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To the past, present, and future visionaries who fearlessly explore the frontier of longevity.




“Hello, I am Alice, and I am always in a state of ‘wander.’ ”

Alice in Futureland is a book series that asks you to wander into possible, probable, plausible, provocative futures.

Consider this book a guide.

Inside, you will discover extraordinary ideas: a cross-pollination of art, science, and culture. Alice’s aim is to give the future a platform for expression, so everyone can make sense of it—and help create it.

When speculating about the future, it’s easy to get lost in the volume of information. That’s where this book comes in. Alice is designed to break the static flow with a dynamic reading experience, where experimentation and exploration meet.

The ultimate purpose of the Alice series is to foster curiosity.

To enliven our present.

To be accessible to everyone.

To allow for exploration.

And to incite optimism.

So, wheeeeeeeeeee, down the rabbit hole we go!
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INTRODUCTION

Is It Simply a Design Flaw That We Age and Die?

Most books or articles on longevity would start at the beginning, offering a historical perspective on humanity’s quest for the fountain of youth. But we actually think today is the true beginning.

It is 2020, and we are about to press “play” on several therapies and solutions that will slow and potentially reverse aging. When we look back one hundred or two hundred years from now, we believe history will show that this was the inflection point in cracking the code of radical human longevity.

We are entering the Fourth Biological Revolution, which will dramatically alter the “fourth stage” of life: eighty and beyond. Scientists used to call this the “red zone,” where entropy kicks in and we spiral toward death; but now they’re looking at the probability of an extended “health span,” the part of life when a person is alive and healthy. This revolution is focused on achieving (near) immortality as biology becomes our ultimate technology in defeating death.

Scientists are playing with a new toolbox of biochemical processes, transcribing and manipulating our unique genetic codes to turn back the years. And we can now determine our “GrimAge,” the closest known estimate of our true age (and likely expiration date).

There are dozens of “immortalists” who are researching or investing in the race to end death—or, at the very least, end aging. The cofounders of Google created their own longevity lab called Calico. PayPal cofounder Peter Thiel and Amazon founder Jeff Bezos have a vested interest in Unity Biotechnology, one of a few biotech labs looking at the cellular cause of aging. One of the world’s leading geneticists, George Church, cofounded the start-up Rejuvenate Bio, which aims to eventually help humans live to 130 years of age—in the body of a twenty-two-year-old.

Biohackers are engineering longevity cocktails based on key compounds like nicotinamide mononucleotide (NMN), a vitamin B3 metabolite that promotes healthy function of longevity genes, neurobiotics that stimulate brain function, and supplements. Technologists and transhumanists are tapping artificial intelligence and biological implants to prepare for digital immortality.

In the past thirty years, there have been many great breakthroughs in science, technology, and medicine. We have moved away from the mechanistic approach to genetics to understand that the genome is much more fluid in nature, capable of being greatly influenced by things like nutrition, environment, and emotional state. This has sparked a greater sense of personal responsibility for our health. And our cultural interest in longevity is working alongside science as we learn our biomarkers and attend to our emotional wellness, embracing a more holistic model of aging.

Let’s pause a moment on the word “immortality.” Some skeptics believe nothing is immortal. Science tells us that some plant and animal species reach “biological immortality,” holding on to their youthful characteristics until the unfortunate time of decay. Digital eternalists believe we can upload our minds for future generations to download and chat with us. Others believe our consciousness is immortal and are bent on coding the entire neural network of the human brain into some form of immortal cosmic “dust” to rocket into outer space, where it will roam our galaxy for eternity. Whatever your take, we at Alice in Futureland like to think of immortality not as a fixed goal but rather an organic process we are striving to perfect.

Hacking Immortality ventures through the looking glass of our pursuit to live forever—or at least, as Ray Kurzweil says, “to live long enough to live forever.” Think of this as a visit with genius—the mavericks, optimists, pragmatists and visionaries—who are stretching the biological boundaries of mortality in a quest to enable greater health, longer life, and prosperity.

