Di1ETARY COMPONENTS AND IMMUNE
FuNcTioN



NutriTiON ¢ AND ¢ HEALTH
Adrianne Bendich, PhD, FACN, Series Editor

For other titles published in this series, go to
www.springer.com/series/7659



DIETARY
COMPONENTS AND
IMMUNE FuNncTION

Edited by

RonNnaALD R. Warson, PhD

Division of Health Promotion Science, Mel and Enid Zuckerman
College of Public Health, University of Arizona, Tucson, AZ, USA

SHERMA Z1BADI, MD, PhD

Division of Health Promotion Science, Mel and Enid Zuckerman
College of Public Health, University of Arizona, Tucson, AZ, USA

Victor R. Preepy, PhD

King’s College London, Department of Nutrition and Dietetics, UK

Me

>« Humana Press



Editors

Ronald R. Watson

Division of Health Promotion Sciences,
Mel and Enid Zuckerman

College of Public Health,

University of Arizona,

Tucson, AZ,

USA

rwatson@u.arizona.edu

Victor R. Preedy

King’s College London

Department of Nutrition and Dietetics
UK

victor.preedy @kcl.ac.uk

Series Editor

Adrianne Bendich

GlaxoSmithKline Consumer Healthcare
Parsippany, NJ

ISBN 978-1-60761-060-1
DOI 10.1007/978-1-60761-061-8

Springer New York Dordrecht Heidelberg London
Library of Congress Control Number: 2010931836

© Springer Science+Business Media, LLC 2010

All rights reserved. This work may not be translated or copied in whole or in part without the written permission of the
publisher (Humana Press, c/o Springer Science+Business Media, LLC, 233 Spring Street, New York, NY 10013, USA),
except for brief excerpts in connection with reviews or scholarly analysis. Use in connection with any form of information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now known or

hereafter developed is forbidden.

The use in this publication of trade names, trademarks, service marks, and similar terms, even if they are not identified as

Sherma Zibadi

Division of Health Promotion Sciences,
Mel and Enid Zuckerman

College of Public Health,

University of Arizona,

Tucson, AZ,

USA

shermazib@yahoo.com

e-ISBN 978-1-60761-061-8

such, is not to be taken as an expression of opinion as to whether or not they are subject to proprietary rights.

While the advice and information in this book are believed to be true and accurate at the date of going to press, neither
the authors nor the editors nor the publisher can accept any legal responsibility for any errors or omissions that may be

made. The publisher makes no warranty, express or implied, with respect to the material contained herein.

Printed on acid-free paper

Humana Press is part of Springer Science+Business Media (www.springer.com)



Acknowledgments

The work of editorial assistant, Bethany L. Stevens, in communicating with authors,
working with the manuscripts and the publisher was critical to the successful comple-
tion of the book and is much appreciated. Her daily responses to queries and collection
of manuscripts and documents were extremely helpful. Support for her work was
graciously provided by Elwood Richard and the National Health Research Institute in
support of its mission to communicate with scientists about bioactive foods and dietary
supplements was vital (http://www.naturalhealthresearch.org). This was part of their
efforts to educate scientists and the lay public on the health and economic benefits of
nutrients in the diet as well as supplements. Finally, Nguyen T. Nga and Mari Stoddard
of the Arizona Health Sciences library were instrumental in finding the authors and their
addresses in the early stages of the book’s preparation.

A special appreciation is given to Adrianne Bendich, PhD, the Series Editor for her
time and thought which resulted in important modification in the order of the chapters
in this book. Also to the staff of Humana Press a branch of Springer who have helped
the editors over many years provide interesting scientific reference books to other
researchers.






Series Editor Introduction

The Nutrition and Health series of books has, as an overriding mission, to provide
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, interchapter referrals, (8) suggestions of areas for future research, and (9)
balanced, data-driven answers to patients/health professionals and questions which are
based upon the totality of evidence rather than the findings of any single study.

The series volumes are not the outcome of a symposium. Rather, each editor(s) has
the potential to examine a chosen area with a broad perspective, both in subject matter
as well as in the choice of chapters. The international perspective, especially with regard
to public health initiatives, is emphasized where appropriate. The editors, whose train-
ings 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 authori-
ties 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.

