

Dr William Li



EAT TO BEAT DISEASE

The body’s five defence systems & the foods that could save your life

[image: Penguin Random House]



Praise for
Eat To Beat Disease

“Molecular medicine has finally been joined by molecular nutrition! Human health care can now be truly transformed by integration of the two most powerful determinants of health and disease: the medicine we take and the food we eat. As a physician-scientist, Dr. Li has a distinguished career of contributing to stunning progress in our elucidation of the genetic, molecular, and cellular mechanisms determining our health and disease. This knowledge has enabled researchers and clinicians to unleash powerful, targeted medicines to prevent, eliminate, or control disease and ushered in the modern era of ‘precision medicine.’ Medical science has long recognised that in addition to pharmaceuticals, diet also played a significant part in modulating our heath but we did not understand how and why. In EAT TO BEAT DISEASE, Dr. Li presents a scientifically rigorous and comprehensive exposition of the molecular nutrients contained in our diets and their relationship to prevention of disease and restoration of health, thereby providing for ‘precision molecular nutrition.’ It’s a truly historic compendium.

“This book is extraordinary in the depth of its providing an elucidation of the unique micronutrient of an extensive variety of food and its specific interaction with cells and tissues of the body. For decades, we captured a primitive understanding of ‘healthy foods’ and applied maxims like ‘An apple a day keeps the doctor away.’ In this book, Dr. Li not only tells us why an apple has health benefits but even more importantly tells us which variety of apple is best!

“This book is brilliantly written in a style that first explains the key mechanisms the body employs to maintain the health and integrity of our bodies when confronted by invading infections, a breakdown in genetic controls that can lead to cancer or the simple process of ageing. Those principal mechanisms are angiogenesis, regeneration, the microbiome, DNA protection and immunity. Dr. Li then offers us detailed exposition of the molecular nutrients most effective in support of these mechanisms and the specific foods in which they are found in sufficient abundance. In effect this creates a precision dietary prescription, and the great pleasure and perhaps surprise is that the formulary is filled with things we like to eat!

“Throughout the extensive exposition of the interaction between the micronutrients of various foods on the functions of the body, Dr. Li provides ample documentation with data derived from scientific experiments and well-conducted clinical research trials, but beyond sound nutritional prescriptions the latter portion of the book becomes quite practical with his presentation of his 5 x 5 x 5 plan that matches the condition to be addressed with the foods you like the best and the practical way to incorporate this kind of healthy eating into your life style.

“In summary, EAT TO BEAT DISEASE is the best guide to using food to enhance heath that I am aware of for both professionals and the public. It is scientific, it is comprehensive, it links logic with prescription, and most important it is practical! It will not only transform the way you eat—it will transform health care.”

—Andrew C. von Eschenbach, MD, president, Samaritan Health Initiatives, former director of the National Cancer Institute, former commissioner of the Food and Drug Administration

“A groundbreaking physician shares how we can use food to hack our natural defence systems and hard-wire ourselves for health.”

—Mehmet Oz, MD, host, The Dr. Oz Show

“EAT TO BEAT DISEASE is a trailblazing book. Author, world-renowned physician, and medical scientist Dr. William Li explains how we have the power to help control our own health destiny by making decisions that help the body heal itself. Dr. Li describes how more than two hundred foods amplify our body’s defences, which can result in beneficial health outcomes. EAT TO BEAT DISEASE is a must read—I strongly endorse it.”

—Dean Ornish, MD, founder and president, Preventive Medicine Research Institute, clinical professor of medicine, University of California, San Francisco, author, UnDo It!

“With EAT TO BEAT DISEASE, Dr. William Li tells us why your fork is your most powerful tool for health. This book reveals powerful new discoveries about how the body naturally resists disease through specific health defence systems. Dr. Li takes us on an epic journey, accompanied by scientific evidence, that shows us what we eat can activate these defences. Unlike so many books that turn people away from the foods they enjoy, EAT TO BEAT DISEASE shows us how the foods we love actually support our wellbeing and vitality. I recommend that every health seeker should read this new classic and tell their friends and family all about it.”

—Mark Hyman, MD, director, Cleveland Clinic Center for Functional Medicine, and #1 New York Times bestselling author, Food: What the Heck Should I Eat?

“An ode to one of life’s greatest pleasures and a convincing case for a healthy appetite. This book will entertain, educate, devour, and then empower you. Dr. William Li, pioneer of angiogenesis-based therapy, teaches us that we have radically underestimated our own power to transform and restore our health. And we can do so by making choices and applying our creativity to something we do every day: eat! Dr. Li reminds us that we are not passive actors in the play of diseases attacking our health, or reliant on elitist treatment or expensive medical innovations, but that we as individuals have agency to strengthen all of our five defence systems through our diet. This is a fascinating story of the power of food, a reflection on what we mean by health, and practical tool with the 5 x 5 x 5 framework to make sure we are around to enjoy life’s pleasures for as long as possible.”

—Bono

“Finally! A book that tells us the truth about what we can eat to be healthy, based on real science, from a true expert. EAT TO BEAT DISEASE will completely change the way you think about your body and the choices you make when you grocery shop, cook for your family, or dine out. Read this book from cover to cover if you want to be on top of your game for health, beauty, and fitness, from the inside out. When it comes to food and health, I’m so happy to have Dr. Li in my camp!”

—Cindy Crawford

“As the former secretary of agriculture, one of my tasks was to promote good health and nutrition by giving the public modern, scientifically based information on the foods they eat. Dr. Li’s transformational book is one of the best narratives I have read on the scientific relationship between healthy food, nutrition, and the fight against disease. I recommend it highly.”

—Dan Glickman, former US secretary of agriculture, vice president, Aspen Institute, former chairman, Motion Picture Association of America

“The time has come for ‘health’ to be properly defined and for us to understand clearly how food impacts health. EAT TO BEAT DISEASE delivers on this vision in a big way—and with real science to back it up. Dr. Li’s highly enjoyable and informative book spreads the word that achieving great health is within reach for all of us, using the very foods that we love. EAT TO BEAT DISEASE will excite, amaze, and inspire us all to eat healthy and defeat disease. And remember—you are in control of your own destiny.”

—Louis J. Ignarro, 1998 Nobel laureate in medicine

“Among the many diet and health books of recent years, this book should top the list. Dr. William Li, an experienced internal medicine physician, also has an outstanding professional reputation in medical research. He knows science and how to present it to the public. His facts can only lead to a more fulfilling way to think about health for all of us.”

—T. Colin Campbell, PhD, Cornell University, author, The China Study and Whole

“‘We are what we eat’ goes the old cliché, but it would be more accurate to say that ‘we are what we extract from our food.’ What if food is more than energy and more than nutrition, but a form of medicine? In his groundbreaking book EAT TO BEAT DISEASE, Dr. William Li brings the discipline of clinical medical research to bear on a new analysis of the relationship between food and health. Piecing together the puzzle of the how the food we consume impacts on how the human body functions and how it protects itself from disease, Dr. Li puts forward a new paradigm to explain this relationship: ‘Food as Medicine.’ EAT TO BEAT DISEASE heralds a revolution in thinking about how the food we eat dictates our health.”

