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Preface

Every 65 seconds in the United States, a person develops Alzheimer’s.1 Every three seconds in the world, a person develops dementia, mostly due to Alzheimer’s.

In 2019, 5.8 million Americans lived with Alzheimer’s. By 2050, 13.8 million will. By the same year, 131.5 million people worldwide will be living with dementia.

In the United States, death from Alzheimer’s increased more than 120 percent over the last twenty years. It is now the sixth-­leading cause of death. Worldwide, Alzheimer’s and other dementias are the fifth-leading cause of death.

In 2019, it cost $350,000 to care for one American with ­dementia. That year, the total cost of Alzheimer’s and other dementias was $290 billion in the United States and over $1 trillion in the world.

Still higher is the human cost of Alzheimer’s—the loss of friends and families, memories and purposes, lives and souls.

At present, there is no effective prevention or treatment, let alone cure, for Alzheimer’s.

As a species, we desperately need to do something.
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1

LOST WIVES

In 1864, a sprawling structure was rising on the outskirts of Frankfurt, Germany. Emulating the medieval gothic style, the structure had imposing towers, an arched entryway, and enormous windows. It was by all architectural accounts an impressive building. Yet, as the home of the Institution for the Mentally Ill and Epileptics, it felt more depressive than impressive under the gloomy Frankfurt sky. Among the locals, it was known as the Castle of the Insane.

Stumbling through the door of the castle in the winter of 1901 was a local woman, Auguste Deter, fifty-one years old. Auguste was tall, with long brown hair. One could tell she had been handsome in her youth, and she still was, except that her dark eyes looked confused and helpless. Standing by her side was her husband, Karl. Auguste had no idea where she was, or, really, who she was.

One of four children, Auguste was born and raised in Kassel, Germany. Her father died young, supposedly from a skin infection, and her mother died at sixty-four of pneumonia.1 As was the custom for working-class girls of her time, Auguste attended primary school, worked for a wage, and then did the only honorable thing a woman could: marry.2 At age twenty-three, Auguste tied the knot with Karl Deter. Together, they moved to Frankfurt, where Karl worked as a railway clerk. For the next twenty-eight years, Auguste proved herself a hardworking and amiable wife, maintaining the household, tending her husband, and raising a healthy daughter.

But Auguste hadn’t been herself lately. She neglected housework and messed up her cooking. She had trouble remembering things. She was paranoid that others were plotting against her. She wandered around paying unwanted visits to neighbors. She even grew suspicious of Karl, accusing him of having an affair with a neighbor.

Humiliated and helpless, Karl brought Auguste to their family doctor. Noting Auguste’s memory problem, manic state, and sleeplessness, the doctor decided that she was suffering from general paresis. Common at the time, general paresis was a feared condition that led to mental deterioration, personality change, and ultimately death. Today, it is known as neurosyphilis, a disease caused by bacterial infection in the brain and nervous system. With the advent of penicillin as a treatment, it is no longer lethal. But in 1901, there was no penicillin, nor was there a clear understanding of the cause of the disease. The family doctor declared Auguste’s case hopeless and ordered that she be sent to a mental institution: the Castle of the Insane.

Despite its fearsome name and severe appearance, what went on inside the Castle of the Insane was more heartening.3 Established under the direction of Heinrich Hoffmann, a psychiatrist better known to some as the author of the popular children’s book Der Struwwelpeter (Shockheaded Peter), the hospital operated based on Hoffmann’s belief that mental illness is a true disease. Mental patients are not morally corrupt, weak, or possessed. As with other patients, their suffering has a physical origin: a damaged brain, something less visible than a broken limb or gashing wound. If anything, mental patients need the gentlest and most humane care because their illness is of the most devastating type.

Acting on this belief, the institution banned straitjackets and gave patients as much freedom as possible. Coercive measures were avoided, and isolation was employed only as a last resort. Widely used instead was bath therapy. Patients lay in bathtubs immersed in warm water for hours, or even days, to help soothe themselves. They were also encouraged to exercise, garden, and listen to music.

