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Series Editor Introduction

The Nutrition and Health Series of books have, as an overriding mission, to pro-
vide health professionals with texts that are considered essential because each includes
(1) a synthesis of the state of the science, (2) timely, in-depth reviews by the leading
researchers in their respective fields, (3) extensive, up-to-date fully annotated reference
lists, (4) a detailed index, (5) relevant tables and figures, (6) identification of paradigm
shifts and the consequences, (7) virtually no overlap of information between chapters,
but targeted, inter-chapter referrals, (8) suggestions of areas for future research, and
(9) balanced, data-driven answers to patient/health professionals questions which are
based upon the totality of evidence rather than the findings of any single study.

The Series volumes are developed to provide valuable in-depth information to nutri-
tion health professionals and health providers interested in practical guidelines. Each
editor has the potential to examine a chosen area with a broad perspective, both in sub-
ject matter and in the choice of chapter authors. The international perspective, espe-
cially with regard to public health initiatives, is emphasized where appropriate. The
editors, whose trainings are both research and practice oriented, have the opportunity to
develop a primary objective for their book; define the scope and focus, and then invite
the leading authorities from around the world to be part of their initiative. The authors
are encouraged to provide an overview of the field, discuss their own research, and
relate the research findings to potential human health consequences. Because each book
is developed de novo, the chapters are coordinated so that the resulting volume imparts
greater knowledge than the sum of the information contained in the individual chapters.

“Bioactive Compounds and Cancer,” edited by John A. Milner, Ph.D., and Donato
F. Romagnolo, Ph.D., is a very welcome addition to the Nutrition and Health Series and
exemplifies the Series’ goals. This volume is especially timely as the number of research
papers and meta-analyses in the clinical nutrition arena of cancer research increases
every year and clients and patients are very interested in dietary components that have
bioactivity and may be able to impact cancer prevention as well as reduce the adverse
effects of cancer therapies. The editors have made great efforts to provide health pro-
fessionals with the most up-to-date and comprehensive volume that highlights the key,
nutrition, and cancer information available to date. They have combined their broad
backgrounds in research as well as clinical practice to help the reader to better under-
stand the relevant science while providing background information so that the reader can
understand and appreciate the importance of the mechanisms of action of the bioactive
components in their diets.

Drs. Milner and Romagnolo are internationally recognized leaders in the field of
nutrition and cancer biology and have actively investigated the physiological roles
of dietary bioactive compounds as modifiers of cancer risk and tumor behavior. The
editors are proven excellent communicators and they have worked tirelessly to develop
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a book that is destined to be the benchmark in the field because of its extensive review
of the current state of the science with regard to dietary bioactive compounds and the
complex interactions between diet, health, and the development and the progression of
cancer. Dr. Milner is the Chief of the Nutritional Science Research Group, Division of
Cancer Prevention at the National Institutes of Health’s National Cancer Institute (NCI).
In this capacity, Dr. Milner is responsible for helping to set the national strategy for can-
cer research. Prior to joining the NCI, Dr. Milner led the Department of Nutrition at The
Pennsylvania State University for over a decade. He also served as the Director of the
Division of Nutritional Science at the University of Illinois. Dr. Milner has served as
the President of the American Society for Nutrition and as chair of the World Cancer
Research Fund/American Institute for Cancer Research Mechanisms Working Group.
In 2008, Dr. Milner received the David A. Kritchevsky Career Achievement Award in
Nutrition from the American Society for Nutrition. Dr. Romagnolo is Professor of Nutri-
tional and Cancer Biology at the University of Arizona and is a member of the Arizona
Cancer Center, BIO5, and the Center for Toxicology. He has served as the chair of the
Environmental Gene Expression Group of the Southwest Environmental Health Sci-
ences Center. Thus, both editors are immersed in the discovery and implementation of
research to better understand the effects of bioactive molecules from the diet on cancer
development and control.

The editors have chosen 76 of the most well-recognized and respected authors from
around the world to contribute the 33 informative chapters in the volume. Hallmarks
of all of the chapters include complete definitions of terms with the abbreviations fully
defined for the reader and consistent use of terms between chapters. Key features of
this comprehensive volume include the informative Key Points and key words that are
at the beginning of each chapter and suggested readings as well as bibliography at the
end of each chapter. The volume contains more than 150 detailed tables and informa-
tive figures, an extensive, detailed index and more than 4,300 up-to-date references that
provide the reader with excellent sources of worthwhile information about the role of
diet, foods, food components, essential nutrients, bioactive phytochemicals, and their
potential mechanisms of action in affecting cancer risk.