There is no better time for failure than now. Some of these ideas are experiments, some are even moon shots, but all, in the end, will move us closer to a longer, healthier, more energetic life. Yes, there will be ethical, social, geopolitical, financial, and environmental challenges to such a radical change. But while we humans create problems, we also solve them.

Arthur C. Clarke’s Three Laws of Forecasting:1


	When a distinguished but elderly scientist states that something is possible, he is almost certainly right. When he states that something is impossible, he is very probably wrong.

	The only way of discovering the limits of the possible is to venture a little way past them into the impossible.

	Any sufficiently advanced technology is indistinguishable from magic.



This book, like science, doesn’t have the one answer or solution, but it maps the possibilities available today, and in the very near future, so that we can begin to shape our own destiny. Perhaps in one hundred or two hundred years from now, culture will look back and reflect on this moment of discovery, trials, successes, and failures, and realize this was the new dawn of humanity. Hopeful? Yes. Because the future always comes; we can’t stop it. But few people participate in the dialogue. My advice to you: Participate. The optimist in us believes we are in for an exciting ride.
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01 There’s a New Disease Called “Aging”; Do You Have It?


Flipping the Evolutionary Script from Life Span to Health Span




In 2013, Time ran a provocative cover with the headline “Can Google Solve Death?” Fast-forward a decade, and the longevity movement is reflected everywhere: in the movies we make, the buildings we design, and of course, our own biology.

In this chapter we will introduce some of the pioneers, dreamers, and innovators who are reshaping the narrative of aging. But in order to leap to the future, we must start at the beginning. Why? Because you were once a single cell. And that one cell contained all the biological intelligence you’d ever need.

Aging today is already treatable with a combination of several drugs that treat age-related diseases. A 2019 article in AARP magazine titled “Can a Single Pill Keep You Healthy to 100? (We May Soon Find Out)” explored RTB101, an investigational drug developed by the biopharmaceutical company resTORbio, which has been in clinical trials for the past fifteen years. The drug halts aging at a cellular level. Clinically available drugs like rapamycin and metformin, and supplements like Basis (produced by Elysium Health), are showing us that we can stop or radically slow the clock. We’ve reached the tipping point in aging science.


In 2013 a Time cover asked “Can Google Solve Death?” when Google first incubated the California Life Company, aka Calico. Now under the wing of Google’s Alphabet and headed by the former chief scientist of Genentech, the company is focused on unraveling the genetics of aging and developing therapeutic solutions.

—calicolabs.com
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Can you imagine living in a world where aging is optional?


The World Health Organization, in their international disease codebook, declared aging a treatable condition. So now doctors and countries can report back to the World Health Organization how many people in their country are suffering from this condition known as “old age.”

—David A. Sinclair, genetics professor at Harvard Medical School, author of Lifespan: Why We Age—and Why We Don’t Have To



It turns out that both “disease” and “aging” have arbitrary definitions. Aging is a complex process characterized by an accumulation of damage, loss of function, and increased vulnerability. Thus, one way to “treat” it is by delaying the classic age-related diseases, including cancer, heart disease, Alzheimer’s, and neurodegeneration.

The World Health Organization defines “health” as “a state of complete physical, mental and social well-being, not merely the absence of infirmity or disease.” In the research paper “It’s Time to Classify Biological Aging as a Disease,” Sven Bulterijs of Ghent University and his colleagues also note that disease is a complex phenomenon and argue that an accurate definition must consider both biological and social explanations. A new generation of researchers in gerontology seems to agree; some suggest aging needs its own code in the International Statistical Classification of Diseases and Related Health Problems (ICD). By officially recognizing aging as a disease, we may finally get the funding for new drugs to fight the causes of our decline.

David A. Sinclair is one of the most prolific researchers in the area. He believes that aging is the root cause for most of the diseases we suffer from. Along with fifteen colleagues from Harvard, MIT, and other institutions around the US and Europe, he launched the nonprofit Academy for Health and Lifespan Research “to promote future work, ease collaborations between scientists, and ensure that governments and corporations are making decisions based on the latest facts instead of rumor, speculation, or hype.”2 One of the more powerful governing organizations they lobby is the Food and Drug Administration, which currently has not specifically acknowledged aging as a disease.