Poor Auguste, however, didn’t get to enjoy the amenities much. She was too far along in her confusion and agitation. Upon her arrival at the institution, she was unable to recall her name, her husband’s name, or even that she had a husband. If Karl Deter had had any hope before, he realized that day that his wife of twenty-eight years was gone.

[image: image]

That same year, someone else at the institution lost his wife. Thirty-seven years old, senior physician Dr. Alois Alzheimer was a kind colleague, a content father of three, an avid researcher, and indeed, a recognized expert on general paresis, the disease Auguste supposedly had.

In February 1901, Alois’s wife of seven years, Cecilie, died of an undetermined illness. Like Auguste and Karl’s marriage, Alois and Cecilie’s was a happy one—only it started, rather than ended, with mental illness.4 Back in 1892, Cecilie Alzheimer was still Cecilie Geisenheimer, the wife of Otto Geisenheimer, a wealthy merchant suffering from general paresis. That year, Otto embarked on an expedition to North Africa with Cecilie and his personal physician. During the trip, Otto suffered a sudden turn for the worse. His physician, a friend of Alois Alzheimer, telegraphed him for help.

Hastening to Algeria, Alois met the group and did what he could, but he couldn’t save Otto, who passed away on their way back to Germany. In the real-life plot of a modern-day drama-romance, the young widow took a liking to Alois. More remarkably, she eventually proposed to him. Alois accepted, and the two were married two years after the fateful expedition.

In addition to three children and a family, Cecilie gave Alois an enormous fortune from her previous marriage. Alois Alzheimer never needed to work for a living again.

But work he did, and hard. If anything, financial freedom made him more determined to pursue his interest in medicine and science, an interest he had developed since a young boy. Born in the small German town of Marktbreit, Alois attended the local elementary school and then went to Aschaffenburg for secondary school. Young Alois distinguished himself at Aschaffenburg, showing strong interest and ability in natural science. Upon graduation, he pursued medical study at universities in Berlin, Würzburg, and Tübingen. Among the subjects he studied, two in particular fascinated Alois: psychiatry and histology (the microscopic study of cells and tissues).5 The combination of these two subjects was a decisive factor in his eventful encounter with Auguste.

By the time Auguste arrived at the Castle of the Insane, Alois Alzheimer had worked there for thirteen years, first as an intern and eventually as chief physician. As part of his hospital routine, Dr. Alzheimer liked to talk with patients to develop a rapport and observe their symptoms. His first interview with Auguste happened the day after she was admitted, during lunch. On the menu that day were cauliflower and pork.

alois: What are you eating?

auguste: Spinach!
She chewed the meat.

alois: What are you eating now?

auguste: First I eat the potatoes and then the horseradish.6

No wonder the poor woman couldn’t cook, as her husband complained. She couldn’t even tell her veggies from her proteins. It’s funny how things haven’t changed much over the centuries. Today, the inability for women to perform in the kitchen—“forgetting her apple pie recipe”—is frequently what first alarms husbands and children.

For days, months, and years, Dr. Alzheimer and his colleagues examined Auguste. Detailed notes were kept on how she passed time at the hospital, how she interacted with other patients, and how she responded to doctors. We almost didn’t find out about all these because Auguste’s medical file went missing around 1910. But after many years of searching, by pure luck, the file turned up in 1995, buried in the archives of the University of Frankfurt’s psychiatric clinic:


The blue-colored cardboard pocket, still in pristine condition, contains photographs of Auguste D. [one of which is shown in figure 1.1] and samples of her attempts at a signature. There are also several pages of Alzheimer’s hand-written notes, in a now-outdated German script, documenting in detail his patient’s behavior during the first 5 days of her hospitalization, and other pages by two colleagues describing subsequent changes in her condition.7





FIGURE 1.1 Auguste Deter

From these files, we saw snapshots of Auguste that spanned the four years from her admission to her eventual passing at the institution. She was confused about time and place. She had trouble forming sentences and couldn’t read or write, not even her own name. With difficulty, she remembered her husband’s and daughter’s names, but she couldn’t say much about them. She hallucinated, was violent with other patients, and lashed out when doctors tried to examine her. She screamed and wailed, wandered aimlessly, and was heard crying out to God for mercy.