This comprehensive volume is divided into two major sections beginning with six
introductory chapters, followed by the section on bioactive molecules divided into three
logical subsections – eight chapters on dietary macro-constituents; eight chapters cov-
ering carotenoids, vitamins, and minerals; and the final section including 10 chapters on
the most researched of the myriad of non-nutritionally essential bioactive components
in the diet. The final chapter examines the challenges of communicating food and cancer
relationships to consumers, clients, and patients. The volume begins with an introduc-
tory chapter that examines the overall cancer rates in the United States, the major cancer
types, and the populations most affected by cancer. We learn that about 1.5 million new
cancers will be diagnosed each year and over half a million persons will die from this
disease annually. For both men and women, lung and bronchus cancers are the leading
cause of cancer deaths even though most individuals think that breast and prostate can-
cers are the major cancer killers. There is an extensive discussion of the Surveillance,
Epidemiology and End Results (SEER) Program from the NCI, and the numerous tables
and figures provide examples of the cancer statistics for incidence and survival rates in
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the US population. The next chapter reminds us that only about 5% of cancer cases are
genetically inherited, whereas 95% are linked to environmental factors including diet.
There is a clear explanation of the developmental phases of cancer and the potential
for bioactive molecules in the diet to affect the early stages of initiation and promo-
tion. As an example, the interactions between nutritional factors and genes, defined as
nutrigenomics, are carefully examined so that the reader is provided with the basics
of this new area of research. An excellent explanation concerning the newest research
tools including high-throughput proteomic and metabolomic approaches are placed in
perspective to better understand their value in nutrition and cancer research. Examples
of bioactive compounds found in foods include essential nutrients such as vitamins and
minerals and essential lipids; plant polyphenols, carotenoids, xenobiotics, and numer-
ous other molecular entities. The complex interactions between the bioactive molecules
and genetic components including histones, DNA methylation, transcription factors, cell
cycle regulators, and other factors are introduced and explanations are provided so that
the reader can better understand the importance of these interactions.

Cancer begins with changes in the cell’s DNA and the next chapter comprehensively
reviews the major changes that result is cellular malignancy and examines the data sug-
gesting that certain dietary factors can interfere with the progression of cells through the
steps resulting in a cancerous cell. The reader is alerted that dietary factors that affect
cells in cell culture may not be effective in vivo. Dietary substances that are briefly dis-
cussed include resveratrol, sulforaphane, apigenin (a flavonoid found in many fruits and
vegetables), curcumin, EGCG and quercetin, and several other examples that are exam-
ined in greater depth in subsequent individual chapters. Within the cell, changes in sin-
gle nucleotides (single nucleotide polymorphisms or SNPs) can result in changes to the
structure, function, and/or the cellular content of a specific protein. If the SNP is located
in genes involved in the metabolism of bioactive dietary factors, then this genetic change
can result in alterations in cellular responses to potential carcinogens as one example.
The next chapter, on nutrigenetics, closely examines nutrient–gene interactions. The
epidemiological associations between antioxidants, folates, and dietary phytoestrogens,
and reduced risk as well as the associations between meats and the compounds gener-
ated during cooking and increased cancer risk are reviewed with the aid of informative
figures. Epigenetic processes that can alter the regulation of genes is the logical topic
of the next chapter and it concentrates on the importance of dietary sources of methyl
donors including folate, choline, and methionine. The final chapter in the introductory
section examines the role of transcription factors that can initiate changes in the DNA in
cells and the potential for dietary factors to modulate the actions of these transcription
factors. The information contained within the first six chapters provides the reader with
a firm grounding in the complexities of the cellular events that ultimately can lead to
cancer and informs the reader of the newest research to identify key components in the
diet that may be able to reduce the risk of forming cancerous cells.

The second section begins with the subsection on macro-constituents and the first
chapter concerns the macronutrients, obesity, and the potential for calorie restriction
(using diets that provide the full measure of essential nutrients in a calorie restricted
matrix) and physical activity to reduce cancer risk by altering the synthesis of endoge-
nous hormones and growth factors that are stimulated by caloric intakes. In addition
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to macronutrients, diets contain fiber that is defined as the plant parts that are resistant
to hydrolysis by human gastrointestinal (GI) enzymes. The importance of fiber (prebi-
otics) as well as metabolic products of the probiotic microbes that reside in the human
alimentary tract and their role in the development of cancer – especially in the GI tract,
is the topic of the next chapter. The following chapter explores the importance of the gut
microbiota in greater detail and provides discussions of specific microbes in the gut and
their influence on not only cancer risk but also potentially precancerous inflammatory
responses in the colon and other organ systems as well.

Flame-cooked red meats and processed meat consumption is consistently associated
with increased risk of cancers in the GI tract. The mechanisms by which these meats
can increase cancer risk are clearly explained and strategies to reduce risk are included
in the next chapter. Meats contain a higher proportion of saturated to unsaturated fats
and the next chapter reviews the evidence linking higher intakes of most saturated fats
with increased risk of cancer. The following chapter examines the early evidence from
in vitro and animal studies that certain isomers of one fatty acid found in meat and dairy
products, conjugated linoleic acid (CLA), may reduce the risk of certain cancers; the
chapter includes almost a dozen relevant figures that help the reader to better under-
stand the complexity of the findings with CLA. In contrast to most of the fats in meats,
the polyunsaturated fats, primarily long-chain n−3 fatty acids from fish or other sources
(discussed in a separate chapter), have been associated with a decreased risk of cancer
possibly by affecting translational regulation of genes and thereby reducing cell prolif-
eration. The next chapter, containing over 200 references and two detailed tables of the
relevant clinical studies, reviews the data linking higher intakes of n-6 unsaturated fatty
acids with increased risk of cancer that may be due to the increased cell proliferation and
inflammation associated with n-6 fatty acid metabolites. These five chapters highlight
the complexity of making generalizations about all fats; nevertheless, the authors, who
are recognized leaders in this area of research, clearly present compelling arguments
for maintaining overall fat intake at about 30% of calories/day, keeping saturated fat
intake to 10% of calories, and maintaining a 1–2:1 ratio of n-6 to n-3 fatty acids in the
daily diet.