—The Edge, U2, director, the Angiogenesis Foundation




This book is dedicated to my family, my mentors, and the patients who have inspired me to pull the future of health closer to those who need help today.




Preface

When Eat to Beat Disease was first published in 2019, the world was ready for new way to approach health. Non-communicable diseases like cancer, cardiovascular disease, and diabetes had become the most challenging health problems of modern society. Pharmaceutical companies and healthcare systems were too slow, too expensive, and too ineffective in coming up with the solutions. Food was the missing element in the health toolbox. Using nutrition to activate your body’s own health defences proved to be the perfect countermeasure against the chronic diseases that develop inside us as we age.

Then, seemingly out of the blue in early 2020, the COVID-19 pandemic hit. The entire world stopped. Human civilisation became imperilled by the greatest health threat of a lifetime: a virus. This life-threatening disease came from outside the body, and the need to protect our vulnerability from external invaders became the number one concern.

In light of the pandemic, Eat to Beat Disease is more relevant now than ever. The foods I write about in this book can improve your ability to resist threats like the novel coronavirus by boosting the immune system, a goal shared by every person on the planet. With the information I share in these pages, you’ll be armed to fight the coronavirus and many other diseases. What’s more, for this paperback edition I’ve added twenty-five special, new immunity-enhancing recipes I know you’ll enjoy that were developed during the pandemic.

To help us regain our lives, vaccines and medicines will pave the way, but food is the medicine you can have now—and every day.

—William W. Li, MD

July 2020




Introduction

We are truly at a turning point in the fight against disease. Each of us has an enormous opportunity to take charge of our lives using food to transform our health. You can make decisions about what to eat and drink based on scientific evidence gleaned from testing foods with the same systems and methods that have been used to discover and develop drugs. The data generated when we study food like medicine clearly show that food can influence our health in specific and beneficial ways.

First, a bit about myself. I’m a medical doctor, an internal medicine specialist, and a research scientist. In college, I studied biochemistry (now called molecular and cellular biology), and I spent the first half of my career immersed in the world of biotechnology. For the past twenty-five years, I’ve led the Angiogenesis Foundation, a non-profit organisation that I co-founded in 1994 with a unique mission: to improve global health by focusing on a “common denominator” shared by many diseases: angiogenesis, the process our bodies use to grow new blood vessels.

As a scientist, finding common denominators of disease has long been my interest and passion. Most medical research is dedicated to exploring the individuality of disease, searching for what makes each disease distinct from every other as the path towards finding cures. My approach has been the complete opposite. By looking for common threads shared by many diseases and asking if those threads might lead to new treatments, I’ve found it is possible to achieve breakthroughs for not only one disease, but many diseases at the same time.

Early in my career, I chose to study angiogenesis. Blood vessels are essential for health because they bring oxygen and nutrients to every cell in our body. My mentor, Judah Folkman, was a brilliant surgeon-scientist at Harvard who first came up with the idea that targeting abnormal blood vessels feeding cancer could be an entirely new way to treat the disease. Angiogenesis gone awry is not just a problem in cancer, but also a common denominator in more than seventy different diseases, including the world’s other top killers: heart disease, stroke, diabetes, Alzheimer’s disease, obesity, and more. In 1993, I had an inspiration: what if controlling blood vessel development could be a singular approach to address all of these serious diseases?

Over the past twenty-five years, along with a long roster of amazing colleagues and supporters, this work is precisely what the Angiogenesis Foundation has been doing. We have coordinated research and advocated for new treatments taking this common-denominator approach. We’ve worked with more than three hundred of the brightest scientists and clinicians from North America, Europe, Asia, Australia, and Latin America; more than one hundred innovative companies in biotechnology, medical devices, and diagnostic and imaging technologies; and visionary leaders from the National Institutes of Health, the Food and Drug Administration in the United States, and major medical societies from around the world.

We have been very successful. By coordinating collective efforts, a new field of medicine called angiogenesis-based therapy has been created. Some of the innovative treatments stop blood vessels from growing in diseased tissues, such as in cancer or in blinding diseases like neovascular age-related macular degeneration and diabetic retinopathy. Other treatments that have changed medical practice spark new blood vessels to heal vital tissues, such as in diabetic and venous leg ulcers. Today, there are more than thirty-two FDA-approved drugs, medical devices, and tissue products based on angiogenesis.

These treatments, once just glimmers of ideas, have become important new standards of care in oncology, ophthalmology, and wound care, helping patients live longer and better lives. We’ve even worked with veterinarians and developed new treatments that have helped save the lives of pet dogs, dolphins, reef fish, raptors, a rhinoceros, and even a polar bear. I’m proud to have been part of these advances, and given the more than 1,500 ongoing clinical trials in angiogenesis, there are certainly more to come.

* * *

But, despite all of the success, the sobering fact is that the rates of new disease are skyrocketing. The biggest health threats for people worldwide are the non-communicable diseases, which include cancer, heart disease, stroke, diabetes, obesity, and neurodegenerative conditions. We each know someone in our lives who has suffered from or succumbed to one of these diseases. According to the World Health Organization, cardiovascular disease killed 17.7 million people in 2015; cancer, 8.8 million; and diabetes, 1.8 million.

Even with remarkable treatment breakthroughs and FDA approvals, treatment of disease alone is not a sustainable solution for non-communicable diseases, in part because of the stratospheric cost of new drugs. It can cost more than $2 billion to develop a single new biotechnology drug. The expense of using some of the latest drugs after they’ve received FDA approval is staggering, ranging in some cases from $200,000 per year to more than $900,000 per year. Since few can afford these price tags, the most advanced treatments don’t get to everyone who needs them, while the growing and ageing population keeps getting sicker.

Drug treatments alone cannot keep us healthy. The question then becomes, how can we do a better job at preventing disease, before we have to cure it? One modern answer: food. Every doctor knows that poor diet is linked to preventable disease, and food is becoming a topic of ever greater importance in the medical community. Some avant-garde medical schools have even added culinary classes to their curriculum. Food is easily accessible and dietary interventions do not rely on expensive pharmaceutical treatments.

Not many doctors know how to discuss a healthy diet with their patients. This is through no fault of the individual doctors, but rather a side effect of how little nutrition education they receive. According to David Eisenberg, a professor at the Harvard T.H. Chan School of Public Health, only one in five medical schools in the United States requires medical students to take a nutrition course. On average, medical schools offer a mere nineteen hours of coursework in nutrition, and there are few postgraduate continuing education classes on nutrition for doctors already in practice.

Compounding this problem is that the different branches of science that study food and health have traditionally worked independently, as separate fields. Food technologists study chemical and physical properties of edible substances. Life science researchers study living organisms, including humans. Epidemiologists study real-world populations. Each field contributes important perspectives and ideas, but they rarely converge to answer practical questions about which foods and beverages might be responsible for a health benefit in the human body, in what amounts, and what is within a specific food that causes the effect.