The World Is Rapidly Aging


IN 2015 THE NUMBER OF people aged sixty-five and above stood at an estimated 617 million—8.5 percent of the global population—and this number is set to grow to 1 billion by 2030 for the first time ever, representing 12 percent of the global population. Ten billion people will be living on earth by 2050, and two billion of them will be over the age of sixty; that’s 20 percent of the global population.

—“How Can We Make Healthcare Fit for the Future?” World Economic Forum, January 2016

ACCORDING TO THE CENTERS FOR Disease Control and Prevention 2013 report The State of Aging and Health in America, two factors—longer life spans and aging baby boomers—will combine to double the population of Americans aged sixty-five years or older during the next twenty years to about 72 million. By 2030, older adults will account for roughly 20 percent of the US population. During the past century a major shift occurred in the leading causes of death for all age groups, including older adults, from infectious diseases and acute illnesses to chronic diseases and degenerative illnesses.

—Elysium Health1

TODAY, 96 PERCENT OF INFANTS born in developed nations will live to age fifty and older, more than 84 percent will survive to age sixty-five or older, and 75 percent of all deaths will occur between the ages of sixty-five and ninety-five years old. Clinicians, scientists, and public health professionals should proudly declare victory in their efforts to extend the human life span to its very limits, according to University of Illinois at Chicago epidemiologist S. Jay Olshansky. He argues that the focus should shift to compressing the “red zone”—the time at the end of life characterized by frailty and disease, and extending the “health span”—the length of time when a person is alive and healthy.
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The emphasis is no longer on extending life. Most [of us] are trying to understand how to live a healthier life.

    —Ilaria Bellantuono, codirector of the Healthy Lifespan Institute, University of Sheffield, UK, quoted in Anthony King, “Can We Live Forever?” Chemistry World, January 2019

    
Some of us today are already treating aging as a “pre-disease” with the promise of rejuvenating creams, supplements, and therapies. But the science coming online will give you more than hope in a bottle.



Mikhail V. Blagosklonny, researcher in cell stress biology at Roswell Park Comprehensive Cancer Center in Buffalo, New York, argues that “aging is not programmed,” and several leading scientists believe that we can make our aging programmable. They’re encouraging us to think not in terms of life span but health span: the period of your life when you are healthy, and free of disease.

But we first have to deal with the biology of evolution. According to biologist Michael R. Rose, aging is evolution giving up on us. At around the age of fifty-five, the force of natural selection declines—and so does aging. Who knew, right?


55theses.org is a blog dedicated to Michael R. Rose’s “55 Theses on the Power and Efficacy of Natural Selection for Sustaining Health.” At the heart of the challenge of the fifty-five theses is this idea that most of our health is not dependent on the health institutions but on evolved biology. If we fit our lives closely to our evolutionary design, then we will age well.

—55theses.org




The force of natural selection starts off when you’re young, and it’s very powerful. As you get older, through adulthood, it steadily falls, until in human populations, like in human males, by the age of fifty or fifty-five, it’s zero. And here’s the cool thing: it stays at zero forever after. It doesn’t get any worse than that.

—Dr. Michael R. Rose, professor of ecology and evolutionary biology, University of California, Irvine, Sputnik Futures interview, 2011



Dr. Rose and his colleague Laurence D. Mueller simulated the consequences of aging for the evolution of populations like human populations, and their work showed that the foundation of aging isn’t a physiological process; it is natural selection giving up on you. It’s the actual dropping of the force of natural selection that generates the aging. The falling of the force of natural selection comes to an end, and it doesn’t continue dropping. Rose and Mueller’s theory suggests that when natural selection stops dropping, after a time lag that depends on some genetic details, aging stops. Rose has been working on this theory since the late seventies, proposing that if you change the timing of the force of natural selection—that is, change when reproduction starts—then you can make aging evolve. At later ages, adaptation responds more slowly, when natural selection is weaker. Rose’s recent research proposes that as we evolve in age, so should our diets. He suggests that today we have evolved to adopt an agricultural diet, based on our current food systems and farming, which works in our earlier life as we are growing. But around age fifty-five or later, we should revert back to a paleo-ancestral-type diet, which through simulations with generations of flies has shown to have a greater health benefit in slowing aging.3
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The Lesson of Evolution Is That There’s Constantly Room for Improvement