In the section entitled carotenoids, vitamins, and minerals, there are individual chap-
ters on carotenoids, vitamin A, vitamin D, folate, selenium, calcium, iron, and zinc
contributed by the major researchers of these nutrients. The chapter on carotenoids high-
lights the consistent association between fruit and vegetable intakes with decreased can-
cer risks and examines in detail two individual carotenoids found in the human diet:
β-carotene and lycopene. The authors remind the reader that even though the immedi-
ate headlines from the ATBC study published in 1994 suggested that Finnish smokers
who were in the β-carotene arm had increased rates of lung cancer, data published 6
years later no longer found this association; four other β-carotene intervention studies
found no increased risk of lung cancer in smokers although the number of smokers in
these studies was not as great as in the ATBC and CARET studies. The entire literature
concerning lycopene in major in vitro and all in vivo studies is tabulated for the reader.
The authors conclude with a recommendation for individuals to eat five servings of
fruits and vegetables/day and make five of those choices lycopene-containing tomato
products each week. Certain carotenoids can be metabolized to vitamin A (retinol),
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which is an essential nutrient critical for controlling cell growth and differentiation into
normal cells in contrast to cancerous cells. Retinoic acid (RA), a metabolite of retinol, is
a direct activator of genetic functions and has been examined as a chemopreventive drug
over many years. Many RA derivatives have been synthesized and tested as cancer treat-
ments. This chapter points out the difficulties found in moving from positive in vitro and
animal studies to human studies of both chemoprevention and chemotherapy with vita-
min A as well as the retinoids. With regard to vitamin D, discussed in the next chapter,
its role in cancer development and potential in treatment is a very new area of research
associated with the capability of non-renal tissues to locally synthesize the active form
of the vitamin whereas cancerous tissue appears to lose this function. The epidemiology
and the mechanism of action studies are carefully reviewed and a recommendation is
made for increased intake of vitamin D. Synthesis of DNA as well as the methylation
of this molecule and others within the body requires folate, an essential water-soluble B
vitamin. Epidemiological data point to the inverse association between folate intake and
risk of cancers of the colon and esophagus. However, intervention studies with folic-
acid supplementation have not shown reduction in precancerous colon polyps. It may be
that unrecognized genetic polymorphisms in the enzymes controlling folate and other
B vitamin metabolism have reduced the potential to see the beneficial effects of folate
and/or may even increase the risk of carcinogenesis. Given that many nations have
implemented a folic-acid fortification program to reduce the occurrence of neural tube
birth defects, it is critical to better understand the timing and dose of folate needed to
reduce and not enhance cancer development and/or progression.

Selenium is the first essential mineral reviewed and as has been seen with many of
the nutrients, there are several bioactive forms in the food supply as well as in the body.
Likewise, selenium has a number of functions within the body as it is a component of
an antioxidant enzyme and many other selenoproteins involved in cellular metabolism.
In vitro, animal and epidemiological data support a chemopreventive role for selenium.
However, the two clinical trials have provided inconsistent results for prostate cancer
that may be due to many factors not the least of which could be the baseline selenium
status of the cohort. Calcium, the mineral discussed in the next chapter, has been shown
to significantly reduce the rate of colon polyp recurrence. Moreover, recent data from a
large cohort suggests that supplemental intakes of calcium are associated with reduced
risk of total cancers in post-menopausal women. The data for prostate cancer associa-
tions are inconsistent. Iron, another essential element, is required for the synthesis of
energy in the form of ATP. There are no data suggesting that increased iron intake
reduces the risk of cancers, rather in individuals with the homozygous genetic defect
that causes iron overload, there is an increased risk of liver cancer and in heterozygotes
there are increases in risks of several cancers. Other genes and proteins associated with
iron metabolism and cancer risk are tabulated in this chapter. Epidemiological data show
inconsistent associations between high iron intakes and cancer risks that may reflect red
meat consumption (mentioned in the chapter on meat and cancer as well). The final
chapter in this section looks at the role of zinc in cancer development and prevention.
Zinc is an essential component of over 300 human enzymes and is thus involved in
virtually all aspects of cellular function. Yet, the research on zinc and cancer is in its
infancy. In vitro cell culture studies have shown important effects of zinc and studies
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in zinc-deficient animal models find increased cancer development. There are consistent
epidemiological associations of low zinc status and increased risk of oral and esophageal
cancers, but no intervention studies of zinc alone have been initiated.