What this all means for you is that your doctor, while armed with deep skills and invaluable knowledge about medicine, may not be fluent in advising you on what to eat for your health to beat disease.

I experienced the ramifications of this first-hand in my own practice of medicine. When I was taking care of older patients at a hospital for veterans, I often wondered what had happened to their bodies. These patients, mostly men, were once specimens of perfect fitness, trained as warriors to fight for their country. By the time I saw them decades later, they were often overweight, if not downright obese, diabetic, ravaged by terrible heart and lung diseases and, often, cancer.

As their doctor, I would give them the news of a terrible diagnosis. They would ask me: How bad is it? What is the treatment? How long do I have to live? I would give them my best estimate. Then, as they were leaving my office, they would almost invariably turn and ask me: “Hey doc, what can I eat so that I can help myself?”

I didn’t have an answer to that question—because I hadn’t been educated or trained to deal with it. That struck me as wrong, and thus I began the journey to seek the answers that led me to write this book.

* * *

In order to understand the benefits of food for health, we need to first understand the definition of health. To most people, health is the absence of disease. But it is much more than that. In fact, the definition of health needs a major upgrade.

What is clear is that our health is an active state, protected by a series of remarkable defence systems in the body that are firing on all cylinders, from birth to our last day alive, keeping our cells and organs functioning smoothly. These health defence systems are hardwired in our body to protect us. Some are so powerful they can even reverse diseases such as cancer. And while they function as separate systems of defence, they also support and interact with one another. These defence systems are the common denominators of health. By recalibrating our approach to disease prevention and focusing on these common denominators, we can take a unified approach to intercepting diseases before they set in. This can be as powerful as finding common denominators to treat disease, as we did two decades ago.

Five defence systems form key pillars to your health. Each of the systems is influenced by diet. When you know what to eat to support each health defence, you know how to use your diet to maintain health and beat disease.

When I teach other doctors and students about diet and health, I use the analogy that the body is like a medieval fortress, protected not only by its stone walls, but by a host of other clever built-in defences. Indeed, in castles, some of these defences, such as the talus, the trou de loup, and murder hole, were not even apparent until the enemy tried to invade. Think of your health defence systems as the hidden defences of the body fortress. These defences heal the body from within, so it is now possible to systematically examine how to shore up your health.

The body’s five defence systems are angiogenesis, regeneration, microbiome, DNA protection, and immunity.

Angiogenesis

Sixty thousand miles of blood vessels course throughout our bodies and bring oxygen and nutrients to all of our cells and organs. Angiogenesis is the process by which these blood vessels are formed. Foods such as soy, green tea, coffee, tomatoes, red wine, beer, and even hard cheese can influence the angiogenesis defence system.

Regeneration

Powered by more than 750,000 stem cells distributed throughout our bone marrow, lungs, liver, and almost all of our organs, our body regenerates itself every day. These stem cells maintain, repair, and regenerate our bodies throughout our lives. Some foods such as dark chocolate, black tea, and beer can mobilise them and help us regenerate. Other foods, such as purple potatoes, can kill deadly stem cells that spark cancer growth.

Microbiome

Almost 40 trillion bacteria inhabit our bodies, most of which act to defend our health. Not only do these bacteria produce health supporting metabolites from the foods that we swallow and deliver to our gut, but they also control our immune system, influence angiogenesis, and even help produce hormones that influence our brain and social function. We can boost our microbiome by eating foods such as kimchi, sauerkraut, cheddar cheese, and sourdough bread.

DNA Protection

Our DNA is our genetic blueprint, but it is also designed to be a defence system. It has surprising repair mechanisms that protect us against damage caused by solar radiation, household chemicals, stress, compromised sleep, and poor diet, among other insults. Not only can certain foods prompt DNA to fix itself, but some foods turn on helpful genes and turn off harmful ones, while other foods lengthen our telomeres, which protect DNA and slow ageing.

Immunity

Our immune system defends our health in sophisticated ways that are much more complicated than we previously thought. It is influenced by our gut, and it can be manipulated to successfully attack and wipe out cancer, even in the elderly. Recent discoveries have completely changed our understanding of the immune system. Foods such as blackberries, walnuts, and pomegranate can activate the immune system, while other foods can dampen its activities and help reduce the symptoms of autoimmune diseases.

* * *

This book was written to give you the knowledge and tools to make better decisions when you choose what to eat every day. It is intended to help you live longer by eating foods that you actually like. If you are fit and in good health and want to stay that way, this book is for you. If you are starting to feel your age, and you want to prevent decline and stave off chronic diseases, this book is for you. If you’re one of the millions of people living with heart disease, diabetes, autoimmune disease, or another chronic condition, this book is for you. And if you are actively battling a feared disease like cancer, or your family history makes it very likely that you someday will, this book is for you.

I want to make it clear that this book is not presenting a “total diet.” If you are using a diet plan to lose weight, deal with gluten intolerance, manage your blood sugar, slow Alzheimer’s disease, or reverse heart disease, you need to know that my goal is not to replace these specialised diets, but rather to provide you with the scientific evidence and recommendations about foods you may want to incorporate into your plan, choices that will make the plan even better. I’ve also included some tasty recipes to help you do just that.

Everyone is afraid of disease. If your goal is to stay healthy, and especially if you are battling a disease, you want reliable information based on science and fact, and actionable steps that you can take right away to improve your situation. The advice on foods I’ve included in this book is not intended to take the place of good medical care. I am not one of those doctors who rejects Western biomedicine and suggests that food is the magic solution. Quite the opposite: my training and experience in internal medicine guides my judicious use of evidence-based medicine, including surgery and cutting-edge medications, when it comes to diagnosis and treatment.

What’s missing in the toolkit of most doctors is the ability to guide an individual, whether they are healthy or sick, on how they can use food as a way to resist disease. How many people do you know who have asked their doctor about what they should eat to help themselves and got back either a blank stare or the flip answer: “Eat whatever you want”? This book provides a very different and empowering set of answers.

Eat to Beat Disease has three parts. In part 1, I share the fascinating story behind the power of the health defence systems, how they were discovered, how they work, and how we can harness their healing powers. Even more exciting, scientists are now studying food with the same tools and methods used to study pharmaceutical therapies. In part 2, I will reveal the foods that activate the health defence systems, including some surprises. I will tell you about astonishing research into more than two hundred health-boosting foods, with some results that will make your jaw drop. In part 3, I will give you easy and practical ways to incorporate these foods into your life. I have designed a flexible tool called the 5 × 5 × 5 framework that makes it easy for you to boost your health by choosing foods you love every day.

To get the most out of this book, I recommend that you first read it once, cover to cover, to get a total picture of how to eat to beat disease. You’ll learn about health defences, foods, and why and how to eat them.