Augustine’s condition puzzled and intrigued Alois Alzheimer. Although it was well recognized at the time that advanced age can bring on mental deterioration—the so-called senile dementia—Auguste was only fifty-one, hardly senile. Her symptoms also seemed more severe and aggressive than those of senile dementia. The alternative diagnosis of general paresis, which Auguste’s family doctor suspected, could explain the age factor, since this illness strikes indiscriminate of age. But if it were general paresis, there were other factors that did not add up. Although Auguste had the mental impairment seen in general paresis, she lacked other telltale signs: her pupils reacted normally to light, her gait was not disturbed, and her knee reflexes were normal.8

As Dr. Alzheimer struggled to make a diagnosis, Auguste continued to deteriorate. Toward the end, she “was lying in bed in a fetal position completely pathetic, incontinent.”9 In April 1906, she died. Following an autopsy, the causes of death recorded in her file included blood infection due to bedsores, hardening of small brain blood vessels, fluid buildup in the brain, brain atrophy, pneumonia, and kidney inflammation.10

Dr. Alzheimer was not the one who performed the autopsy. In fact, he was no longer at the Castle of the Insane. He had left Frankfurt three years earlier to work for the renowned psychiatrist Emil Kraepelin at the newly constructed Royal Psychiatric Clinic in Munich, where Alzheimer was promised extensive opportunities to conduct neuropathology and microscopy research.11

As Emil Kraepelin later wrote in his memoir, Alois Alzheimer was instrumental in the opening of the Munich clinic. Alzheimer assisted him “in the most conscientious and tireless manner” and with “unshakable loyalty and dependability.”12

With his wealth, Alzheimer agreed to work at the clinic without drawing a salary. As Kraepelin recalled, “Alzheimer entered the service of the clinic without pay because I did not have a position for him and because he wanted to be in charge of how he spent his time.”13 Alzheimer worked as an unpaid “scientific assistant,” set up the clinic’s anatomy lab, and paid for lab supplies and equipment and the salaries of other personnel. He also helped arrange every single furnishing for the clinic, smoothed out conflicts, and supervised the medical service.14

Even though he was busy at his new job, Alzheimer didn’t forget about Auguste. His old colleagues at the Castle of the Insane kept him updated on her condition and promptly informed him when she passed away. They even arranged to send Auguste’s file and brain to Alzheimer so he could perform a thorough microscopic examination at his Munich lab.

What Alzheimer discovered under the microscope would make history. Inside Auguste’s brain, Alzheimer saw neurons in various degrees of disintegration, seemingly destroyed by fibrils, or tiny fibers, growing inside them. In some neurons, one or several fibrils could be seen. In more severe instances, the fibrils were combined into thick bundles. In the hardest-hit areas, neurons had completely disintegrated, and only a tangle of fibrils remained to indicate where neurons once were.15 In addition to the fibrils, Alois found numerous tiny plaques, or deposits, scattered between neurons. These deposits were made of an unknown substance and could be plainly observed.16

Alzheimer’s discovery of fibrils was claimed by some scholars to be the very first in medical history. But earlier reports, scant though they were, had identified fibrils in the senile dementia brain.17 Plaques were not a novel find either. They had been reported some twenty years earlier in the senile dementia brain.18 However, finding both in the same patient, a patient who was not senile, was remarkable.

The autopsy results, together with his clinical observation of Auguste at the Castle of the Insane, led Alzheimer to believe that what Auguste had was something unique—something that didn’t fit into senile dementia or other mental illnesses known at the time. Still, he wasn’t ready to announce that he had found a new disease. Instead, he called it “a peculiar disease of the cerebral cortex.” Under that title, he published an article describing Auguste’s case a year later in the General Journal for Psychiatry and Psychic-forensic Medicine.

Naming the illness “Alzheimer’s disease” would fall to Alzheimer’s boss at the Munich clinic, Emil Kraepelin.
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Emil Kraepelin was an influential figure in the history of modern psychiatry—some would say a founder of modern psychiatry itself. Through his best-selling textbook Foundations of Psychiatry and Neuroscience, which went into nine editions, Kraepelin made a significant contribution to classifying mental illnesses. His work imposed order on the chaotic array of mental diseases so that systematic diagnoses, research, and treatments could follow.