Non-nutritive bioactive molecules found in foods, spices, and herbs and their poten-
tial role in cancer prevention and/or treatment is an exciting and very active area of
research. Drs. Milner and Romagnolo have chosen ten of the most well-studied bioac-
tives and have also enlisted the investigators who have done the most work on these
compounds to provide informative chapters. As the research on the effects of the bioac-
tive compounds is at the early states of investigation, many have not been used in clinical
intervention studies. Cruciferous vegetables contain isothiocyanates and indoles; these
compounds have been shown to affect tumor cell cycles, gene expressions, apoptosis,
inflammatory responses, and other factors associated with lowering the risk of initia-
tion and growth of malignant cells. Broccoli is the most commonly consumed crucif-
erous vegetable in US diets at about once/week, and cooking inactivates some of the
bioactive compounds. Genotypes likely affect the cancer preventive potential of these
compounds. There are no full-scale clinical studies; the epidemiological studies are
tabulated. Garlic and the bioactive sulfur compounds isolated from garlic have been
shown to reduce cell proliferation and enhance DNA repair and in laboratory animal
studies, garlic decreased cancer formation following exposure to carcinogens. However,
epidemiological and clinical data are not available, so this is a new area for clinical
investigation.

Two polyphenol compounds are reviewed in the next chapter that examines the anti-
carcinogenic potential of resveratrol and genistein in animal models and cell culture
studies. In rodent models of breast or prostate cancer, the two compounds individually
and in combination appeared to reduce the size and progression of these tumors. Tea
catechins, fruit and vegetable flavonols, and procyandins have also been shown to be of
benefit against tumor development in animal models. The epidemiological evidence for
tea consumption and reduced cancer risk is tabulated; results from small intervention
studies are reviewed. The next chapter provides an in depth review of the isoflavones
genistein and daidzein from soy (more than 200 cited references) and concludes that
these compounds have anti-carcinogenic effects in animal models and a number of
mechanisms of action. Because of their estrogenic activity, clinical investigations may
concentrate on non-estrogen responsive cancers. Many culinary herbs and spices includ-
ing rosemary, oregano, basil, chilies, turmeric, ginger, and cloves have demonstrated
antioxidant and anti-inflammatory activities in cell culture and some have been tested
in animal models of cancer. Emphasis in this chapter is placed on the data concern-
ing curcumin from turmeric where there have been some small clinical investigations
in cancer patients looking at biomarkers of activity. Berries, such as strawberries, blue-
berries, cranberries, and raspberries, have been consumed by humans throughout his-
tory. These fruits contain essential nutrients as well as other bioactive phytochemicals
including phenolic acids and flavonoids. The anthocyanins are one of the most abundant
flavonoids in berries. Extracts can reduce cellular carcinogenesis in culture and in cer-
tain animal models. Pilot intervention studies have shown that berry concentrates can
modulate biomarkers of cancer development. Pomegranates have also been consumed
by humans for centuries and there is interest in the phytochemicals in the rind and juice
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produced from the whole fruit that contains a tannin, punicalagin. A pilot intervention
study with pomegranate juice in men with prostate cancer found an increase in the time
with no rise in prostate-specific antigen.

Alcohol use has been consistently associated with an increased risk of breast cancer
in women and with cancers of the aerodigestive tract. Cell studies and animal models
document that ethanol is the carcinogen in alcohol and the cancer risk is related directly
to dose. The alcohol–cancer relationship can be modified by many factors including
dietary status, concomitant smoking or other environmental toxins, gender, age, and by
genetics. Over 200 references are included in this chapter. The other major classes of
compounds that can increase the risk of cancer are the xenobiotics from the environment
including polycyclic aromatic hydrocarbons and dioxins. The mechanisms of cancer for-
mation and the potential to reduce the effects of exposure with the consumption of foods
that contain beneficial bioactive molecules is the topic of the next chapter. Flavonols that
can activate detoxifying enzymes may reduce the risk of cancer formation by lowering
the body burden of these environmental toxins.

The final chapter of the volume is of great practical relevance and unique to this
volume. The chapter examines the opportunities and challenges of communicating to
consumers about foods and cancer risk. Effective communication is critically important
as we do not appear to be able to stem the obesity epidemic; and obesity is a signifi-
cant risk factor for many cancers. Consumer research from the 2008 International Food
Information Council (IFIC) Food and Health Survey into attitudes and awareness of the
role of dietary components in their health is reviewed. It is important to determine how
clients, patients, and colleagues interpret the health messages that the media develop
from research studies such as those presented in this volume.

In conclusion, “Bioactive Compounds and Cancer” edited by John A. Milner, Ph.D.,
and Donato F. Romagnolo, Ph.D., provides health professionals in many areas of
research and practice with the most up-to-date, well-referenced volume on the impor-
tance of diet and its effects on cancer risk. This volume will serve the reader as the
benchmark in this complex area of interrelationships between food, dietary intakes, and
body weight, the myriad of mechanisms by which bioactive components in our diet can
reduce the risk of initiation, promotion, and progression of malignancies. Moreover, the
interactions between environmental and genetic factors are clearly delineated so that
practitioners can better understand the complexities of these interactions. The editors
are applauded for their efforts to develop this volume which now stands as the bench-
mark in the field of nutrition and cancer. This excellent text is a very welcome addition
to the Nutrition and Health Series.

Adrianne Bendich, PhD, FACN





Foreword by David S. Alberts, MD,
and Maria Lluria-Prevatt, PhD

While we have begun to see documented decline of both the incidence and death rates
from all cancers combined in both men and women (1), cancer still accounts for more
deaths than heart disease in persons younger than 85 years of age. Our Western lifestyle
literally is killing us! In order to extend the success in reducing cancer incidence and
death, our knowledge of the effects of nutrition and physical activity in cancer causation,
prevention, and intervention are essential. After all, there is a growing consensus that we
must “get off the couch and out to the refrigerator” if we are to survive.