A huge fraction of what we’re going to die from in industrialized nations are diseases that don’t kill twenty-year-olds. But probably 90 percent of us will die of such age-related diseases. And if you get some gene therapies that get multiple ones at once, then you’re probably on the right track for something that’s dealing with the fundamentals of aging rather than just alleviating symptoms… Or possibly, in some cases, reversing some of the disease state as well.

—George Church, in conversation with Ramez Naam in “How to Turn Science Fiction into Science Fact,” Neo.Life, June 2018



Want to Be Sixty-Five in the Body of a Forty-Year-Old? You May Be Able to Make It Happen

So far, the medical community’s focus has been on the DNA that guides cell replacement. A pivotal year was 2008, when two strong studies broke new ground. A study in Nature Genetics found that only a few genes determine whether a plant lives a single life cycle, has an annual life cycle, or endures as a perennial—and that these genes can be manipulated. A study in the Proceedings of the National Academy of Sciences of the United States of America detected a strong correlation between unusual human longevity and a genotype called FOXO3a, known as the “longevity gene.” These studies, and more, offer hope that there will soon be drugs that can modulate aging, with a few US-based start-ups moving into clinical trials.

Some of these new drugs draw on one of the oldest tools in the book: caloric restriction, or CR. In recent years, scientists have discovered that we have nutrient sensors in our cells that determine food availability, and these sensors regulate large gene programs that, in turn, regulate how fast we age. Studies have shown CR to be effective in extending life span and deflecting age-related chronic diseases in a variety of species, including mice, fish, flies, worms, and yeast. Rodent studies conducted over the past twenty years have demonstrated up to a 40 percent increase in maximum life span through lifelong CR. The mechanisms through which this occurs are still not validated in humans, for many reasons—like, who wants to starve for twenty years?—but CR has reduced metabolic rate and oxidative stress, improved insulin sensitivity, and altered neuroendocrine and sympathetic nervous system function in animals. Most important, these studies demonstrate how it changes genes.

(Full disclosure here: Alice in Futureland are animal lovers and don’t support extraneous animal testing of any kind. But our mammalian, insect, bacteria and plant counterparts are invaluable in helping scientists understand how we can co-opt the effects of therapies like caloric restriction. More on that in chapter 03.)


BEFORE WE EXPLORE THE NEW drugs that draw on the pathways for antiaging through caloric restriction, such as mTOR and sirtuins, there are some ways that a strict diet alone can influence the genes that affect the aging process. Valter Longo, director of the Longevity Institute at the University of Southern California’s Leonard Davis School of Gerontology and one of Time’s 50 Most Influential People in Health Care of 2018, has developed ProLon, a five-day “fasting-mimicking diet.” ProLon’s vegetarian and natural ingredients are designed to stave off hunger while tricking the body into fasting mode. It has been trialed in more than five hundred patients with metabolic syndrome; used by one hundred thousand patients in Australia, the UK, the US, and Italy; and prescribed by more than fifteen thousand doctors.

HOW IT WORKS: ProLon’s five-day fasting diet helps to remove amino acids and sugars that cause master regulator genes to switch on stress resistance. “Everything is turned on to minimize damage. Meanwhile, lots of things get broken down. This includes mitochondria, proteins, and organelles in the cell,” says Longo.4 In this breakdown, the cell recognizes it can’t sustain itself, so it starts to downsize and rebuild. Caloric restriction triggers this biological process of autophagy, which is the destruction of damaged or redundant cellular components. In other words, our cellular junk gets cleared away. According to Longo, they have shown that cycles of starving and feeding can regenerate the pancreas.
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You, a Fruit Fly, and a Gene Called “Indy”

Not all the credit for understanding the effects of caloric restriction goes to skinny mice. There’s a gene found in fruit flies that, when altered, can extend—in fact, double—the flies’ life span.