Right around the time Alzheimer published his paper on Auguste, Emil Kraepelin started revising his textbook for its eighth edition. In that edition, published in 1910, he included, matter-of-factly and without warning or pretext, a new disease that he called “Alzheimer’s disease.” In that entry, Kraepelin detailed what the disease looked like in clinical symptoms, based on Alzheimer’s case observation:


Over the years the patients gradually regress mentally, become weak in memory, impoverished in thought, confused, and unclear. They can no longer find their way around, fail to recognize people, and give their things away. Later a certain restlessness develops; the patients chatter a lot, mutter to themselves, sing and laugh, run about, fiddle around, rub, pluck, and become unclean…. [T]he patients do not understand any requests or gestures, do not recognize objects and images, do not complete any ordered tasks….

The speech disorders, above all, are most profound. The patients can produce comprehensible individual words or sentences well but usually fall into a meaningless babbling….

Finally the patients fall into complete silence, emitting, only when excited, single comprehensible words or meaningless groups of syllables. Writing is impossible. At the same time, the highest conceivable degree of stupor develops. The patients perhaps look up when one turns to them, occasionally smile, but no longer understand a word or a facial expression, no longer know their next of kin, and answer only to direct physical intervention with gestures of irritation and hastily pronounced, ill-defined syllables….

The final condition represented here can continue with a very gradual worsening or remain seemingly unchanged for many years. Death ensues in the cases I have observed through comorbid illnesses.19



Following these clinical symptoms, Kraepelin included a paragraph of brain autopsy findings: the widespread neuronal death and numerous plaques and fibrils. Kraepelin admitted that these autopsy findings overlapped with those of senile dementia, but he emphasized that patients with Alzheimer’s disease were much younger and their clinical symptoms were especially severe. “In such cases,” Kraepelin concluded, “at least one would therefore have to assume a presenile dementia, if we are not in fact dealing with a peculiar disease process that is largely independent of age.”20

Kraepelin’s words being authoritative, Alzheimer’s disease was born. It is often referred to simply as Alzheimer’s or by the acronym AD. (Incidentally, those are the initials of its first patient: Auguste Deter. Coincidence, or fate?)


2

CURSED INHERITANCE

Emil Kraepelin knew full well that naming a disease makes it real in popular belief and creates ripple effects beyond just an entry in a textbook. It regulates lives, legitimizes treatments, and sells remedies. Female hysteria used to be a catch-all term to condemn women’s emotions and urges. Bizarre hypotheses (like the wandering uterus) and condescending treatments (pelvic massages) had been proposed and sold for centuries.

Still, Kraepelin couldn’t have imagined the controversy that he stirred up by naming a disease after his loyal employee. Naysayers questioned the medical basis of Alzheimer’s disease, arguing that there were few cases supporting its existence and suggesting that naming it was nothing but a publicity stunt.

It is difficult to know how many Alzheimer’s cases Kraepelin was aware of. As far as published cases went, only six, including that of Auguste Deter, had made it into the medical literature by the time Kraepelin’s book was printed.1 Moreover, of the six cases, three involved patients who were over sixty years old, the common threshold for senility, and thus presented a contradiction of Kraepelin’s proposition of presenile dementia.

But there were also unpublished cases, of which Kraepelin knew at least one. It happened at his own Munich clinic and was seen by Alois Alzheimer himself. This was the case of Johann Feigl, Alzheimer’s patient number 2.

A fifty-six-year-old, widowed laborer, Johann was admitted to the Munich clinic in late 1907.2 His symptoms were remarkably similar to those of Auguste’s. He was forgetful and disoriented. He couldn’t bathe himself, didn’t know what to do with a comb, and couldn’t write anything except his own name. He could articulate words but had trouble comprehending them. When interviewed, he repeated questions rather than answering them. He fixated on words and ideas, calling a key a “kneecap” after having talked about kneecaps.