Next, return to the many tables and charts I’ve included that summarise the different foods (and beverages) and how they positively affect your health. Keep an eye out for the foods you know you like, and foods you don’t yet know but might be willing to try. You should always be eating foods you enjoy and that interest you.

When you are ready, go back to part 3, but now pull out a pen and paper. Make your personalized preferred foods list and complete the 5 × 5 × 5 Daily Worksheet in appendix A, as described in chapter 11. Then, go for it: use your worksheet to make choices about what you will eat each day to beat disease.

* * *

There is no “silver bullet” for any one disease or for overall health and longevity. No single factor in our life is going to prevent sickness. But my research shows we have something even better. There is a way to boost our own defence systems, so the body will heal itself. These revelations tell us that we have radically underestimated our power to transform and restore our own health.

If your goal is to extend the number of healthy years you have ahead, your food choices can tip the odds in your favour. By boosting your defence systems and keeping them in good shape, you’ll have a better shot at beating back disease and extending not just the length but also the quality of your life.

The decisions you make on food every day throughout your lifetime offer perfect opportunities for you to stay healthy while enjoying life. Just like taking the extra step of locking the doors before we go to bed at night or checking to be sure the hob is off before we leave the house, taking deliberate preventive measures using our diet is just plain common sense. Combined with regular exercise, good quality sleep, stress management, and strong social bonds, your diet can help you realise your full health potential.

We live in a time of enormous and exciting scientific progress, so good health should be within reach of most everyone. And yet millions suffer and die from avoidable chronic illnesses, even as more high-tech treatments are invented. Between the rising costs of healthcare and an increasingly toxic and imbalanced environment, better health is an issue of equality that affects us all. The crushing cost of medical care continues to rise, creating a precarious situation where the entire system of modern medicine is on the brink of collapse. The only way to comprehensively bring down the cost of healthcare is to decrease the number of people who are sick.

We each need to do our part, and the best way to make the world a healthier place is to start with the choices you make for yourself and the people you care about. Let go of the idea that health is the absence of disease and start eating to beat disease every day. Bonne santé, and bon appétit.




Part I



HARDWIRED FOR HEALTHOur Body’s Natural Defence Systems


Natural forces within us are the true healers of disease.

—Hippocrates



Health is not simply the absence of disease. Health is an active state. Your body has within it five health defence systems: angiogenesis, regeneration, the microbiome, DNA protection, and immunity. These systems are responsible for maintaining our health and resisting the regular hazards we all face every day as part of ordinary life—and they heal us when incursions from disease inflict damage in our body. By knowing about how these systems defend your body like a fortress, you can tap into their healing powers to live a longer, healthier life.

Each of your health defence systems has a fascinating story of research and discovery. Each is supported by a well-orchestrated symphony of players: organs, cells, proteins, and more. Each is a common denominator for preventing not one, but many diseases. And all five systems work together to keep you in great health, from the time you are in your mother’s womb until your last breath. Join me in the next five chapters to get to know these systems and the benefits they can offer.




CHAPTER 1

Angiogenesis

We all have cancer growing in our body. Every single one of us, even you.

In autopsy studies on individuals who never received a diagnosis of cancer during their lifetimes, almost 40 per cent of women between the ages of forty and fifty had microscopic tumours in their breasts, about 50 per cent of men between fifty and sixty had microscopic cancer in their prostate, and almost 100 per cent of people over the age of seventy had microscopic cancers in their thyroid gland.1 Tumours such as these develop when healthy cells make natural errors during cell division or when a cell’s DNA is mutated by environmental exposures. Up to ten thousand mistakes occur in the DNA of dividing cells in your body every day, making the formation of cancers not only common but inevitable.2 And yet, these microscopic cancers are completely harmless. Most of them never become dangerous. They start out tiny, smaller than the tip of a ballpoint pen, and as long as they cannot enlarge and invade organs, they cannot spread and kill.

Your body has a remarkable defence system that keeps microscopic cancers small by starving them of the blood supply and nutrients they would need to grow—and you can optimise this defence system through the foods you eat. More than a hundred foods can enhance your body’s ability to starve cancer and keep those tumours small and harmless, among them soy, tomatoes, black raspberries, pomegranate, and even some surprising ones, like licorice, beer, and cheese. Your defence weapons to keep these tumours at bay can be found at the supermarket, the farmers market, and in your garden.

The defence system that allows our bodies to intercept cancer this way is called angiogenesis. Angiogenesis is the process our bodies use to grow and maintain blood vessels. In ordinary circumstances, blood vessels are supporters of life, delivering oxygen and vital nutrients to all of our organs. But when abnormal blood vessels grow, they can nourish microscopic cancers. A healthy angiogenesis system regulates when and where blood vessels should grow and can prevent tumours from recruiting a private blood supply for the oxygen they need to expand. When the body loses this ability to control blood vessels, a wide range of diseases can occur, including cancer.

As long as the angiogenesis system operates properly, blood vessels grow in the right place at the right time—not too many, not too few, but just the right amount. Keeping this perfect balance in the circulatory system is at the heart of how angiogenesis defends health by keeping us in a state called homeostasis. Homeostasis is defined as maintaining stability in the body for normal function while adjusting to constantly changing conditions. Angiogenesis plays a vital role by creating and maintaining your entire circulatory system and adapting it to various situations over the course of our lives to protect our health.

Because of this powerful health defence system that naturally cuts off the blood supply to tumours, cancer doesn’t have to be a disease.3 In part 2, I will share how the latest science of angiogenesis is shaping our understanding of which foods can help your angiogenesis system maintain homeostasis and how you can eat to starve cancer, grow vessels to feed your heart, and stave off deadly diseases to live a longer, healthier life. But in order to fully appreciate how food influences angiogenesis and your health, let’s first take a look at how blood vessels go to work for you every day.

Angiogenesis at Work

Inside you, there are sixty thousand miles of blood vessels whose job it is to deliver oxygen and nutrients to keep cells alive. These are the vessels of life that nourish our healthy organs and protect us against disease. If all your blood vessels were lined up end to end, they would encircle the earth twice. Remarkably, it takes only sixty seconds from the time your heart pumps out a drop of blood for it to circulate throughout the body and back again.

The smallest blood vessels are called capillaries. They are finer than a hair, and your body has 19 billion of them. Capillaries have a unique relationship with all other cells because they are the final link in the chain of the blood vessel delivery system to your cells. Because they are at the end of the line, virtually every cell in the body is located within two hundred micrometres from a capillary.4 That’s really close proximity, just a little more than the width of a human hair. Each organ has its own unique density and pattern of capillaries, depending on what the organ does and how much blood flow it needs. Your muscles, for example, have a huge oxygen demand, so they need four times more blood supply than your bones, which act as structural support. Other high-demand organs for blood flow are your brain, heart, kidneys, and liver. All of these have a capillary density of an amazing three thousand vessels per cubic millimetre, which is thirty times that of bone.

