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For my family




INTRODUCTION


Jinkies, You’re Old


Age happens to everyone. Things get harder. Your body starts to look and feel a bit less like yours and a pinch more like your parents’ (oh, god). Maybe you have a benchmark birthday approaching, or you’ve reached the point where you have second thoughts before taking risks you once embraced. Perhaps you’ve been around long enough to see chinks in the armor of your youthful invincibility, or you could almost swear you heard the unnerving shuffle of the Reaper (just getting acquainted with your address, no big deal).


The glib maxim “aging is better than the alternative” may be technically true, but it certainly doesn’t soothe the angst as you leave your relatively health-safe years for those more medically fraught. If you have relatives or friends who have faced health challenges—or if you have already stared down the barrel of a health crisis or chronic illness—those worries might show up even earlier. Even if you feel great right now, the truth is you want to stay that way.


There’s good news: Science is unraveling the intricacies of autophagy—a cellular renovation and recycling program happening inside your cells right now—that promises to change the way you age. Thanks to autophagy, your cells and tissues boast an incredible turnover rate. Imagine this: Your cells degrade and replace every single protein in your body about every 60 days, renewing your cellular machinery and protecting against damage that shows up when those proteins build up.1 Autophagy also targets other threats to your health, like pathogens, old organelles (the subunits within a cell), and abnormal cell contents.


It’s an “enormously hot field in biology,” opines autophagy pioneer Yoshinori Ohsumi, who won the Nobel Prize for his work in 2016 and sparked a flurry of excitement about the disease-fighting cell program among researchers from a wide range of fields.2 The volume of new research on the topic is so staggering that, between writing the first word of this introduction and typing the last period in the conclusion, thousands of brand-spanking-new peer-reviewed papers hit the scientific journals. At times, writing this book has felt like standing in the middle of an avalanche, nerdily talking about snow mechanics while buried up to the chin.


And all this intensity is for good reason. Understanding the nuts and bolts of autophagy heralds the development of new treatments for some of the most feared diseases that come with age—things like cancer and Alzheimer’s disease. It means stretching the average human life span without sacrificing good health. There’s no doubt that autophagy is the science to watch right now, but you don’t have to observe from the sidelines. There are actionable things you can do today to tip the odds in your favor.


Use this book to gain a deeper understanding of what’s going on in your cells and learn to tap into a crucial stress mechanism that has evolved in a wide range species—autophagy—that may help your body age successfully. Living your best life isn’t just about surviving as long as you can; it’s about protecting your health so you can enjoy the life you have built.


Choose Your Own Adventure


To geek out about what autophagy is, how the science unfolded, and what might be on tap in the near future, head to Part I.


To learn about how autophagy protects against specific age-related diseases, flip to Part II.


If you prefer to jump right to autophagy-enhancing techniques you can use right now, consider yourself cordially invited to Part III.


A Quick Note


It’s important to remember that while the underlying science is old enough to collect social security, the potential applications of autophagy are still emerging. Researchers are on the knife’s edge of monetizing autophagy via drug development and personalized treatment options. Science this new relies first on animal model studies (yeast and worms and rats and monkeys, oh my) and then turns to human clinical trials, which are considerably more complicated.


It makes sense to catch the autophagy bug and DIY it a bit; after all, it’s exciting! However, Debbie Downer, version Velma here to remind you that oversimplifying or jumping to conclusions is jeepers-level spooky, gang. Just because ideas are connected doesn’t mean one causes the other. Or, in science-and-philosophy-speak, correlation does not imply causation. That’s the goal here—to decant the science and the possibilities for your pleasure with the important caveat that you only know what you know when you know it. Which is basically a decent life philosophy.





1 Yoshinori Ohsumi. “Historical Landmarks of Autophagy Research,” Cell Research 24 (2014): 9–23. https://doi.org/10.1038/cr.2013.169.


2 Ohsumi, “Historical Landmarks of Autophagy Research,” 9–23.




PART I


WHAT IS AUTOPHAGY?




CHAPTER 1


HOW AUTOPHAGY WORKS


Time Machine to Elementary Biology


You probably remember the fallout even decades later. You knew your science fair project was coming up but just couldn’t deal, so you ignored it until an adult in charge, horrified by your life choices, discovered the assignment scrap in the bottom of your backpack…the day before it was due. The stress level surged, and your reasonable options were few, thanks to the now-impossible deadline. The only viable choice was the old standby: a cell model.


Maybe you sat up all night forming organelles out of clay and pressing them into a cytoplasm shell, topped off with handmade labels on toothpicks (bam, done). Perhaps you were more daring (or had a more creative parent) and suspended fruits or candies in gelatin for a science-meets-snack project. (Side note: Please, for the love of all that is holy, don’t send one of these to school for your own kids. It attracts ants. And somebody is going to stick their finger in it, setting off a drama spiral that makes everybody late for recess. Signed, a former science teacher.)


Regardless of your medium, you probably still remember the big, important organelles (looking at you, nucleus, over there hogging all the cell biology glory). But you might not remember much about the rather boring-appearing, roundish blob you stuck near the cell membrane: the lysosome. Yet this relatively neglected organelle plays a powerful role in one of your body’s most important processes: autophagy.


What Even Is a Lysosome?