There is an expected more than 1.5 million new cases of invasive cancer and
560,000 cancer deaths in the United States in 2009 (2). Alarmingly, with our present
rate of increase in obesity, it is estimated that the current patterns of overweight and
obesity in the United States could account for 14% of all deaths from cancer in
men and 20% of those in women (3). The vast majority of these cancer cases are
preventable.

The multistage model of carcinogenesis demonstrates the stages of initiation, promo-
tion, and progression as a multiyear process. If we understand that for most common
cancer types there may be an estimated lag time of 20–30 years from the first initiated
(i.e., DNA damaged) cancer cell to death from metastatic cancer, then there are between
11 million and 17 million people in the United States who currently have some phase of
premalignant disease who, ultimately, will die from cancer. There is a wide window of
opportunity within this long lag period or premalignant phase in which enhanced phys-
ical activity and nutritionally targeted cancer prevention can effectively influence the
course of this disease process (Fig. 1).

The editors, Drs. John A. Milner and Donato F. Romagnolo, of “Bioactive Com-
pounds and Cancer” have brought together 76 world renowned authors to provide
the most up-to-date, comprehensive volume discussing numerous dietary components
that have demonstrated an impact on cancer risk and prevention in preclinical models
and/or clinically. This text provides health professionals the most relevant science-based
knowledge with regard to dietary bioactive compounds and their effects on the progres-
sion of cancer.

There have been a large number of observational studies showing a reduction in the
risk of several types of epithelial malignancies among populations with higher intakes
of fruits and vegetables (5) or reduction in fat intake (6). While a primary prevention
strategy might involve the promotion of a high fruit and vegetable and/or low-fat diet
to reduce the frequency of initiated cells or to repair damage manifested by initiated
cells, the authors of this text have taken the process a step further by identifying the
actual dietary component that specifically demonstrates bioactivity in a wide variety of
cancers in preclinical and/or clinical settings. These authors provide scientific data of the
mechanisms of action of these compounds and in many cases have been able to identify

xiii



xiv Foreword by David S. Alberts, MD, and Maria Lluria-Prevatt, PhD

Precancer = IEN 

Normal Initiated Mild Moderate Severe CIS Cancer 

Dysplasia 

Colon: Adenoma 
5–15 yrs5–20 yrs 
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Atypical Hyperplasia 
6–10 yrs  14–18 yrs 

20 yrs ≥ 10 yrs  3–15 yrs

Actinic Keratosis 
≈10 yrs  30–40 yrs 

Skin (Non-melanoma): 

Fig. 1. Progression of precancer to cancer in humans is a multiyear process. Adapted from
O’Shaughnessy et al. (4).

specific cancer genes, signaling proteins, transcription factors, or epigenetic events that
the bioactive components are able to regulate.

The initial section of this text gives an introduction to the potential influence of nutri-
tion on cancer risk and prevention strategies and how investigators have begun to doc-
ument the roles of bioactive compounds. One strategy to understand nutritional effects
in cancer is nutrigenomics. Nutrigenomics is the study of the effects of food and food
constituents on gene expression. This allows for the identification of bioactive food com-
pounds, which affect specific targets that influence the carcinogenesis process. The iden-
tification of these bioactive compounds and the key molecular targets is attained through
the use of high-throughput proteomics and metabolomic approaches. Here, the authors
describe the potential interactions between bioactive molecules and genetic components
such as histones, DNA methylation, transcription factors, and cell cycle regulators. The
bioactive compounds found in food include essential nutrients such as vitamins and
minerals and essential lipids, plant polyphenols, carotenoids, xenobiotics and numerous,
other molecular entities. One specific transcription factor, AP-1, has been identified as a
potential target for regulation and chemoprevention by nutrients, including epigallocate-
chin gallate (EGCG) (7), theaflavins, caffeine (8), [6]-gingerol (9), resveratrol (10), and
flavonols such a as kaempherol, quercetin (10), and myricetin (11). This transcription
factor appears to play a role in proliferation, differentiation, apoptosis, and angiogenesis
(12). In the case of DNA methylation, nutrients can supply the methyl groups in the for-
mation of S-adenosylmethionine (SAM) and modify the utilization of methyl groups by
DNA methyltransferases. In addition, nutrients may play a role in DNA demethylation



Foreword by David S. Alberts, MD, and Maria Lluria-Prevatt, PhD xv

activity and DNA methylation may influence the specific response to a nutrient. Under-
standing the complexities of the cellular events in carcinogenesis has paved the road to
identify the key components in the diet that may be able to reduce the risk of cancer
development.