Johann’s deterioration happened fast. When first admitted, he was able to put a cigar in his mouth, strike a match, light the cigar, and smoke it. Six months later, when given a cigar, he hopelessly rubbed it against the matchbox. As time passed, Johann became restless, resistant, and mute. Toward the end, he was incontinent and completely nonresponsive. Three years after admission, he died.

Because Kraepelin witnessed Johann’s symptoms firsthand, this case likely had a strong impact on his decision to name a presenile Alzheimer’s disease. What Kraepelin didn’t know was that there was more to this case than it seemed.
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After Johann passed away, Alois Alzheimer promptly performed a brain autopsy. Like Auguste’s, Johann’s brain had shrunk and was overtaken by plaques of what seemed the same unknown substance. The plaques were numerous in some parts of the brain, and many had an extraordinary size.3 However, despite many attempts at sampling different parts of the brain, Alzheimer couldn’t find a single neuron invaded by fibrils as he had seen in Auguste’s brain.

Until Johann, all the cases that were diagnosed as Alzheimer’s disease had abnormal fibrils. It is the combination of fibrils, which grow from inside neurons, and plaques, which are deposited between neurons, that made the microscopic case for a disease called Alzheimer’s. Johann’s case muddled this picture. Even today, the so-called plaque-only Alzheimer’s disease is an uncomfortable topic that, if taken seriously, threatens the pathological basis of an Alzheimer’s diagnosis. The good news is that such cases are uncommon.4 Researchers chalk them up to an early stage of Alzheimer’s: had the patients lived longer, as the idea goes, fibrils would eventually have appeared.5

Back then, Alzheimer did not have the luxury of comparing a large number of cases. Only a handful existed, and he personally examined just two. One had both plaques and fibrils, and the other had plaques but no fibrils. Given this lack of common pathologies, Alzheimer seemed quite uncomfortable that a new disease bearing his name had now been created. As he wrote in a 1911 paper about Johann’s case, “There is then no tenable reason to consider these cases as caused by a specific disease process. They are senile psychoses, atypical forms of senile dementia.”6 The most that he would admit to is that these cases “assume a certain separate position, so that one has to know of their existence … in order to avoid misdiagnosis.”7

Did Alzheimer blame Kraepelin for jumping the gun? That, we don’t know, but some historians certainly did.8 They thought that Kraepelin acted hastily based on scarce scientific evidence and did what he did only for social and financial gain. Supposedly, Kraepelin, by naming a disease after his clinic employee, was trying to outshine a rival clinic in Prague and protect his own clinic’s financial stability. At the Prague clinic, a researcher named Oskar Fischer had found plaques in multiple senile dementia brains and was proposing a plaque-based subtype of dementia called presbyophrenia. “Alzheimer’s disease” would preempt “Fischer’s presbyophrenia.” Another theory has Kraepelin competing with Sigmund Freud and his school of psychoanalysis. Freud attributed mental disorders to a conflicted psyche and sexual anxiety, whereas Kraepelin and his school of organic psychiatry attributed mental disorders to biological abnormalities in the brain. An “Alzheimer’s disease” based on microscopic brain damage would deal a blow to the idea of the psyche.

Both theories sound attractive, as conspiracy theories go. But neither is adequately supported.9 There is no evidence that Kraepelin’s clinic was in financial crisis. Even if it were, it is doubtful that naming a disease after an employee would have offered immediate relief. The alleged need to trump Freud also seems dubious when the organic school had just scored a big victory: the discovery that general paresis, Auguste’s initial diagnosis and a common mental illness of the time, has a biological origin, being caused by bacterial infection in the brain.

Both theories also ignored the fact that Kraepelin was an eminent scholar with a professional reputation who would think twice about proclaiming a disease he did not believe in. Although there weren’t many cases in front of him, what Kraepelin read and witnessed must have been compelling. If people in their forties and fifties could deteriorate the way they did, there were probably unique pathologies behind it.