Under the microscope, capillaries look like works of art, sculpted to fit the organ in which they are growing. The ones feeding your skin look like rows of Velcro hooks, with loop after loop of vessels providing the blood that gives warmth and colour to your body’s surface. Along your nerves, from spinal cord to fingertips, capillaries course along like telephone lines feeding neurons and keep your senses sharp. In the colon, capillaries are formed in a beautiful geometric honeycomb pattern, so they can stretch with the colon as it fills with digested matter, while providing maximum surface area to absorb fluid back into your bloodstream.

The importance of angiogenesis to support life is so fundamental that it begins in the reproductive system, even before conception. By the time a sperm meets an egg, the womb has already been prepared with the endometrium, a lining of new blood vessels ready to receive and nurture the fertilised egg. If no pregnancy occurs, this lining is sloughed off every month during menstruation. If the fertilised egg is implanted, the blood vessels act as the first supply lines for the developing foetus. About eight days after implantation, a new vascular organ, the placenta, is created to bring blood from the mother to the foetus.5 Over the next nine months, a symphony of angiogenesis takes place within the foetus, forming an entire circulatory system from scratch, and then filling up each organ in the developing body. Towards the end of pregnancy, as the body prepares for birth, the placenta releases a natural antiangiogenic factor, called soluble Flt-1, which slows down the building of blood vessels. This ability to turn on, turn down, and turn off is a hallmark of the angiogenesis health defence system, not only for building life during pregnancy, but for protecting our health for life’s duration.

Angiogenesis defence is a method to protect all animals with a circulatory system, including humans. Whenever you’ve suffered a deep cut, whether from surgery or trauma, you’ve no doubt noticed the wounded area starts to undergo changes within seconds, launching a process that continues until the wound is healed. If you’ve ever scraped your knee badly enough to bleed and later form a scab, and if that scab pulled off too early, you have seen this process unfolding before your eyes. Underneath the scab, the tissue was bright red and glistening. In that red patch, thousands of new blood vessels were growing in the wound to restore the injured tissue back to health.

When you see this process, you are witnessing angiogenesis, which is jump-started in wounded tissue as soon as bleeding begins. The trigger is hypoxia, or lowered oxygen levels, caused by the interruption of normal blood flow in the injury. Lack of oxygen is the signal for more blood vessels to grow to bring in more oxygen. Hypoxia causes wounded cells to start releasing protein signals called growth factors, whose job is to stimulate angiogenesis. Inflammation is very important at the beginning of healing. Inflammatory cells called macrophages and neutrophils crawl into a wound to clean up any bacteria and debris from the injury, and they themselves release their own angiogenic growth factors, amplifying the blood vessel generating response.

From here, several events unfold on the cellular level to grow blood vessels. Thanks to special cells lining your veins called endothelial cells, a rescue team is waiting to receive the growth factor signals that instruct the endothelial cells to deploy. Roughly a trillion endothelial cells line your circulatory system, making them one of the most abundant cell types in your body. Think of each of these endothelial cells as a car engine, connected to an ignition switch. Now, imagine the growth factors that were released from the site of the injury as car keys. The growth factors fit into specific receptors studding the surface of endothelial cells, just as car keys fit into ignition switches. When the right key goes in the right switch, the engine turns on, and the endothelial cells are ready to start migrating towards the source of the protein growth factors and start dividing and forming tubes that will turn into new blood vessels. But first, the endothelial cells need to get out of the vein. They release enzymes that digest the sleeve-like wall of the vein outside the cell, creating holes in the vein wall. From this point on, the activated endothelial cells begin sprouting out of these holes, following the gradient of growth factors being sent from the injured area, and building new blood vessels in that direction. As blood vessel sprouts elongate, they roll up lengthwise to create tubes. Tubes eventually connect at their tips to form capillary loops. As more and more capillary loops form in the healing zone, a new circulation for healing is born.

Freshly formed blood vessels are way too fragile to support blood flow on their own, so they are assisted by another type of cell, the pericyte, which helps them mature. Pericytes help out in a couple of ways. First, they wrap themselves around the endothelial tubes like a tube sock over an ankle to provide architectural stability. Simultaneously, the pericytes slow down angiogenesis, so there isn’t a super overage of blood vessels.6 The pericyte cells are shape-shifters. Once anchored to a new blood vessel, they extend tentacle-like arms to embrace the endothelial cells around them. A single pericyte can touch as many as twenty cells at a time and release a chemical signal that turns off the frenzied activity surrounding angiogenesis.7

Once the new vessels have sprouted and been stabilised, blood flow begins. The flood of new oxygen turns down the switch for growth factor signals, slowing the engines of angiogenesis until they finally grind to a halt. At the same time, natural angiogenesis inhibitors are released in the area, further suppressing new blood vessel growth. When the new blood vessels are solidly in place, the endothelial cells lining them churn out proteins, called survival factors, that help heal cells in the neighbourhood where angiogenesis took place. When properly constructed, these defensive new blood vessels can last for a lifetime, keeping the skin and other organs alive.

The angiogenesis system constantly senses where and when more vessels are needed to keep organs healthy and functioning. Like a master builder, blood vessels detect the need from your muscles after a workout: more blood flow is needed to build the muscles. On the other hand, the system is also constantly on the lookout for situations where blood vessels should be pruned back. Not too few or too many but just the right balance and mix of blood vessels is what a healthy angiogenesis system is designed to accomplish, twenty-four hours a day.

It’s like a dimmer switch. The intensity can be upped to grow more blood vessels when there’s a need. When it needs to be dimmed, your body has endogenous (naturally occurring in the body) inhibitors of angiogenesis that squelch the process. These stimulators and countermeasures are everywhere, including our muscles, blood, heart, brain, breast milk, and even semen.

Your body’s control of angiogenesis needs to be perfect to optimise your health. Over the course of a lifetime, however, many factors can derail this defence system, leading to either excessive angiogenesis, which can feed diseased tissues, or, on the other hand, insufficient angiogenesis, which can lead to tissue loss and death. You are going to learn about the foods that help shore up your angiogenesis defences to help your body resist diseases in part 2. But first, let’s return to the microscopic cancers growing in your body to see how breakdown of the defences happens and its dire consequences—so you can learn why it is so important to eat the right foods for health. The main reason microscopic cancers don’t grow is your body’s natural angiogenesis inhibitors. These countermeasures keep tumours in check by depriving them of a blood supply. As researchers at Harvard Medical School discovered as early as 1974, so long as no blood vessels grow to feed tumours, the cancer cells will remain dormant and harmless. Your immune system, which I’ll tell you about later in chapter 5, eventually spots them and destroys them. Over time, however, some tiny nests of cancer can overwhelm the defence system and overcome antiangiogenic countermeasures by releasing huge amounts of the same growth factor signals involved in wound healing. In lab experiments, once new blood vessels sprout into the small cluster of cancer cells, a tumour can grow exponentially, expanding up to sixteen thousand times in size in only two weeks after angiogenesis starts.8 When tumours hijack the angiogenesis defence system to grow their own circulation, a harmless cancer quickly becomes a potentially deadly one. Worse yet, the same blood vessels that feed cancer tumours also serve as exit channels for malignant cells to escape into the bloodstream. This is known as metastasis, and is the most dangerous aspect of cancer. Patients with cancer rarely die from their initial tumours, which can often be removed by surgery—it’s the metastases that pepper the body like buckshot that kill.

