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The interaction of immune function and nutrition underlies the low-grade 
chronic inflammation involved in the etiology of many common obesity-
associated and age-related chronic disease conditions. This close interaction 
is the genesis of the term immunonutrition, which represents a new 
interdisciplinary field of nutritional and medical research. Immunonutrition: 
Interactions of Diet, Genetics, and Inflammation introduces the breadth 
of this field, which implicates nutrition in both immune function and in the 
etiology, prevention, and treatment of common diseases influenced by 
inflammation and immune imbalance, including obesity, diabetes, heart 
disease, asthma, autoimmune diseases, and common forms of cancer . 
 
The book begins by reviewing the basic mechanisms of immunity and cellular 
mechanisms of cytokine activation. It discusses the effects of dietary fat 
intake and changes in Western diet and lifestyle linked to inflammation. It 
also describes the interaction of genetics and environment in the modulation 
of immune function and inflammation and addresses exercise and skeletal 
muscle as an endocrine and immune organ. The book reviews the entire 
spectrum of inflammation and cancer from causation to its role in tumor 
therapy. It examines abdominal obesity and metabolic diseases, interactions 
between nutrition and autoimmunity in systemic lupus erythematosus and 
rheumatoid arthritis, and inflammation associated with type 2 diabetes, 
heart disease, kidney disease, Alzheimer’s disease, and asthma.  
 
Considering potential nutrition-based treatments, the book explores approaches 
for reducing abdominal obesity, anti-inflammatory effects of phytochemicals, 
practical strategies for increasing fruit and vegetable intake, and anti-
inflammatory properties of spice phytonutrients. In addition, it explores how 
uninformed food choices related to fats and oils create a balance of tissue-
selective signals that produce harmful health outcomes and how to restore a 
healthy balance.
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Preface
Immune function and nutrition are closely intertwined in human health. The immune 
system is composed of an innate immune system and an adaptive immune system. 
The latter is only found in vertebrates while the former is an ancient system that goes 
back in evolution to insects and plants.

It is the innate immune system that is overactivated in response to the Western 
diet and obesity-associated diseases due to chronic low-grade inflammation. These 
diseases range from type 2 diabetes to heart disease, which are closely aligned with 
the accumulation of visceral and liver fat resulting in insulin resistance. Individuals 
who are about 30 lb overweight or have a body mass index (BMI) of 30 or more 
have a 30-fold increased risk of type 2 diabetes mellitus. This 3000% increased risk 
is not simply another risk factor but an intrinsic part of the pathogenesis of diabetes 
bringing us to call this condition diabesity. However, the etiology of diabetes is not 
simply linked to weight but to visceral fat. Individuals in India and China can accu-
mulate visceral fat at normal or even low BMI. Some 70 million Americans have 
high blood sugar or prediabetes, and the syndrome, called metabolic syndrome, 
affects 50% of individuals between the ages of 50 and 65 in the United States and 
many other countries.

The interaction of immune function and nutrition underlies the low-grade chronic 
inflammation involved in the etiology of many of the common age-related chronic 
disease conditions covered in this textbook. The largest portion of the immune sys-
tem is located adjacent to the gastrointestinal tract. Plants, which also have an innate 
immune system, live in soil that is made up of both friendly and potentially toxic 
bacteria. Plant roots attract helpful bacteria and repel those bacteria that could attack 
them. Humans carry their soil with them in the form of trillions of gut bacteria, 
which interact with the immune system. Both dietary intake and obesity influence 
the gut microflora, called the microbiome. Plants affect the local bacteria in the soil; 
it is thus not surprising that dietary phytochemicals and prebiotics in the human diet 
also affect gut microflora.

Diet and exercise are necessary strategies in efforts to reduce visceral fat and 
modulate systemic immune function through increased intakes of fruits, vegeta-
bles, plant protein, fish oils, prebiotic fibers, and spices. Nutrition in the broadest 
sense determines the health of the immune system. When malnutrition results in 
death, it is most commonly caused by infections due to loss of immune function. 
Therefore, both in obesity and malnutrition, nutritional factors influence immune 
function. This close interaction is the genesis of the term immunonutrition, which 
represents a new interdisciplinary field of nutritional and medical research.