A comprehensive discussion of macronutrients, obesity, and the potential for calorie
restriction and physical activity to reduce cancer risk are discussed in Chapters 7–14.
These authors have pulled together much of the current knowledge, including their own
extensive research to discuss the effect of dietary balance involving calorie restriction
and specific dietary components involved in cancer risk and prevention. The authors in
this section present data concerning the use of compounds such as bifidobacteria, lacto-
bacilli, and Clostridium butyricum to modulate gut microbiota and the intake of fiber for
colon cancer prevention. In addition to a discussion of the recommended reduction in
red meat intake and the resulting exposure to their carcinogenic chemical compounds,
polycyclic aromatic hydrocarbons (PAH) formed in grilled meat, these authors have
extensively explained the bioactivity of two polyunsaturated fatty acids (PUFA): n-6
PUFA and n-3 PUFA. N-6 PUFA metabolites are associated with increased cell prolifer-
ation and inflammation providing a potential mechanism in the extensive clinical studies
linking increased cancer risk with intake of high levels of this PUFA. In contrast, n-3
PUFA are often found in fish and other food sources and have been associated with a
decrease risk of cancer by affecting translational regulation of genes and subsequently
reducing cellular proliferation. Recent data have identified a family of isomers, conju-
gated linoleic acid (CLA), that are found in meat and dairy products. In vitro studies
demonstrated CLA inhibited growth of several cancer cell lines and induced expres-
sion of apoptotic genes. A reduction in tumors by CLA was also seen in rodent models.
However, there can be no recommendation for CLA consumption for prevention or ther-
apy until more extensive preclinical and clinical studies can be undertaken. This section
of the book brings forth the evidence needed for the recommended reduction of over-
all fat intake, discussing the specific compounds found in fat that are associated with
increased cancer risk, and providing evidence of the mechanism by which they act to
increase cancer risk.

Many patients today use alternative therapies to manage their health. It is difficult for
the health-care professionals to keep up with the evolving field. With a large selection
of combination of vitamins and supplements available to the individual and the fre-
quent mention of the positive impact to health from the lay media, health professionals
are undoubtedly left to answer the patient’s request of vitamin and nutrient supplement
selection. From a scientific perspective, the authors of Chapter 15–22 discuss the most
recent studies of carotenoids, vitamin A, vitamin D, folate, selenium, calcium, iron,
and zinc. Both the carotenoids, β-carotene and lycopene, are highlighted in this sec-
tion. Lycopene found in tomato food sources has been associated with the reduction in
prostate cancer risk potentially through a mechanism of decreasing the expression of
androgen-producing enzymes. β-carotene levels have been used as a biomarker for fruit
and vegetable intake which is associated with reduced cancer risk. Controversial stud-
ies of high doses β-carotene and increased lung cancer risk in heavy, current smokers
are addressed. The authors of this chapter recommend the five-a-day servings of fruit
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and vegetables and suggest that five of those in a week be lycopene-containing tomato
products.

Vitamin A (retinol) is an essential nutrient involved in controlling cell growth and
differentiation into normal cells; however, its use in cancer prevention has been limited
to non-melanoma skin cancer chemoprevention due to the side effects associated with
it. The authors do not present evidence that warrants a change in recommendations for
dietary vitamin A for the purpose of cancer prevention. The discussions concerning vita-
min D and its preventive cancer effects are quite limited; however, there is evidence that
the ability to produce vitamin D3 is often lost as cancer develops. This leaves open the
possibility that with restoration of this synthesis mechanism, there could be modulation
of the carcinogenesis process.

Unfortunately, the role of folate in cancer prevention has been contradictory, espe-
cially since the mid-1990s when folic-acid supplementation of the US food supply was
initiated. Essentially, too much of a “good thing” may not be so “good.” The chap-
ters on the minerals, selenium, and calcium provide well-documented preclinical and
clinical data of their potential to prevent cancer. The putative mechanisms for cancer
prevention are described for both. Selenium has been connected to antioxidant protec-
tion and anti-inflammatory effects while calcium provides protection by decreasing cell
proliferation and stimulating cell differentiation in numerous types of cells. In contrast,
excess iron accumulation can lead to increased risk of cancer and diseases associated
with iron overload, but iron is required for many normal cell functions and therefore
poses a dilemma with respect to long-term supplementation.

Currently, there has been an increased interest in zinc consumption because of its
activity in boosting immune function and “fighting” the common cold. There is preclin-
ical evidence to support that zinc has a potential role in cancer prevention. This concept
has been formulated primarily because dietary zinc deficiency has been associated with
increased tumors in epidemiological, clinical, and animal model studies. Esophageal
cancer translational research efforts demonstrated an effect on NF-kB-COX-2 signaling
pathway regulation by zinc that might contribute to prevention of this and other types of
cancer.

Chapters 23–30 provide a large amount of reference supported research on specific
compounds in different food components. One such compound is sulforaphane found
in cruciferous vegetables and noted to block inflammatory responses. Cruciferous veg-
etable intake may reduce the risk of several cancers, including the hematologic malig-
nancies, multiple myeloma, and non-Hodgkins lymphoma. Cruciferous vegetables con-
tain isothiocyanates and indoles that have demonstrated advantageous cancer prevention
effects on tumor cell cycles, gene expression, apoptosis, inflammatory responses, and
other mechanisms associated with lowering of cancer risk. The bioactive sulfur com-
pounds of garlic also have been shown to reduce cell proliferation and enhance DNA
repair in animal models. Garlic decreased cancer formation subsequent to carcinogen
exposure.