Helping the body prevent unwanted angiogenesis can have the powerful effect of suppressing cancer. The goal is to boost your angiogenesis defences, helping your body’s natural countermeasures keep blood vessels in the normal zone of balance, which means cancer cells do not have the advantage of being fed so they can’t grow. The first patient to benefit from an antiangiogenic treatment was a 12-year-old boy named Tom Briggs, who lived in Denver, Colorado. He was diagnosed with a condition called pulmonary capillary hemangiomatosis, in which tumours grew in his lungs. As the tumours expanded, his breathing became difficult and it interfered with his ability to play his favourite sports like baseball, and sometimes, even to get a good night’s sleep. As a last-ditch measure, he received a medicine called interferon alfa, which his doctors knew could stop angiogenesis. Over the course of a year, his lung tumours shrank away, and Tom returned to living life as a normal kid. Tom’s case was so remarkable that it was published as a “first human case” in the New England Journal of Medicine as a glimpse into the future of treating tumours.9

Biotech companies began developing targeted drugs to treat tumour angiogenesis starting in the 1990s. The first cancer to show the benefit of antiangiogenic therapy was colorectal cancer, where targeting tumour blood vessels improved patient survival using a treatment called Avastin. Many other types of cancer have become treatable by boosting the body’s own angiogenesis countermeasures, using Avastin and more than a dozen other designer medicines that inhibit angiogenesis. These include kidney, lung, brain, thyroid, liver, cervical, ovarian, and breast cancers, as well as multiple myeloma. In 2004, the U.S. Food and Drug commissioner Mark McClellan declared, “Angiogenesis inhibitors can now be considered as the fourth modality of cancer therapy (after surgery, chemotherapy, and radiation).”10

Excessive angiogenesis drives disease in many other conditions beyond cancer, such as vision loss. In the healthy eye, vision is possible because light can pass through crystal clear fluid to the retina and be registered by the brain, without interference from blood vessels. Angiogenesis in the eye is so tightly controlled that the endothelial cells lining the blood vessels in the retina normally divide only twice in a person’s lifetime. But in both age-related macular degeneration (AMD), the leading cause of blindness worldwide in people age sixty-five and older, and diabetes-related vision loss, angiogenesis leads to abnormal tangles of blood vessels being formed, which leak fluid and bleed. This disastrous consequence of unwanted angiogenesis destroys vision. Fortunately, these conditions can now be treated using FDA-approved biological medicines that are injected by ophthalmologists into the eye to halt the destructive angiogenesis, stop the leaking, and protect vision. Some patients can even regain lost vision. I had one patient who became legally blind from macular degeneration and could not drive or play golf, her favourite pastime. After treatment, she could safely drive again and got back to working on her backswing on the golf course.

In both rheumatoid arthritis and osteoarthritis, inflammation in the joints leads to new blood vessels that release destructive enzymes. These enzymes destroy your cartilage, which causes crippling joint pain. In psoriasis, a disfiguring skin condition, abnormal angiogenesis under the skin helps grow the patches of raised red skin plaques that are accompanied by swelling, irritating itchiness, and pain.

Alzheimer’s disease has been discovered to involve excessive and abnormal angiogenesis. In 2003, along with psychiatrist Dr Anthony Vagnucci, I proposed that abnormalities in brain blood vessels contributed to Alzheimer’s disease in a paper that was published in The Lancet.11 Today, we know that blood vessels in Alzheimer’s-affected brains are abnormal and do not actually improve blood flow but instead they release neurotoxins that kill brain cells.

Even obesity has a powerful angiogenesis connection. Although obesity is a multifactorial disease, overeating and eating the wrong foods generate high levels of angiogenesis-stimulating growth factors circulating in the blood.12 Just like tumours, a mass of fat requires new blood vessels to grow and feed fat cells.13 For all of these health concerns, and many others, exciting new angiogenesis-targeting drug treatments are showing promising results in the laboratory and in clinical trials.

Pruning away excessive blood vessels is important, but just as important is maintaining the body’s capacity to grow an adequate circulatory system to protect organs that need to increase or restore their blood supply. As we age, our circulation often naturally wanes, and this ability needs to be coaxed and boosted to feed and maintain healthy tissues and organs. When compromised, the inability to mount a defensive angiogenic response has dire consequences.

One such consequence is neuropathy. Neuropathies occur when the function of your nerves is compromised. This can lead to numbness or pain that range from mild to crippling. Your peripheral nerves are your electrical wiring running throughout your body, relaying directions from your brain to your muscles telling them to contract and relax. The nerves also send sensations from your skin and muscles back to your brain. These electrical cables have their own mini circulatory system called the vasa nervorum, which keeps blood flowing to nerves. When the vasa nervorum goes down, nerves begin to die. The symptoms can range from tingling to unbearable pain to complete numbness of the hands, legs, and feet.

People with diabetes can develop a compromised nerve blood supply, especially if their blood sugar is not well managed. Diabetes also slows down angiogenesis, which damages nerves. Researchers have been working on new ways to improve nerve blood flow using therapeutic angiogenesis. In the lab, researchers inject the muscles of diabetic animals with the gene for the angiogenic protein VEGF (vascular endothelial growth factor) and find they can increase blood flow to the nerves and restore their function close to normal levels.14 Another common cause for peripheral neuropathy is cancer chemotherapy, which not only kills cancer cells, but can be highly toxic to nerves and destroy their mini circulatory system. In the lab, gene therapy using VEGF completely protects the nerves and their blood supply against loss of function.15

When your angiogenesis defences are crippled, many other diseases can intrude on your life. Chronic wounds are another example. While normal wounds heal in under a week’s time, chronic wounds are slow to heal or don’t heal at all. These open sores become infected, gangrenous, and often lead to the need to amputate an effected limb. This affects more than 8 million people in the United States alone, specifically striking people with diabetes, atherosclerosis, or malfunctioning valves in their leg veins, or those who are confined to bed or use a wheelchair. It’s a silent and deadly epidemic with a mortality rate greater than breast and colon cancer.16 If you have a chronic wound, one of the primary goals of your doctor should be to jumpstart angiogenesis to improve blood flow and speed up healing. This can be done with a variety of medical devices and other techniques, including diet. We’ll talk about angiogenesis stimulating foods in chapter 6.

Your heart and brain also rely on the angiogenesis defence system to respond whenever there is any threat to their own circulation. Restoring blood flow quickly to these organs is literally a matter of life and death. When there are blockages to their blood vessels, which happens with atherosclerosis, your defence system will kick into gear and grow new blood vessels to help form a natural bypass around the blocked channels. Natural bypasses, called collateral vessels, form when the blockages occur slowly with gradual narrowing of the coronary vessels or carotid arteries. People can live for years or decades with their coronary heart disease or carotid disease if their angiogenesis defence system does its job. Even in the case of sudden blockages, such as happens with a heart attack or an ischemic stroke, if the patient survives, the angiogenesis defence will kick in to form natural bypasses.