[image: Image]

Researchers dubbed the gene Indy (for “I’m not dead yet,” a well-known comic line from Monty Python and the Holy Grail). The protein encoded by this gene transports and recycles metabolic by-products. But occasionally defects in the gene lead to production of a protein that renders metabolism less efficient, so that the fruit fly’s body thinks and functions as if it were fasting, even though its eating habits are unchanged. This defect appears to create a metabolic state that mimics caloric restriction.5

The study of caloric restriction has produced several breakthrough compounds and clinical drugs. The first are little white pills, called Basis, sold by Elysium Health as supplements for your cells. Much like a multivitamin, Basis offers you a daily dose of “cellular health & optimization.” It’s basically a cocktail of powerful compounds that activate the mechanisms to slow down aging in individual cells, working on cellular proteins called sirtuins.


SOME OF THE EARLIEST RESEARCH into sirtuins and the ability to slow aging was led by Dr. Leonard Guarente and his lab at MIT, who found that these proteins are most active in cells during times of stress or limited food. Guarente’s lab discovered ways to activate the sirtuins without having to practice daily fasting. And with this knowledge, a supplement was born. In 2014, Guarente cofounded Elysium Health to sell Basis direct to the public, bypassing FDA approval, which could take years.

THE BASIS PILL CONTAINS PTEROSTILBENE, a polyphenol similar to red wine’s resveratrol, and nicotinamide riboside, a precursor for the coenzyme nicotinamide dinucleotides (NAD+) that helps increase available nicotinamide adenine dinucleotides (NADs) in the blood. NADs play an important role in signaling and regulatory pathways. Together, these compounds are shown to kick-start cellular sirtuin production. The company’s science is backed by an impressive advisory board, including eight Nobel laureates. The Mayo Clinic and Harvard each have a financial interest in Elysium Health.

ANOTHER RESEARCHER CREDITED WITH DISCOVERING the role of sirtuins and the molecule NAD+ in disease and aging is David Sinclair, who also appears on the patent application that Elysium Health licenses for Basis. Sinclair recently shared on LinkedIn what he takes daily to treat aging: 750 milligrams of NMN every morning, along with a gram of resveratrol and 500 milligrams of metformin. So far, so good!





How a Drug for Diabetes May Become the First Antiaging Drug


My resting heart rate is fifty-seven—I checked it again this morning. That, I’m told, is the heart rate of an athlete, and I’m no athlete. My lungs operate at levels doctors expect to see among adults in their twenties—quite a shock since I’ve inherited the genetic lung defect that contributed to my mother’s death. My LDL cholesterol and blood pressure are both considered very healthy for a young adult. When I exercise with weights, I recover quickly—just like I did when I was in my twenties. When I run I get bored long before I get tired.

—David A. Sinclair, “This Is Not an Advice Article,” published on LinkedIn Pulse, June 25, 2018



Metformin is turning out to be a winner in the race against aging. A drug currently dispensed to treat diabetes, it’s also being tested for its life-extending (and disease-preventing) capabilities.

A UK Prospective Diabetes Study (UKPDS) compared metformin, which has been on the market in the UK since 1958, with other anti-diabetes drugs and found a decreased risk of cardiovascular disease, one of the leading age-related diseases. While it has been widely used in the UK and Canada (since 1972), the US Food and Drug Administration didn’t approve metformin until 1994. Studies since then have shown that diabetics on the medication have a 17 percent lower mortality rate than people without diabetes, even though they are technically sicker. There is a randomized controlled trial underway called Targeting Aging with Metformin, or TAME, which is the first FDA-sponsored study of whether a specific drug can slow aging. The trial is being led by Nir Barzilai, director of the Institute for Aging Research at the Albert Einstein College of Medicine, and if the study succeeds in showing that metformin does regulate aging and its diseases (beyond diabetes), it would pave the way for development of next-generation drugs that directly target the biology of aging.6

Let’s break down his recipe:


Nicotinamide mononucleotide (NMNs) are a biosynthetic precursors of nicotinamide adenine dinucleotide (NADs), known to promote cellular NAD+ production and counteract age-associated pathologies.