“Dietary Components and Immune Function”, edited by Ronald R. Watson, Ph.D.,
Sherma Zibadi, M.D., and Victor Preedy, Ph.D. exemplifies the goals of the Nutrition
and Health Series. Unlike many other books in the area of nutritional immunology, this
text provides a critical assessment of the field based upon recent in vitro, laboratory
animal studies as well as epidemiological and clinical intervention studies. Each of the
editors has extensive experience in clinical immunology and the combined experiences
in academia, and clinical practice provides a broad perspective on the role of food and
food components, diet and diet modifications, nutrients and the multitude of nonessen-
tial components of the diet on critical aspects of human immune responses.

The editors have chosen 85 internationally recognized experts who are active investiga-
tors of the impact of overall diet on the risks of infection, cancer, autoimmune disease
and environmental stressors in different age groups, in different countries throughout
the world, and in both sexes. This important text provides practical, data-driven
resources, including over 4,000 up-to-date references and more than 40 well-organized
tables and figures that assist the reader in evaluating the nutritive value of the immu-
nomodulatory vitamins and minerals and other dietary constituents, such as probiotics,
long chain fatty acids, conjugated linoleic acid, traditional Chinese medicines, plant
polyphenols, tannins, and many other components of foods. Moreover, the critical
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viil Series Editor Introduction

value of nutrition for at-risk populations, including those living with cancer, allergies
and/or asthma, autoimmune diseases, the very young and the very old are extensively
reviewed in several unique chapters.

Each chapter begins with comprehensive bulleted Key Points followed by the list of
key words, and includes an overview and historic review, examination of the literature
with critical focus on comparisons between studies, discussion of the chemical compo-
sition of actives, where appropriate and conclusions and perspectives on future research
areas. The overarching goal of the editors is to provide fully referenced information to
health professionals so they may have a balanced perspective on the value of many
dietary components that are routinely consumed by patients and clients with the hope
that immune responses will be enhanced. This important volume provides health profes-
sionals with balanced, data-driven answers to numerous questions about the validity of
the science to date and also provides researchers with opportunities to clarify areas
where many questions still exist about the effects of specific nutrients/dietary factors on
human immune responses.