This defence happens slowly if a patient has a condition that stymies angiogenesis, such as diabetes or hypercholesterolemia, or is a smoker or is elderly. Clinical trials for therapies that stimulate angiogenesis in the heart or brain have shown it is possible to deliver new therapies to speed this process, but these are still in experimental stages and years away from being used to treat patients. In part 2, I’m going to tell you about foods that you can consume at home to aid cardiovascular angiogenesis and healing.

Foods and Angiogenesis

Clearly, a fully functioning angiogenesis defence system protects us against many diseases. Your health depends on a normal balance of the circulatory system, without excessive or insufficient blood vessels in your organs. When this balance is upset, your body needs help. Researchers at biopharmaceutical and medical device companies are racing to develop new life-, limb-, and vision-saving treatments, but creating a new therapy can take a decade or more, cost more than $1 billion, and even if successful may not be accessible to everyone who needs it due to the cost and availability. Even more, these drugs and devices are intended for disease treatment, not prevention.

Your diet can be used for disease prevention as well as to help aid treatment. Research being conducted from all corners of the world is revealing that specific foods and beverages, including many that we recognise and enjoy, can boost your angiogenesis defences on both sides of the equation. Even the way you prepare and combine food ingredients can influence angiogenesis. This brings an entirely new perspective to how to think about which foods you eat and how to eat them. And it opens new doors if you want to increase your odds for preventing diseases influenced by angiogenesis. If you are currently battling an angiogenesis-dependent condition, choosing the right foods may help you control or even beat that disease.

There’s mounting evidence for the power of this approach. People in Asia who consume lots of soy, vegetables, and tea in their diet have a significantly lower risk for developing breast and other cancers. In Japan, there are more than sixty-nine thousand people who are older than one hundred years of age.17 China also has a rising population of centenarians. My great-uncle, who lived to a healthy 104, resided in the town of Changshu, outside Shanghai, at the base of the Yushan mountain, where green tea is grown. The vibrant centenarians of Ikaria, Greece, and in central Sardinia eat the Mediterranean diet, which is full of angiogenesis-defence-boosting ingredients and not strictly vegan. Understanding that angiogenesis is one of your key health defence systems is key to unlocking new secrets for long-lasting health inside your body and outside of the healthcare system.

CONDITIONS WHERE ANGIOGENESIS DEFENCES ARE BREACHED




	Excessive Angiogenesis
	Insufficient Angiogenesis



	Age-related macular degeneration
	Alopecia



	Alzheimer’s disease
	Diabetic foot ulcers



	Brain cancer
	Erectile dysfunction



	Breast cancer
	Ischemic heart disease



	Cervical cancer
	Heart failure



	Colorectal cancer
	Neuropathy



	Diabetes-related vision loss
	Peripheral arterial disease



	Endometriosis
	Peripheral neuropathy



	Kidney cancer
	Pressure ulcers



	Leukaemia
	Venous leg ulcers



	Liver cancer
	



	Lung cancer
	



	Lymphoma
	



	Multiple myeloma
	



	Obesity
	



	Ovarian cancer
	



	Prostate cancer
	



	Psoriasis
	



	Rheumatoid arthritis
	



	Thyroid cancer
	








CHAPTER 2

Regeneration

If angiogenesis grows new blood vessels to feed your organs as health defence, what grows and maintains the organs? The answer: stem cells. Stem cells are so vital to your health that if they suddenly stopped working, you’d be dead in a week. From the time you were conceived, stem cells have played a key role in generating and maintaining your body and health. We are literally made from stem cells. Around five days after your father’s sperm met your mother’s egg, you started life as a small ball of roughly fifty to one hundred embryonic stem cells (ESC) in the womb. The remarkable thing about these stem cells is they are pluripotent, meaning they can form any cell or tissue in the body, from muscle to nerve to skin to brain to eyeball. As you “the embryo” matured over twelve weeks into you “the foetus,” all your basic organs were created from stem cells that morphed into more specialised cells to perform the functions of each organ. Soon, your specialised organ cells began to outnumber the unspecialised stem cells as your body was built.

Stem cells in the foetus not only build the organism but also provide health defence—even for the mother. Scientists at the Mount Sinai School of Medicine in New York performed a landmark lab experiment in which they studied heart attacks in pregnant mice. The heart attacks were serious enough to damage 50 per cent of the heart’s main pumping chamber. In a human, this degree of damage would be enough to cause heart failure, if not swift death.1 In the surviving mice, as the weeks passed after the heart attack, the research discovered that stem cells from the foetus had migrated from the womb into the mother’s bloodstream. From there, remarkably, the foetal stem cells homed in on the damaged area of their mother’s heart and began regenerating and repairing it. By a month after the heart attack, 50 per cent of the migrating foetal stem cells in the mother’s heart had become her adult heart cells, capable of spontaneous beating. This study was one of the first to show that stem cells from the foetus can help defend the health of the mother.

By the time of birth, most cells in the developing human have transformed into their final organ form, leaving only a tiny fraction of stem cells remaining. After childbirth, some stem cells are left stranded in the umbilical cord and in the placenta. The ones in the umbilical cord can be collected as cord blood, which can be sent to a stem cell bank, where the cells are frozen and reserved for future medical use. These may be someday useful for your child or even to you and your family members to help regenerate or heal damaged organs in the future. It’s a one-time deal, and I definitely recommend collecting and banking cord blood.

Despite their low numbers, stem cells continue to play a critical role in adult life. They quietly regenerate most of our organs “behind the scenes” as we age. The process happens at its own pace, different for each organ2:


	■ Your small intestine regenerates every two to four days.

	■ Your lungs and stomach, every eight days.

	■ Your skin, every two weeks.

	■ Your red blood cells, every four months.

	■ Your fat cells, every eight years.

	■ Your skeleton, every ten years.



The pace of regeneration also changes with age. When you are twenty-five years old, about 1 per cent of cells in your heart are renewed annually, but things slow down as you age. By the time you are seventy-five, only 0.45 per cent of heart cells are renewed each year.3

Your immune cells are regenerated every seven days, so if your stem cells disappeared, you’d likely die of an infection soon after. If you somehow survived infection, then you’d die of haemorrhage, because blood elements called platelets, responsible for clotting, are replaced every ten days. If you made it past that, your skin would slough off in six weeks. Then your lungs would collapse, and you would suffocate. Our stem cells defend our health, and are one of our lifelines.