Resveratrol, a polyphenol that acts like antioxidants to protect the body against damage, has been popular for years. It’s found in things like grapes and red wine, although you would need to consume massive amounts of a good cabernet sauvignon to get any benefits.

The new kid on the block, metformin, is a widely taken oral therapy for type 2 diabetes that is on the World Health Organization’s list of essential medicines.
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Survival of the Fittest in a Pill

Another disease-treating drug currently in clinical trials has much more exotic origins. Called rapamycin, it’s an antifungal compound made by bacteria found living in the soil on the remote Easter Island. (Rapa Nui is the native name for the island.) The bacteria secreted rapamycin into the soil in order to stop the growth of competitive fungi and to absorb as many nutrients as possible themselves. Rapamycin utilizes these survival instincts with immunosuppressive effects and is used to prevent organ rejection in transplant patients. Its key mechanism is the mTOR—short for “mammalian target of rapamycin”—a protein-signaling pathway that is a master controller of cell growth metabolism.

Matt R. Kaeberlein, a pathology professor at the University of Washington School of Medicine in Seattle, believes metformin and rapamycin are two drugs with promising implications. In mice trials, both extended life span. Some of Kaeberlein’s work shows that rapamycin mimics the effects of caloric restriction. The mTOR pathway is nutrient-sensitive: if you impair the pathway, the body will prepare for a situation with less nutrients and go into “repair, maintenance, rebuild” mode, similar to the impact of caloric restriction.

In the US the Dog Aging Project is treating middle-aged dogs with rapamycin to see if it also improves their health and longevity. Recent scientific findings, including those published in the scientific journals Cell, Nature, and Science, suggest that aging and aging-related conditions such as immunosenescence (the decline of the body’s immune system) contribute to random cellular wear and tear, and to specific intracellular signaling pathways, including the mTOR pathway.

Think of the mTOR pathway as a micro-network of protein signaling, with two multi-proteins, TORC1 and TORC2, in charge of keeping the conversation going. TORC2 is the optimist and TORC1 the pessimist; preclinical studies have shown that when you inhibit TORC1 from talking too much, multiple aging-related conditions improve, including immunosenescence.

resTORbio, Inc., a clinical-stage biopharmaceutical company developing innovative medicines that target the biology of aging to prevent or treat aging-related diseases, is in a global phase 3 program to evaluate the safety and efficacy of RTB101, an oral TORC1 inhibitor. resTORbio believes it has the potential to reduce the percentage of people age sixty-five and older with clinically symptomatic respiratory illness.

Preserving your immune system could be the first step in deterring your decline. As we age, particularly beyond sixty-five, our immune systems grow tired, less able to detect and fight illnesses such as respiratory tract infections.


MANY STUDIES ARE PROVING THAT preventing and potentially reversing the effects of aging on the immune system may potentially slow down the aging process itself.

NOVARTIS INSTITUTES FOR BIOMEDICAL RESEARCH in Massachusetts put 264 volunteers aged sixty-five and over on a six-week course of two drugs designed to block mTOR. The double-blind, randomized study has shown promising results, safely reducing infections in around 40 percent of the elderly volunteers.

AROUND 80 PERCENT OF THE US health budget is spent on treating people over sixty-five years old. As more clinical trials on rapamycin and metformin prove that it can help humans live longer, and the drugs are remarketed as antiaging with FDA approval, the possibilities are endless. If people begin taking these drugs in early middle age, we may see an overall savings in health care—and the promise of significantly extending our health span.
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The (37.2 Trillion) Cell Situation

A team of researchers from the Department of Experimental, Diagnostic and Specialty Medicine at the University of Bologna recently came up with the average number of cells in the human body—37.2 trillion—and that doesn’t count the tens of trillions of microbes that live on and in you. You are made up of 50 billion fat cells, 35 billion skin cells, and roughly 2 billion heart muscle cells, and each of these has to keep running to keep you active, healthy, and living. Everything from bone repair to skin regrowth to the spread of infections to aging happens at the cellular level.