The editors have organized the volume into six sections that reflect the breadth and
depth of current knowledge in the area of dietary factors that affect immune responses.
In the first section entitled Development of Human Immune Responses, the editors have
wisely included an introductory chapter that clearly outlines the embryonic develop-
ment of the human immune system, and this chapter as well as subsequent chapters
review in depth the value of breast milk for the development of neonatal as well as
lifetime immunity. Unique areas of focus include an analysis of the effects of maternal
undernutrition on immune responses in neonates, and of relevance is the chapter on the
effects of undernutrition on parasitic invasion. The second section on Nutrients and
Immunomodulation contains complementary chapters on the role of fatty acids, espe-
cially long chain fatty acids on the immune system in general, and these chapters are
followed by reviews of the specific effects with regard to the brain, fat tissue, and obes-
ity, and effects on cancer cells and immune responses to tumors. There is a separate
chapter on vitamins and minerals and another on trace minerals and the third examines
the effects of vitamin supplements in women with HIV infections. The third section
provides in-depth, separate chapters devoted to the Role of the Immune System in
Cancer Prevention and Treatment and the effects of some of the thousands of dietary
bioactive compounds including, but not limited to the vitamins, carotenoids, and
minerals. Certain immune cells can directly kill tumor cells, and this potential can be
enhanced by certain components of the diet. Fruit and vegetable intake above the aver-
age has been associated with decreased risk of several cancers, and the components of
fruits and vegetables are reviewed with regard to enhanced tumor cell killing by cyto-
toxic immune cells. Lactoferrin, one of the whey proteins in milk, also has anticancer
and immunoenhancing effects in vitro and in animal models that are outlined in a sepa-
rate chapter. Other unique chapters review in detail the plant-derived drugs and semi-
synthetic derivatives that are used to treat cancer and compare these with bioactive plant
compounds used in Traditional Chinese Medicine (TCM). Some of these compounds
are directly cytotoxic to cancer cells, whereas many stimulate immune cells to kill
tumor cells. The differences between the emphasis of TCM on restoring balance and
prolonging life compared to treating the tumor in Western medicine is clearly described
in the two complementary chapters.
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The fourth section on Dietary Components in Allergy and Asthma includes chapters
that examine controversial areas such as genetic factors and interactions between fetal
and early neonatal exposure to allergens from the maternal sources versus diet and the
increased risk of asthma in childhood. The importance of the neonatal colonization by
gut microflora and the development of immune function resulting in tolerance of envi-
ronmental antigens are also reviewed. The value of breast feeding is emphasized as is the
delay of complementary feeding until 4—6 months of age. Dietary factors considered to
be associated with the reduction in the risk of allergy/asthma development include long
chain omega-3 polyunsaturated fatty acids, antioxidants, and certain probiotics.
Preliminary evidence of the potential for an extract from a specific mushroom to affect
the development of IgE responses is also included in a separate chapter. Authors of these
chapters have been particularly inclusive and objective; extensive references to the pub-
lished literature are provided. The fifth section looks mainly at the preliminary data from
in vitro and small animal studies on the effects of Botanical Extracts and Bioactive Foods
and includes separate chapters on resveratrol and on other bioactive flavonoids; immu-
noactive components of cocoa; extracts used in TCM; microalgae; extracts from edible
mushrooms, including their immunoenhancing polysaccharides; soy sauce and its bioac-
tive polysaccharides, and anti-inflammatory actions of cinnamon extracts. These chap-
ters contain extensive, detailed tables that bring the reader up-to-date on the state of the
science linking the compounds to immune function, specific immune cell interaction
effects on allergy, antiviral activity, and disease resistance. The important emphasis on
ethnopharmacology and the potential role of plants and their constituents as direct anti-
virals, anticancer, and immunostimulatory agents is of great value, especially as the data
presented are balanced and objectively tabulated for the reader. Bioactive foods can also
be considered as those that contain factors that can be immunotoxic such as aflatoxin,
alcohol, methyl mercury, nitrosamines, polychlorinated compounds, as examples. This
section ends with a critically important and unique chapter on immunotoxicology of
foods. The last section includes four chapters that review the data on pre- and probiotics.
The chapters examine the important role of the gastric mucosal immune system and the
significance of gut bacteria in health as well their potential beneficial effects for those
suffering from pancreatitis or irritable bowel diseases in separate chapters.

Understanding the complexities of the human immune system and the effects of
food/environment/age/sex/concomitant disease/drugs/stressors certainly is not simple
and the interactions can often seem daunting. However, the editors and authors have
focused on assisting those who are unfamiliar with this field in understanding the criti-
cal issues and important new research findings that can impact their fields of interest.
Drs. Watson, Zibadi, and Preedy have carefully chosen the very best researchers from
around the world who can communicate the relevance of dietary components in both the
maintenance of a healthy immune system and the potential for bioactive food compo-
nents to affect the course of infections and chronic diseases. The authors have worked
hard to make their information accessible to health professionals interested in public
health, those practicing in medical specialties from pediatrics to geriatrics, those in
general medical practice, nursing, pharmacy, educators, students as well as nutrition-related
allied health professionals. The editors have taken special care to use the same terms
and abbreviations between chapters, and provide a clearly written glossary of terms as
well as a list of abbreviations used throughout the volume.
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In conclusion, “Dietary Components and Immune Function”, edited by Ronald Ross
Watson, Sherma Zibadi, and Victor Preedy provides health professionals in many areas
of research and practice with the most up-to-date, well-referenced volume on the impor-
tance of dietary factors for optimal immune function. This volume will serve the reader
as the most authoritative resource in the field to date and is a very welcome addition to
the Nutrition and Health Series.