The polyphenols, resveratrol and genistein, individually and in combination reduced
the size and progression of breast and prostate tumors in animal models. The benefits
of tea intake are discussed and accompanied by a complete table of the epidemiolog-
ical studies of tea consumption and the associated reduction in cancer risk. Another
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set of bioactive compounds extensively reviewed in this text are the isoflavones, genis-
tein, and diadzein from soy. These compounds demonstrate a multitude of mechanisms
contributing to their anti-carcinogenic effects. Also the phytochemicals of berries and
pomegranates are introduced. In berries, the most active compounds are the antho-
cyanins. Berries inhibit carcinogenesis by inhibiting growth of cells, inhibiting angio-
genesis and inflammation, and stimulating apoptosis, cell differentiation, and cell adhe-
sion. Topical ointments containing berry extract have been associated with a reduction
in histological grade and restoration of loss of heterozygosity in oral dysplastic lesions.
The authors go so far as to advise the daily consumption of several grams of berry pow-
der to elicit protection from cancer development.

Pomegranate ellagitannins metabolize into urolithins by the gut flora, which have
demonstrated bioactivity in inhibiting prostate cancer cell growth, NFκ-B, and HIF-1α-
dependent activation of VEGF. The consumption of pomegranate juice appears to cause
a decrease in the rate of PSA after radiation or surgery in prostate cancer treatment. The
second to last chapter in this text brings forth the biological data on alcohol consumption
and its contribution to the development of many types of cancers of the aerodigestive
tract. Discussed in the final chapter is the aryl hydrocarbon receptor (AhR). When acti-
vated by agonists, the AhR leads to a decreased expression of the tumor suppressor
genes p16 and BRCA-1 and may be a risk factor in various types of cancer. Under cur-
rent investigations are the potential benefits of using natural modulators of the AhR,
including resveratrol and other indole compounds to work as cancer chemoprevention
drugs.

The authors of many of these chapters rightfully address the difficulties in moving
positive in vitro and animal studies of these bioactive compounds to human studies of
chemoprevention (13). The suggested evidence necessary for a compound to qualify as
a chemopreventive agent that could be developed naturally is shown in Fig. 2.

In an era where either the patients are asking “how and why” to prevent cancer or
patients circumstances require the motivation for healthier living, “Bioactive Compound
and Nutrition” provides the health-care professionals the concrete research behind calo-
rie restriction, increased physical activity, reduction of intake of certain foods, including
the moderation of vitamin and supplement consumption, and the increased intake of

Fig. 2. Qualities of an ideal chemopreventive agent.
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other healthful nutrients. With the identification of the actual bioactive compounds in
the diet and understanding the molecular interactions that occur with these compounds,
there will be greater confidence that effective chemoprevention agents can be developed
from these dietary components.

David S. Alberts, MD
Maria Lluria-Prevatt, PhD
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Natural agents have a long, exciting history in cancer prevention that extends back to
1925, when Wolbach and Howe reported early animal studies of vitamin A, foreshad-
owing the founding of the field of modern cancer chemoprevention by pioneers such as
Lee Wattenberg, Michael B. Sporn, and Waun Ki Hong in the 1960s, 1970s, and 1980s.
In the wake of several negative, some even harmful, major trials of natural agents for
chemoprevention, however, a recent editorial stated that the prospects for cancer preven-
tion through natural agents “have never looked worse” (1). Although this observation is
perfectly understandable, no one should rush to count natural bioactive compounds out,
as the chapters of this book, Bioactive Compounds and Cancer, make abundantly clear.

This comprehensive textbook is an excellent research source of in-depth reviews in
every chapter, illustrating the complexity of the field and useful both for research and for
clinical practice. Every major area of natural-agent research is covered. Wide-ranging
chapters on biology, technology, and mechanisms include one chapter each on nutrige-
nomics and nutrigenetics and a chapter on diet and epigenetics. Research varying from
whole foods to extracts to specific compounds is presented in a clear, useable format.
There are individual chapters on a host of bioactive compounds including folate, sele-
nium, vitamin D, zinc, iron, garlic, isoflavones, berries and anthocyanines, herbs and
spices, pomegranates, and many more. The book’s broad scope is illustrated further
by chapters on caloric restriction/energy balance, gut microbiotica, aryl hydrocarbon
receptor-mediated carcinogenesis, carcinogenic effects of meat and alcohol, and (in four
chapters) the double-edged sword of fatty acids.

Although illuminated in this book, much of the leading-edge methodology of natural-
agent research did not enter into the backgrounds and rationales of the large randomized
controlled trials (RCTs) beginning in the mid-1990s that led to the gloomy outlook
quoted above. Beta-carotene and vitamin A analogues (retinoids) increased lung cancer
incidence and mortality in smokers. Folic acid increased the risk of advanced colorectal
adenomas and prostate cancer. Vitamin E (α-tocopherol) marginally increased prostate
cancer in the largest cancer prevention RCT ever conducted (the Selenium and Vita-
min E Cancer Prevention Trial [SELECT]), in addition to increasing mortality in meta-
analyses of clinical trials. The only positive micronutrient RCT involved is calcium,
which produced a significant, albeit modest, reduction in colorectal adenomas. RCTs
of many other natural compounds, including complex combinations of vitamins and
minerals, have yielded negative-neutral results. Many complex aspects of these results
remain unresolved, including the apparent non-linear dose–response of many of the nat-
ural agents, potential effects in nutrient-deficient (not replete) populations, and pharma-
cogenomic considerations such as have been reported recently for selenium.