To doubt Kraepelin is also to ignore the achievements of Alois Alzheimer, implying that he went down in history only by virtue of working for an influential boss. On the contrary, Alzheimer was an astute physician, a meticulous researcher, and an outstanding teacher. He was admired for his dual emphasis on clinical and microscopic observation, and recognized for his expertise in multiple conditions, including general paresis, brain arteriosclerosis, and epilepsy. During his lifetime, he published more than fifty research papers,10 almost all of which he wrote as a single author. He was not just in the right place at the right time to catch a rare case.

For his achievements, Alzheimer was appointed full professor and chair of psychiatry at the Silesian Friedrich-Wilhelm University in Breslau in 1912. Unfortunately, three years into the position, he succumbed to a streptococcal infection and rheumatic fever and died at age fifty-one. Walther Spielmeyer, his successor at the Munich clinic, spoke highly of him: “Alzheimer never had to fight for recognition for his research work. The clarity of his oral presentations and writings convinced even a distant observer about the importance of his results. At these times of prolific publishing where everyone believes to have something of importance to say and where many advertise the little things they find over and over again, Alzheimer never took the floor unless he had something truly important to say.”11

These were the same qualities that held Alzheimer back from believing in Alzheimer’s disease. Had he lived longer and encountered more cases, would he have changed his mind? That, I don’t know; but had he foreseen the plight of his countrymen the Volga Germans, I’m sure he would have.
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For a Russian emperor, Peter III was ill fated. Crowned in 1762, he was overthrown in a mere six months, by none other than his wife, Catherine II. Peter was imprisoned and died mysteriously days later, while Catherine (or Catherine the Great as she came to be known) went on to rule Russia for more than three decades.

One of Catherine’s first and most ambitious undertakings was to develop Russia’s southeast frontier along the Volga River, a stretch of vast, unpopulated wilderness.12 It was a behemoth of a task, but Catherine knew just the way to accomplish it: lure European immigrants to settle the land for her. The recruitment campaign was advertised in a 1763 Manifesto throughout Europe, which painted a glorious picture of the frontier. The land was rich and fertile, had “an inexhaustible wealth of multifarious precious ores and metals,” and was “richly endowed with forests, rivers, seas, and oceans convenient for trade.”13 The Manifesto also promised many privileges to those willing to come: travel assistance, daily allowances, equipment and supplies, religious freedom, military service exemptions, tax breaks, and self-governance.

The campaign attracted some 30,000 settlers and had the most success in German’s two Hesse states. The Hessians had been plagued by endless wars, barren land, and extreme poverty. Thinking that they had nothing to lose, they plunged into the long journey to Russia. Among them were the Reiswig family: Johannes, the husband, Catherine, the wife, and George, their eight-year-old son.14 Very little record of the family remains, but we know that they ­survived the arduous journey (many didn’t) and arrived at the Volga frontier.

The end of the journey, to the dismay of the Reiswigs and their fellow travelers, was only the beginning of their hardships. The land that they faced couldn’t be more different from what they had been promised: primitive soil, wild vegetation, extreme seasons, and pests of all kinds, including ruthless human outlaws. There was no shelter, and food and medical supplies were minimal. With the Russian winter moving in, the settlers had no choice but to dig pits in the ground to shield themselves from the subzero temperatures. Sickness prevailed, taking the lives of many, including that of Johannes Reiswig. But miraculously, Catherine and little George survived.

Most of the immigrants in Volga were not farmers, and their lack of farming experience was matched by the scarcity of the land and resources. But the people gave the last of their physical and mental strength—now they really had nothing to lose. Eventually, against all odds, the crops started to yield, livestock were produced, log huts were erected, and the population grew. The Reiswigs expanded too. Through little George, their descendants grew up to call the Volga frontier home. With other settlers, they turned the once-unproductive wasteland into Russia’s agricultural center and industrial hub. All the while, the Volga German immigrants maintained a close-knit community, married within, and kept their language, religion, and customs.

Just as things were turning around, the good started to wane. A prolific people, the Volga Germans ran out of land to sustain their growing population. Anti-German sentiment also flared up in Russia, with talk of forced assimilation and military service in the air. To seek a new land and life, the Volga Germans sent investigators to the United States to scout out the prairie lands along the Missouri River. The scouts came back with favorable reports: there were enough land, railway jobs, religious freedom, and opportunities for every hardworking individual to amount to something. As brave as their ancestors, the first of the Volga Germans departed for the United States in 1874, and hundreds of families in tow followed over the next two years. Experienced farmers, many of them settled in the states of Kansas and Nebraska.