Lysosomes are round organelles enclosed by membranes. This membrane is an important barrier between the lysosome and the cytoplasm (the thick solution that fills each cell), since the interior of the lysosome is super acidic, which is a handy way to be if your job is taking things apart. These are your body’s recycling centers, and they are chock-full of hydrolytic enzymes, which use water to break things down.


All the stuff your cells don’t want hanging around—misfolded or malfunctioning proteins, old organelles or biomolecules, even bits of viruses or bacteria that might make you sick—get a direct ticket to the lysosome. Literally. Running through the cell’s cytoplasm, a matrix of protein fibers called the cytoskeleton gives the cell its shape and organization. Some fibers act as tethers, anchoring organelles in place. Other fibers, called microtubules, form tracks around the cell. Cell transporters use these tracks to carry rejected cargo from other parts of the cell right to the lysosome’s door.


Once there, the lysosome’s enzymes break down the unwanted cell components. Some parts are reused to build new cell components, which conserves the cell’s energy since spare parts are free. Some cargo is broken down even further and burned for energy. And some cargo is just tossed in the trash pile and destroyed, or taken to the cell membrane and pushed out of the cell.


Enter Autophagy


Of course, all that unwanted stuff doesn’t just hop on the train and head to the lysosome on its own. A tightly regulated (and pretty universal among organisms—thanks, evolution!) cell process called the autophagy lysosomal pathway handles that. This is a stress response, so while baseline-level autophagy happens all the time in your cells, stress caused by dwindling nutrients or oxygen sends out signals (code red! starving!) that kick it into high gear.


The cell responds to the stress signal by building a double-membrane bubble—called a vesicle or autophagosome, if you’re fancy—ready to load up and transport unwanted cargo. The vesicle transporter engulfs that cargo—either unselectively because it just happens to be in the neighborhood or selectively seeking it out by mechanisms still under review—like a hungry blob and moves it into the cytoplasm using those microtubule tracks. Eventually, the vesicle fuses with the lysosome, where the cargo is unloaded, stripped for parts, and degraded.


Autophagy (as in the ancient Greek terms auto + phagy) literally means “self-devouring” because, when viewed through a microscope, it appears that the vesicle transporter swallows the unwanted cell contents.


Why Autophagy Matters


As you age, unwanted material—especially those misfolded or otherwise malfunctioning proteins—accumulates in your cells and eventually causes disease. This is because the precise way a protein folds into a three-dimensional shape—its conformation—enables that protein to do its specific job. This is especially true for enzymes, a class of proteins that make the chemical reactions that keep you alive (like metabolism) work. These proteins connect with their target molecules like a lock fitting with a key. Misfolded proteins are terrible locks; the keys just won’t fit.


The way a protein folds is determined much earlier in the process. To build a protein, the cell receives instructions from the nucleus so it can “translate” a string of base pairs copied from the DNA into a chain of amino acids, which will eventually fold into a functional protein. A change to even one amino acid—say, leaving one out or substituting it for another—can wreck a protein, rendering it nonfunctional and even directly causing diseases like cystic fibrosis or sickle cell anemia.


Those misfolded proteins cause problems over time, too. They can build up in your cells, forming the tangles or toxic clumps seen in neurodegenerative conditions, such as Alzheimer’s disease, Creutzfeldt-Jakob disease, Parkinson’s disease, and type 2 diabetes.


To understand the sort of function autophagy performs, consider the current theory on Alzheimer’s disease. One of the primary features of the devastating neurodegenerative illness is neurofibrillary tangles of tau proteins in the brain cells. These proteins normally act like support beams for the nerve cells, giving them structure and helping them perform their jobs. However, abnormal or damaged tau proteins can’t function properly and instead collapse into tangles. The precise mechanisms behind these tangles is still unclear; in fact, scientists very recently proposed a new mathematical model for how these clumps form and even spread among brain cells.3


Your cells don’t just sit back and allow misfolded (or otherwise problematic) proteins to stack up. Most of these proteins, as well as other unwanted cellular matter, are tagged for destruction and routed through the cell’s recycling machinery. This is autophagy, crucial for prolonging your health span and enabling you to age successfully.


Genes, Genes, Genes


The human genome contains somewhere between 20,000 and 25,000 genes, which are the basic unit of heredity.4 Those genes are segments of paired nitrogen base molecules (plus a sugar and a phosphate) whose sequence codes for specific proteins, like a DNA recipe. Some genes are small, consisting of a couple hundred DNA bases, and some are ginormous at over 2 million bases. Each nucleus-containing cell in your body holds a full copy of your genome (which varies from the genomes of other humans by less than 1 percent!). If you were to place all that DNA end to end and stretch it out, it would cover the diameter of the sun…twice. Yet it fits inside your body, inside the nucleus of your cells, thanks to its super-twisted helical structure and the fact that it condenses into chromosomes.


Many of your genes serve as blueprints that tell your body how to build specific proteins. Other than water, proteins are the most abundant thing in your body, and they play a wide range of roles to keep you alive and functioning. Researchers have uncovered approximately a gazillion genes and proteins (okay, not really, but a whole freaking lot) involved in autophagy across all research species. When it comes to humans, the HUGO Gene Nomenclature Committee currently lists 33 autophagy-related genes (ATGs).5
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