhTERT is also
controlled though histone acetylation/deacetylation [11], we tested whether SFN
may have an impact on hTERT gene regulation in breast cancer cells. We found
that SFN treatment of MCF-7 and MDA-MB-231 cells leads to a dose- and time-
dependent down-regulation of A”TERT (Fig. 1). The SFN-induced hyperacetylation
facilitated the binding of many hTERT repressor proteins such as MAD1 and
CTCEF to the hTERT gene regulatory region [39]. We also found that depletion of
CTCEF using siRNA attenuated the SFN-induced hTERT down-regulation in breast
cancer cells [39].

Although dietary compounds such as EGCG in green tea and SFN in crucif-
erous vegetables have many other effects, it is clear that these compounds can
affect the epigenetic control of key genes and greatly influence the initiation and
progression of cancer [38]. In addition to EGCG and SFN, a number of other
dietary compounds are also quite effective in cancer prevention. For instance,
curcumin (tumeric), resveratrol (grapes and red wine), and genistein (soybeans) as
well as many other phytochemicals have created considerable excitement for their
epigenetic potential [38]. We feel that a diet consisting of epigenetic-modifying
foods and beverages could have a major impact on the incidence of cancer
worldwide and have therefore encouraged the epigenetic diet as a means to not
only prevent cancers, but also perhaps treat many early stage cancers [18]. It is
also highly feasible that a combination of these phytochemicals in the diet may
show synergistic effects to further reduce the incidence of cancer [40].

3 Aging Epigenetics: The Impact of Dietary Factors
The single most important risk factor for developing cancer is age, and therefore,

many investigations have explored the role of epigenetics in both cancer and aging
with the intention that there may be links between these two important biological
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processes. In fact, as with cancer, aging is associated with general genomic hy-
pomethylation and regional or gene-specific hypermethylation [22, 37] which may
be due to changes in the expression of the DNMTs [5, 34]. These modulations in
DNA methylation during aging likely contribute to a number of changes in the
regulation of epigenetically controlled genes such as hTERT to contribute to the
aging process [33]. Moreover, histone modifications appear to play a major role in
aging. In fact, sirtuin 1 (SIRT1) is a class IIl NAD*-dependent HDACs that has
shown remarkable effects on aging through increasing the lifespan of a diverse
range of animal models [8, 24]. The SIRT1 enzyme appears to be an important
nutrient sensor linked to metabolic rate. The redox potential, simplified as the
NAD/NADH ratio, may be important in regulating SIRT1 activity which is a key
indicator for oxygen consumption and the respiratory chain. Although many other
epigenetic changes occur during the aging process, the regulation of DNA meth-
ylation and histone modifications as well as epigenetic control of h”TERT and the
role of SIRT1 in modulating aging biological processes have captured consider-
able interest.

3.1 Nutrient Quantities, Epigenetics and Aging

As aforementioned, not only is the quality of the diet an important factor, but the
quantity of nutrients consumed is also a major player in cancer and aging. Caloric
restriction (CR) is the most effective intervention into the aging process and
maximum lifespan, and it is mediated in part by epigenetic mechanisms [49, 53].
The restriction of total calories by 25-60 % relative to normally fed controls while
providing essential nutrients can lead to a 50 % increase in lifespan [9, 10, 21, 31,
45, 52]. DNA methylation may be altered in response to CR through its effects on
specific gene loci leading to increased longevity [19]. Moreover, SIRTI, an
important HDAC in the aging process, is strongly linked to CR. For example,
many studies have shown that its activity is affected by CR both in vitro and
in vivo [8, 17, 27, 32]. The longevity—extension effects of sirtuin were originally
discovered in yeast [17], and activation of SIRT1 is often observed in various
tissues of animals subjected to CR, while inactivation of SIRT1 may lead to
ablation of the lifespan-extending effects of CR. It is therefore apparent that
epigenetic processes are not only central to the aging process, but also that they are
involved with key mediators of aging such as DNA methylation and SIRT1.