The Healing Power of Stem Cells

What we know about our body’s stem cells goes back to the atomic bomb. The nuclear annihilation of Hiroshima and Nagasaki killed an estimated two hundred thousand people in 1945, ending the Second World War. Doctors observed that some people who survived the initial blast later succumbed in a second wave of death because radiation exposure destroyed their body’s ability to renew its own cells in the bone marrow. As governments made preparations for future nuclear wars, scientists went on the hunt for stem cells that could be used to treat and protect survivors from deadly radiation fallout. Two Canadian researchers, James Till and Ernest McCullough, showed in 1961 that stem cells were present in the bone marrow and spleen, and they could regenerate blood cells. Till and McCullough discovered that, if injected in time, these stem cells could rescue lab animals exposed to lethal amounts of radiation.4

Till and McCullough’s work led to the development of bone marrow transplantation, a lifesaving procedure now performed around the world to rescue cancer patients who are being treated with the harshest chemotherapies and highest doses of radiation. Although the chemo and radiation do kill cancer cells, they also demolish the healthy stem cells in the bone marrow. Without stem cells, the cancer patient’s immune system crashes, and they can die of overwhelming infection. By transplanting stem cells taken from the bone marrow of a donor into the cancer patient, however, doctors can rescue patients from this certain death. The donor stem cells circulate into the patient’s bone marrow and engraft themselves. They then reconstitute the immune system. This bone marrow transplantation technique using donor stem cells was deemed a medical breakthrough. Its pioneer, E. Donnall Thomas, won the 1990 Nobel Prize in Medicine or Physiology, along with kidney transplant pioneer Joseph Murray. But even without being damaged by chemotherapy or radiation exposure, your body needs its stem cells because they continuously rebuild your body from the inside out.

Among the 37.2 trillion cells in your body, stem cells make up a tiny but powerful subset, only 0.002 per cent, which are capable of regenerating your health.5 Stem cells repair, replace, and regenerate dead and worn out cells on demand. Like special forces soldiers in your body, they gather intelligence, conduct reconnaissance, and execute missions to keep organs in optimal shape. Whenever you suffer an injury or develop a disease, your stem cells swing into action: to create new tissues that heal or help your body overcome the condition. This is your regenerative health defence system. And just like the angiogenesis system, the latest research is showing that your stem cells are powerfully influenced by diet.

Whether you are an athlete building your muscles, or a pregnant mother building a foetus, or someone who is fighting the ravages of ageing, the right foods can help boost the number and performance of your stem cells and their ability to regenerate your body. You can eat to protect your heart, keep your mind sharp (brain regeneration), heal your wounds, and keep your body in a youthful shape. I’m going to tell you about the foods that can help your stem cell health defences in part 2, but first I’m going to give you a primer on regeneration, so you can see why eating the right foods might save your life.

Stem Cells and Injury

The regeneration defence system is hardwired to be at the ready at any time to respond to injury or trauma. Adult stem cells remain unspecialised, lying in wait until they are needed and called into action. They can renew and replicate by cell division and still maintain their pluripotency. When they’re in mission mode, they sense their environment and use the cues around them as the instructions for turning into the exact type of cell that needs to be regenerated. If they find themselves in a lung, they become lung. If they find themselves in the liver, they become liver.

The story of how stem cells accomplish these protective functions begins with where they live in their inactive, undifferentiated, and renewable state. They reside in special hideouts called niches. Niches are found in skin, along the walls of intestines, at the base of hair follicles, in testes and ovaries, in fat, in the heart and brain, and especially in bone marrow, the spongy material inside the hollow of our bones.

The bone marrow is a storage unit for at least three different types of stem cells. The hematopoietic stem cells (HSC) turn into blood-forming cells. Mesenchymal stromal cell (MSC) precursors form muscle, fat, cartilage, bone, and other non-blood elements. Endothelial progenitor cells (EPC) contribute to building new blood vessels in regenerating organs. Collectively, they are labelled bone marrow-derived mononuclear cells (BM-MNC) because they all reside in the bone marrow.

When stem cells are called into action by a body part that needs to be regenerated, a series of events takes place to bring the stem cell from their niches into your circulatory system. The stem cells in bone marrow are alerted by growth factor signals released by the organ in distress. One particular growth factor, vascular endothelial growth factor (VEGF), is a powerful stem cell activator. This distress signal reaches the bone marrow through blood vessels that penetrate bone. Once inside, these signals travel along a system of capillaries called sinusoidal channels within the marrow that floats the signal to stem cells attached to the channel walls. These stem cells interpret the signal as a chemical alert and respond accordingly. What starts as a distress call ends with swarms of stem cells flying like bees out of a hive from the bone marrow into the body’s circulatory system.6 This important step in regenerating an injured part of your body is called stem cell mobilization.

What happens next is a powerful illustration of the cleverness of how stem cells are designed to act. Stem cells get to the front lines of injury quickly whenever there is an emergency. Carried in the swift current of the bloodstream and propelled by the heart’s pumping action, stem cells use a biological homing device to locate the exact place in the organ that sent the distress call. Like a guided missile zeroing in on its target, the stem cell finds its landing spot. Proteins on the stem cell called receptors attach to proteins in the landing zone. They hook together like cellular Velcro, ensuring that stem cells attach only to the site of injury.7 All this happens very quickly after the distress signal is sent. Research has shown, for example, that forty-eight hours after a surgeon has made an incision, there is a fourteenfold increase in the number of endothelial progenitor cells in the circulatory system compared to before surgery, because of the need for healing.8

Once they’ve attached to the landing zone, stem cells take stock of the organ environment in which they’ve landed, and they execute their mission based on instructions given by their environment. If they are in skin, they become skin cells and respond in the ways that meet the needs of skin. If in the heart, they become heart muscle cells (cardiomyocytes) and respond to the heart’s needs. The stem cells do their job as part of a larger set of players after an injury. An entire disaster response team, including inflammatory and other immune cells, blood vessel cells, and blood clotting cells, all show up with their own specific tasks to perform.

What stem cells do exactly once they are embedded in the injured tissue is still somewhat of a mystery. We know they differentiate into and regenerate the local tissue. But, stem cells don’t stick around for long. They last for only a few days, at most. Scientists are working to document what actually happens to them. A couple of theories: the stem cells morph their appearance and disappear into the background becoming indistinguishable from the normal tissue they are repairing. Or, it is possible they play a vital but short-lived role, then die after their
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SOME CONDITIONS IN WHICH REGENERATION IS NEEDED



	Acute brain injury
	Heart failure



	Age-related macular degeneration
	Hypercholesterolemia



	Alopecia
	Kidney failure



	Alzheimer’s disease
	Liver disease



	Atherosclerosis
	Multiple sclerosis



	Autism
	Myasthenia gravis



	Blindness
	Myocardial infarction



	Cancer (all)
	Osteoarthritis



	Cerebral atrophy
	Osteoporosis



	Cerebral palsy
	Parkinson’s disease



	Chronic wounds
	Peripheral arterial disease



	Deep tissue injury
	Scleroderma



	Dementia
	Spinal cord injury



	Depression
	Stroke



	Diabetes
	Vascular dementia



	Erectile dysfunction
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