Parsippany, NJ Adrianne Bendich, PhD, FACN



Preface

The Strategic Plan of the United States’ National Institute of Health stresses the
pursuit of mechanistic studies as an overarching priority. Among the basic mechanisms
identified as needing exploration are immune-focused studies. Many dietary compo-
nents are believed to exert their activities by modulating immune function. These are
highly sought by patients in the absence of an effective standard pharmaceutical therapy.
Numerous botanical extracts as well as high dose vitamin supplements are used by the
public with the expectation that they will boost and/or modulate immune responses.
As the number of seniors grows interest in their loss of immune defenses (immunose-
nescence) increases and is linked to longevity or lack thereof. The desire to maintain
wellness by preventing and treating infectious diseases are among the key reasons for
responses. Normal functioning of the immune system is critical to health. One new
tumor cell appears about every day and is eliminated by the immune system. Aging,
stress, diseases like AIDS, autoimmune reactions, chemical treatments to suppress
immune responses in arthritis, and transplants can facilitate the survival of a cancer,
leading to clinical disease. Can dietary modulation thereafter help treat cancer? Putative
immune-modulating agents and practices are also being used with the belief that they
will maintain wellness by reversing the immune decline-associated aging and the immu-
nosuppression associated with cancer, its treatment, and with HIV/AIDS. Thus, an
increased focus on understanding the efficacy of botanicals and other dietary supple-
ments on immune function is warranted.

This book focuses on dietary modalities that modulate immune function. The first
section discusses various nutrients that alter innate and/or adaptive immunity humoral
and cellular responses affecting both immune mechanisms and disease endpoints. The
second section investigates the role of nutriceuticals in immune-mediated cancer resist-
ance. The third one investigates their role in asthma and allergy. The fourth segment
reviews the role of botanical extracts and supplements in enhancing responses to patho-
gens, which should have significant public health value. Indeed, the usage of foods and
their extracts as therapeutic tools appear in ancient and modern cultures. Thus, the first
set of reviews investigates bioactive foods in immunodeficiency diseases. The next
section looks at the role of nonpathogenic bacteria, prebiotics, and probiotics in immune
modulation. Finally, the authors review dietary supplements in viral diseases.
Historically, famine preceded disease and likely was treated by dietary therapy of the
immunodeficiency due to dietary insufficiency.

Clearly, information is vital for the researcher, physician, and particularly the lay
public as they are exposed to increased availability and media evidence that they may
have efficacy. Importantly, in the USA the use of botanicals and their extracts are widely
available, part of a 20 billion dollar business. The majority of seniors use dietary sup-
plements and nutrients to promote health. How effective are these agents in doing so via
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xii Preface

immune restoration or regulation? Therefore, information from scientific research is
critical to help people make decisions on their benefits, risks, or value in the prevention
and treatment of immune dysfunction with loss of resistance.

Tucson, AZ Ronald R. Watson
Tucson, AZ Sherma Zibadi
London, UK Victor R. Preedy
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1 Nutrition, The Infant

and the Immune System

Ger T. Rijkers, Laetitia Niers, Marianne
Stasse-Wolthuis, and Frans M. Rombouts

Key Points

* The human newborn possesses a functional but immature immune system in order to
provide defense against a world teeming with microorganisms.

* Breast milk contains a number of biological active compounds which support the
infant’s immune system.

* These include secretory IgAs, which confer specific protection against enteric patho-
gens, as well as many other immunological active ingredients.

* A number of these ingredients can and are being used as supplements for infant
nutrition formulas.

* The strength of the evidence for immunostimulating effects of selected minerals,
vitamins, fatty acids, pre- and probiotics and nucleotides is reviewed.

Key Words: Infant immune system, cordblood, breast milk, pre- and probiotics,
nutrition.

1.1 THE INFANT IMMUNE SYSTEM

1.1.1 Development of the Inmune System

The development of the immune system starts during embryogenesis when the first
hematopoietic cells develop outside the embryo, in the yolk sac. Then, in the 6th week of
gestation, the first committed hematopoietic stem cells can be detected in the mesoderm
of the fetus, the so-called aorta-gonad-mesonephros (1). Next, these hematopoietic stem
cells migrate to the fetal liver and there they initiate erythropoiesis (2). During the 7th
week of gestation, progenitor cells seed the developing thymus. Seeding into the bone
marrow occurs much later (by week 20) (3, 4). The T lymphocytes develop in the thymus,
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