At the beginning of the twentieth century, scientists believed that our cells were basically immortal, continuing to divide until we died. The truth—that our cells themselves age—didn’t come to light until 1961, when microbiologist Leonard Hayflick discovered that normal human cells divided only a limited number of times—forty to sixty—before stopping. This became known as the Hayflick Limit. Hayflick also discovered that normal cells have a memory and are aware of the doubling level they have reached. That division life cycle of cells is important, not only for growth, repair, and defense functions, but for understanding and fighting disease and, in turn, delaying aging.

Since our cells have a shelf life, we need to keep their engines going. That’s the mitochondria’s job. Mitochondria are the organelles that convert oxygen and food into ATP, or energy. Mitochondria lose steam as we age, and when they don’t function properly, it can cause damage to DNA and proteins.

If We Could Push the Hayflick Limit Further, Could We Slow Down Aging and Even Cheat Death?

By focusing on the mitochondria, researchers have made some breakthrough discoveries about how to reenergize age-damaged cells that will become the basis for anti-degeneration drugs. In a study published in the journal Nature in 2018, scientists were able to reverse wrinkled skin and hair loss in mice by restoring the function of their mitochondria. Research led by Johan Auwerx, MD and PhD, at the École Polytechnique Fédérale’s Laboratory for Integrated and Systems Physiology, in Lausanne, Switzerland, is looking at how diet, exercise, and drug intervention might positively affect mitochondrial function. In 2017, Auwerx’s lab made headlines with a groundbreaking study that used the nicotinamide adenine dinucleotide–boosting compound nicotinamide riboside to improve mitochondrial function in a mouse model of Alzheimer’s disease. The NAD+ reduced amyloid plaques—clumps that destroy connections between nerve cells—and improved brain function, suggesting that the disease of aging might be metabolic in nature.


AUWERX’S LAB ALSO STUDIES THE effect mitochondrial function has on proteins and how age-related diseases attack both. Proteins make up about 50 percent of your cells and carry out all the work and biochemical processes that happen inside of them. It’s proteins that provide the structure and movement of the cells to keep them functioning. As you age, proteins are modified by exposure to things like high glucose. So, if the proteins become fatigued, the mitochondria become dysfunctional and the whole biochemical system suffers, which leads to aging.
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High-Intensity Interval Training (HIIT) for Your Cells

The good news is that we can address both mitochondrial function and proteostasis (the process that regulates proteins within the cell) with lifestyle changes, primarily exercise.

In the 1960s, fitness pioneer Jack LaLanne preached the power of exercise to care for your 640 muscles and to fight disease and aging. Fast-forward to 2017, and a team of researchers at the Mayo Clinic published a study proving that exercise—and in particular high-intensity interval training such as biking—gives your cells a youthful boost, causing them to make more proteins for their energy-producing mitochondria and their protein-building ribosomes, effectively stopping cellular aging.

The study consisted of thirty-six men and thirty-six women from two age groups (eighteen- to thirty-year-olds and sixty-five- to eighty-year-olds) and enrolled them in three different exercise programs: high-intensity interval biking, strength training with weights, and one that combined strength training and interval training. They then took biopsies from the volunteers’ thigh muscles and analyzed the molecular makeup of their muscle cells, compared to samples from sedentary volunteers. The results, published in Cell Metabolism in 2017, were outstanding: While strength training was effective at building muscle mass, high-intensity interval training yielded the biggest benefits at the cellular level. The younger volunteers in the interval training group saw a 49 percent increase in mitochondrial capacity, and the older volunteers saw an even more dramatic 69 percent increase. The high-intensity biking regimen also rejuvenated the volunteers’ ribosomes, which are responsible for producing our cells’ protein building blocks. The researchers also found a great increase in mitochondrial protein synthesis, enhanced mitochondrial function, and increased muscle.