Among them were little George Reiswig’s descendants, a family of six: Jacob, the father, Anna, the mother, and four young boys. Arriving in Kansas in 1878, the family moved to Oklahoma several years later, settling down in a town called Kiel. The oldest boy, Christian, married in his early twenties, producing five children of his own. By Volga German standards, that was a small family. For them, having fewer than eight children was an exception; ten and twelve were not uncommon.

That standard was resumed by Christian’s first-born, John, who married in the early 1900s—when Auguste Deter was spending her final days in the Castle of the Insane in Frankfurt. In 1906, Auguste Deter died. That same year, John’s oldest daughter was born. Another thirteen boys and girls would follow.

The Dust Bowl also followed. Years of aggressive farming, drought, and dust storms crippled the ecology and agriculture in the Oklahoma and Texas panhandles. The sky turned dark, the land desolate, and pneumonia and malnutrition prevailed. Fortunately, all fourteen of John Reiswig’s children survived the elements and grew into healthy adults. But like their ancestors, they survived one journey, only to endure a more relentless plight.
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The bad omen started when the patriarch of the family, John, began to show signs of forgetfulness and distraction at age forty-eight. No one thought much of it, attributing it to the burden of raising a large family during hard times. Plus, John was functioning. He was taking care of himself, managing the farm, and driving family members around on errands—until one day, during one of those drives, he mysteriously collided his truck into an oncoming train, killing his wife and injuring one of his sons.

John survived the crash but was devastated and became ever more confused. He gave up the farm and moved in with his adult children. Day and night, he had to be watched and cared for like a little child; day and night, he wore a vacant stare on his face. At age sixty-two, he died.

But the nightmare did not die with John. It was just starting. Scarcely a decade would pass before John’s sons and daughters, now in their forties and fifties, started to wear that same stare. One daughter had to quit her job as a secretary because she could manage it no longer. Another was divorced because she was unable to maintain the household. One son could no longer put together the farm equipment that he had once known like the back of his hand. Another would get lost if he ventured only a little way away from home. One after another, they embarked on the same journey of memory loss, utter confusion, and personality and behavioral changes. For some, the journey lasted a few years; for others, it took two long decades. In their final days, they became paranoid, fearfully aggressive, unresponsive, and incontinent—just as Auguste Deter had been decades earlier. And one after another, they died in their fifties and sixties. Of the fourteen children, only three were spared.15

For a long time, the Reiswigs didn’t know what was plaguing them. But in the 1960s, after scores of doctor’s visits and years of terror, they finally had a name: Alzheimer’s disease (more precisely, what’s known today as early-onset Alzheimer’s disease). There is no hard and fast rule on how early qualifies for “early-onset,” but younger than sixty to sixty-five years of age is the rule of thumb. The Reiswigs also learned that they were not the only ones. As of 1992, eighteen families, all of Volga German descent, had been reported to suffer the same condition.16

With these families, Emil Kraepelin is vindicated.

Kraepelin’s proposition of a presenile dementia dovetails with today’s early-onset Alzheimer’s, a subset of Alzheimer’s disease. What Kraepelin, and Alois Alzheimer himself, didn’t imagine was that the disease could be inherited—even though a case was right in front of them: Johann Feigl, Dr. Alzheimer’s Munich patient. Genealogical studies a century later showed that Johann Feigl was not the only person in his family to be demented.17 Johann’s maternal great-grandfather and grandfather, as well as his mother, all died under circumstances that suggest early-onset Alzheimer’s. Johann’s brother Jakob was mentally incapacitated for several years before his death at sixty-six. Two of Johann’s other siblings likewise died suffering from mental illness. Altogether, the disease appeared to have affected sixteen of Johann’s maternal relatives and two of his paternal relatives.