It is our hope that this textbook will stimulate increased interest in this new inter-
disciplinary field among students and junior investigators who will carry this field 
into the future. There is a need for more human studies to complement the exciting 
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basic research already developed in cell culture and animal models demonstrating 
the mechanisms underlying the interaction of nutrition and immune function. We 
hope that this book will achieve these objectives.

David Heber MD, PhD, FACP, FACN
Los Angeles, California

Bharat B. Aggarwal, PhD
Houston, Texas
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1 Evolution of Innate and 
Adaptive Immunity

David Heber and Bharat B. Aggarwal

INTRODUCTION

The human immune system can be divided into two functional entities: the innate 
and the adaptive immune systems. The innate immune system appeared early in 
evolution prior to the time that plants and animals took separate paths, but the 
basic mechanisms of pathogen recognition and activation of the innate immune 
response are conserved throughout the evolution of plants and animals includ-
ing humans [1]. Innate immunity is the first line of defense against infectious 
microorganisms in humans and relies on germ line–encoded pattern recognition 
receptors (PRRs) to recognize pathogen-derived substances [1]. Activation of the 
innate immune system through these receptors leads to the expression of a vast 
array of antimicrobial effector molecules that attack microorganisms at many 
different levels.

The innate immune system has been studied extensively in fruit flies (Drosophila 
melanogaster) [2] and even in worms such as Caenorhabditis elegans. These ani-
mals have the same genes as vertebrates, including mice and humans, that encode 
intracellular signaling pathways leading to the activation of the transcription fac-
tor nuclear factor-kappa B (NFκB). These gene cassettes encode various proteins 

CONTENTS

Introduction.................................................................................................................1
Evolution of Innate Immunity.....................................................................................5

Innate Immune System in Plants............................................................................5
Innate Immune System in Humans........................................................................6

Evolution of Cellular Immunity..................................................................................6
Immunity and Inflammation...................................................................................7
Cellular Immunity..................................................................................................7

Adaptive Immune System...........................................................................................9
Malnutrition and Immune Function.......................................................................... 10
Immune Function in Obesity.................................................................................... 11
Macrophage Receptors for Omega-3 Fatty Acids..................................................... 11
Immune Function and Vitamin and Mineral Balance............................................... 12
Practical Considerations for Modulating Immune Function..................................... 14
References................................................................................................................. 15



2 Immunonutrition: Interactions of Diet, Genetics, and Inflammation

of signaling pathways modulating NFκB activation and inflammation discussed 
elsewhere in this textbook. This evolutionary history combined with other evidence 
supports the notion that the activation of NFκB is the central signaling pathway of 
activation in innate immunity, leading in turn to the transcription of a set of genes 
dependent on NFκB [3]. Moreover, this pathway is a universal pathway that leads to 
activation in all host defense systems.

The adaptive immune system evolved much later in higher species (see 
Figure 1.1).

In contrast to innate immunity, the adaptive immune system generates 
antigen-specific receptors, antibodies, and T-cell receptors by somatic cell DNA 
rearrangement [4]. These receptors, found only in higher eukaryotes, recognize 
specific pathogen-encoded proteins. Mammals have a complex immune response, 
which relies on communication between the innate and adaptive arms of the immune 
system.

In the human gut, trillions of bacteria live in symbiosis with the host and affect 
both host nutrition and immune function. Studies confirm that gut microbiota carry 
on a dynamic interaction with the intestinal innate and adaptive immune systems, 
affecting different aspects of its development and function. Communication between 
the mucosal immune system and endogenous microflora favors mutual growth, sur-
vival, and inflammatory control of the intestinal microbiome [5].

Since humans evolved in equilibrium with plants, insects, and bacteria, the 
innate and adaptive immune systems were clearly influenced by the innate immune 
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FIGURE 1.1  Adaptive immune function is a late evolutionary development in vertebrates 
while innate immune function can be traced back to the earliest cell types including bacteria.
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