“Based on everything we know, there’s no substitute for these exercise programs when it comes to delaying the aging process,” said study senior author K. Sreekumaran Nair, a medical doctor and diabetes researcher at the Mayo Clinic in Rochester, Minnesota. “These things we are seeing cannot be done by any medicine.”7



The 5:2 and Cellular Cleaning

It’s common wisdom that eating a healthy diet can keep you fit and youthful. But what it’s really important for is mitochondrial health: helping clean the junk out of our cells. Too much processed or calorie-dense food leads to mitochondrial dysfunction and obesity, which is associated with a variety of other age-related health issues. Eating healthy foods and staying active also support autophagy, the process of clearing out the weakest and sickest cells in your body, including the damaged proteins, organelles, and the mitochondria that have become sluggish. Without autophagy, your body would gradually fill up with junk DNA and dead tissue.

Autophagy is critical to preventing cancer, slowing down aging, and building muscle in response to exercise. Animal studies suggest that fasting can supercharge this cellular cleansing, which has prompted biohackers and nutritionists alike to tout the benefits of fasting diets. The 5:2 diet, also known as the Fast Diet, is the most popular intermittent fasting diet. It gets its name because you eat normally five days of the week, while the other two you restrict calories to five hundred to six hundred per day.

While there are many types of fasting diets, they can all be categorized into three groups based on the timing of the fast: (1) time-restricted feeding, which is the practice of limiting calorie intake to a certain time period, usually between eight and twelve hours per day; (2) intermittent calorie restriction, which calls for reducing daily caloric intake to eight hundred to one thousand calories for two consecutive days per week; and (3) periodic fasting, which requires limiting caloric intake for between three and five days so that cells deplete glycogen stores and begin ketogenesis.

But we should note that autophagy doesn’t happen all the time, and it’s not designed to. We need it particularly in response to certain forms of cancer and tumor growth. While autophagy concentrates on the recycling of damaged subcellular components, like organelles, proteins, and cytoplasm, there are entire cells that sometimes become irreparably damaged. This happens simply because the cells are too old or have replicated too many times, a phenomenon known as cellular senescence. And scientists are working on how we might train our bodies to delete these old cells, commonly called “zombie” cells.


[image: Image]
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Autophagy and Physical Fitness

Autophagy plays a role in exercise, both during and after. During exercise, our cells require what’s called microautophagy, the process that maintains glucose homeostasis and amino acid reserves within muscle cells. Without autophagy, our cells would quickly run out of energy. Indeed, mice genetically modified for reduced autophagy show a decrease in endurance during bouts of exercise.

Ways of Inducing Autophagy

To some degree, autophagy is always happening in the body. But as we’ve seen, most people would benefit from more autophagy. There are several ways to induce more autophagy, including fasting, ketogenic dieting, exercise, and drugs.

How to Use This Information

Autophagy can be a double-edged sword, but on balance it’s a good thing. In short, you want more autophagy throughout your body most of the time. Unless you have cancer, your focus should be on increasing autophagy on an intermittent basis, giving your body time to recover in between bouts.


A few practical guidelines:


	Fast for twelve to sixteen hours at least once a week, and maybe as often as every day.

	Fast for around thirty-six hours at least a few times a year, and no more than once a week.

	Exercise several times a week for at least an hour, and no more than two hours.

	Exercise each individual muscle group at least twice a week for at least twenty minutes, and no more than an hour.

	Exercise each muscle group to the point of exhaustion at least once a week. In other words, deplete that muscle’s glycogen stores.

	Eat at a caloric deficit for most of the year, except when specifically trying to build muscle.

	Spend a few months out of the year in a state of ketosis by following a ketogenic diet.

	Maybe take resveratrol for part of the year, cycling on and off it every so often. However, the full effects and optimal dosing protocol are unknown.




YOU DON’T NEED TO DO all of the above, but you should be doing at least two of them—ideally, one of the diet habits and one of the exercise habits.

—John Fawkes, Los Angeles–based personal trainer, online fitness and nutrition coach, and health and fitness writer, editor of Superhuman by Science, articles on evidence-based fitness, biohacking, nootropics, and health Medium8
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