The primary basis of most of these RCTs was epidemiologic data, which can be
confounded by many factors. The enormous SELECT went further, basing its rationale

xix
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largely on compelling secondary RCT data, which did not lead to positive results. In
view of these trials’ somewhat limited rationales and preponderantly negative results,
cancer prevention experts have proposed a new model of natural agent development, a
model that develops consistent cross-discipline preliminary data from preclinical mod-
els, epidemiology, pharmacogenetics, risk-modeling, and early-phase clinical trials prior
to the launch of large, expensive, and time-consuming RCTs. Strong efforts are needed
in the step of early-phase clinical trials, including presurgical studies within intraep-
ithelial neoplasia or cancer and important correlative assessments such as of molecular
profiles of efficacy.

The editorial mentioned in the opening paragraph also aptly said, “The primary les-
son from our experience in the nutritional prevention of cancer is that it is not simple.”
Nevertheless, the complexity of feasible, desired early evidence will lead, at last, to
the most-promising areas for registration or definitive RCTs of natural agents. These
RCTs will represent the distillation of large, heterogeneous populations of somewhat-
increased – risk individuals down into cohorts of highest-risk, pharmacogenomically
appropriate individuals, who will receive formulations, doses, and durations of single or
combined natural agents with the highest activity and safety profiles in preclinical and
early-stage clinical studies. This proposed agent-development scheme applies not only
to the natural agents described by world leaders in this remarkable book, but as well
to the development of molecular-targeted or other synthetic agents for cancer preven-
tion. Movement toward achieving the goal of fully stepped natural-agent development
includes efforts of the new American Association for Cancer Research (AACR) journal
Cancer Prevention Research, which is the leading home for preclinical (in vitro and
in vivo), pharmacogenomic, molecular risk assessment, and early-phase clinical studies
relevant to natural bioactive compounds.

In sum, the prospects for prevention through natural agents have never looked better,
thanks to the growing impetus for effective drug development reflected in the extraordi-
nary body of work represented in Bioactive Compounds and Cancer.

Scott M. Lippman, MD
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Preface

Cancer is a global issue. While cancer risk may vary depending on location there
is mounting evidence that the incidence and associated morbidity and mortality will
continue to mount. This increase is in part due to an aging society, but also to the esca-
lating incidence of obesity throughout the world. Only a small percentage of cancers
are familial suggesting that environmental factors including dietary intakes are critical
for determining risk and tumor behavior. The impetus to developing this volume stems
from the wealth of evidence pointing to specific dietary bioactive components as modi-
fiers of cancer-related processes. Thirty-three chapters have been assembled from world
renowned experts who have conducted a systematic review of the relevant literature and
provided an assessment of cancer prevention opportunities using bioactive food com-
pounds. The tone of this text is to establish a “proof-of-principle” about the importance
of nutrition and cancer prevention while realizing that space limitations may not have
allowed for all areas to be adequately addressed. The text has been divided into sev-
eral sections to aid in the assimilation of the materials provided. Part I: Understanding
the Role of Nutrition in Health addresses the cancer response to bioactive food compo-
nents, how “omics” approaches have been used to investigate individual variability due
to genetic and epigenetic nutrient regulation of signaling proteins and associated small-
molecular-weight compounds. This section defines the cellular cancer processes and
molecular targets for food components and identifies those individuals who are likely to
benefit by assessing the relevance of selected polymorphisms. Part II: Role of Dietary
Bioactive Components in Cancer Prevention and/or Treatment was developed realizing
that cancer risk is influenced by dietary behavior and interactions among dietary Macro-
constituents including dietary energy balance, protein, fats, and microflora. Moreover,
the effects of certain macronutrients on the cancer process may be modified by syner-
gies with other bioactive components including Carotenoids, Vitamins, and Minerals,
and many Bioactive Food Components found in fruits and vegetables, which in concert
may alter the susceptibility to cancer risk. Attention was given to the fact diet may also
be a vehicle for cancer-promoting substances including Alcohol and to the biological
basis of prevention by natural bioactive compounds against certain Dietary Xenobiotics
with cancer-promoting effects. Finally, this volume provides a forum to discuss oppor-
tunities and challenges for communicating food and health relationships to Consumers.

In preparing this text, efforts were directed to presenting epidemiological, clinical,
and preclinical experimental evidence supporting the role of selected bioactive food
components in cancer prevention or causation. Because bioactive food components are
promiscuous and influence a multitude of molecular and cellular targets, particular atten-
tion was given to discussion of the mechanisms of action, review of experimental data
supporting tissue-specific cancer preventative effects, and whenever available, to the
totality of evidence supporting the use of specific bioactive food components for the

xxi



xxii Preface

prevention or management of specific types of neoplasms. Areas for future nutrition
and cancer research are also highlighted throughout. When possible, global recommen-
dations are provided as general guides for use by those committed to reducing cancer
burden.
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