3.2 The Epigenetics Diet and Aging

Resveratrol, a dietary polyphenol phytochemical, is an important mediator of CR
and acts as a SIRT1 mimic that leads to increased longevity both in vitro and
in vivo [1, 2, 51, 54]. Besides resveratrol, many other polyphenols such as EGCG
have been shown to have beneficial effects on the aging process [46]. Other
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epigenetic diet components such as cruciferous vegetables and soybeans may also
have advantageous effects on longevity through their cancer preventive properties
[28, 31, 38]. For instance, consumption of components of the epigenetics diet over
a period of time may lead to a decrease in age-associated diseases such as cancer
and cardiovascular disease [35].

3.3 Glucose Restriction and Extension of the Hayflick Limit

The Hayflick limit refers to the cellular senescence process that is considered to be
fundamental to biological aging. Since studies of CR have been confined to
analysis of the organism longevity (including single-cell yeast), we sought to test
whether CR could affect the Hayflick limit in mammalian systems. Moreover, the
effects of CR on human aging have not yet been resolved largely because of the
impracticality of CR studies using relatively long-lived human populations. Since
cellular senescence is considered a fundamental basis of aging, we restricted
glucose in cultures of human fibroblast cells and monitored the Hayflick limit of
the cells [29]. The human cells that received only about 15 mg/L of glucose had a
significantly reduced lifespan when compared to control human cells that received
the normal level of 4.5 g/L of glucose in culture. We further noted that epigenetic
alterations occurred in these cells in response to glucose restriction that led to a
relatively modest increase (compared to cancer cells) in A”TERT and a decrease in
pl6, a gene which slows cellular replication. We found that the epigenetic changes
in these cells in response to CR were at least in part due to changes in DNA
methylation and histone modifications in these cells (Fig. 2). Further, precancerous
cells were found to have the opposite effects on ATERT and pl6 in response to
glucose restriction and to lead to epigenetic-induced apoptosis of the cells [29]
(Fig. 2).

In additional investigations, our studies have indicated that SIRT1 becomes
elevated in the glucose-restricted human cells that lead to lifespan extension
through epigenetic effects of SIRT1 on p/6 as well as genetic effects of SIRT1 on
pl6 through the Akt/p70S6K1 pathway [30]. Therefore, CR is effective in
extending the lifespan of not only animals, but also their individual cells. Since the
Hayflick limit is a basic aspect of aging and there were no metabolic systemic
factors involved in these studies, this suggests that CR works primarily at the
cellular senescence level and that an important mediator of cellular senescence and
aging is changes in epigenetic mechanisms in response to CR.

4 Conclusions

Epigenetic mechanisms are central to many aspects of both aging and cancer, and
dietary factors are important means of alleviating many of the adverse effects of
these biological processes. Both the quality and the quantity of the diet are crucial
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Fig. 2 Effects of glucose restriction on longevity and cancer inhibition through epigenetic
regulation. Glucose restriction can impact epigenetic regulation in both normal and cancer cells.
In normal cells, it leads to p16 repression and hTERT activation to extend the Hayflick limit. In
precancerous cells, the opposite effects on p/6 and hTERT lead to apoptosis, cellular senescence,
and cancer inhibition of the glucose-restricted cells

in healthy aging and also significantly impact cancer. The quality of the diet is
illustrated though the epigenetics diet consisting of consumption of phytochemi-
cals that modulate epigenetic processes such as DNA methylation, histone mod-
ifications, and non-coding RNA. Substantial data that have been accumulated
worldwide clearly show that the epigenetics diet has considerable potential in not
only preventing cancer, but also reducing the incidence of age-related diseases.
The quantity of the diet also has epigenetic effects in that reduction in calories
impacts many epigenetic mechanisms such as the activity of SIRT1 which is an
epigenetic mediator of a number of cellular processes. We have shown that CR at
the cellular level can extend the lifespan of human cells and is likely a funda-
mental basis of the life-extending process of the epigenetic effects of CR. Many
questions remain regarding the role of epigenetics in cancer and aging, but it is
now clear that epigenetic mechanisms are basic aberrations in both cancer and
aging and that the epigenetics diet is moving to the forefront of cancer and aging
research as a safe and efficacious means to reduce the morbidity and mortality of
these biological processes that claim so many human lives.
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