As for Auguste Deter, very little of her family record exists, but it is possible that she too was related to the Volga German disease line, since she was from Germany’s Hesse region.18 Supporting this theory, a family with early-onset Alzheimer’s has been found in present-day Hesse to harbor the same genetic mutation as afflicted Volga Germans (for more about genetic mutations, see chapter 4).19 Conceivably, Auguste, this contemporary Hessian family, the Reiswigs, and other afflicted Volga Germans in the United States all share a common curse.


3

LEARNING TO WALK

If something already called Alzheimer’s disease was identified and catalogued by the authoritative Emil Kraepelin in 1910, why did it take generations of Reiswigs dying to get a diagnosis? What happened to Alzheimer’s in the good part of the twentieth century?

Well, nothing—or very little—according to the U.S. National Library of Medicine. The world’s largest biomedical library, it houses an enormous store of research data and impressive electronic tools. One search engine in particular, PubMed (available at https://pubmed.ncbi.nlm.nih.gov), combs through thirty million publications to churn out information about biomedicine and health publications.

Through PubMed, we can get a bird’s-eye view of modern Alzheimer’s research. From 1910 to 1960, 62 publications with the word “Alzheimer’s” in the title or abstract are found in PubMed. That’s an average of about 1 publication per year. By comparison, in 2019 alone, 10,747 publications are found. The changes that happened in between are shown in figure 3.1, and there you have it: modern Alzheimer’s research started at a crawl. It crawled through the first half of the century, started to wobble and walk in the 1970s and 1980s, broke into a trot in the 1990s, and only started running (and then sprinting) over the last fifteen years or so.







	
	
	
		
	
		
	
		
		
		
	
	
	
		
		
		
	
	
	
		
		
		
	
	
	
		
		
		
	
	
	
		
		
		
	
	
	
		
		
		
	
	
	
		
		
		
	
	
	
		
		
		
	
	
	
		
		
		
	
	
	
		
		
		
	
	
	
		
		
		
	
	
	
		
		
		
	
	
	
		
		
		
		
	
	
	
		
		
		
		
	
	
	
		
		
		
		
	
	
	
		
		
		
		
	
	
	
		
		
		
		
	
	
	
		
		
		
		
	
	
	
		
		
		
		
	
	
	
		
		
		
		
	
	
	
		
		
		
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	



   

FIGURE 3.1 The exponential growth of Alzheimer’s research in the past 100 years

Why was so little attention paid to Alzheimer’s in most of the twentieth century, then followed by a sudden explosion of interest? Was there a dramatic outbreak of the disease? Not really. Behind the crawl-to-sprint transformation were reasons political and cultural—and then scientific.

[image: image]

Prior to the 1970s, it was believed that Alzheimer’s disease, epitomized by the fifty-odd-year-old Auguste Deter, was rare.1 Rare diseases don’t exactly attract research attention—or funding. When patients and cases are limited in number, it takes tremendous time and effort to accumulate knowledge about a disease. Even if research succeeds and a drug is discovered, it sells to only a limited number of people, with meager financial payback. Research into rare diseases is thus considered unworthy of public-sector investment and unduly risky for pharmaceutical companies.2

But what about senile dementia, you ask—dementia that happens to people in their sixties and beyond? That wasn’t rare back then, was it? Indeed it wasn’t, and there was some suggestion that Auguste’s rare, presenile dementia and the common, senile dementias were related. After all, the plaques and fibrils found in Auguste’s brain had long been seen in the brains of patients with senile dementia.3

But the problem was that we didn’t know what to think of senile dementia back then. Is it a pathological condition, a disease, or is it simply part of getting old, a matter of “benign memory loss”?4 If it is part of aging, then it is inevitable; and if it is inevitable, then there’s no point in studying it. As one researcher recalled, until the 1960s, “[i]f you raised the subject of senile dementia with doctors, not laymen, but doctors, they didn’t want to know about it…. They’d say, ‘I don’t want to discuss it. Look, we all grow old, we can’t help it, it’s a sheer, total, waste of time working on it’.”5 With this attitude, studying late-life brain diseases was considered career suicide.6

The tide started to turn only in 1968. That year, researchers from Newcastle University, England, did a “counting” study to see if the number of brain plaques is related to dementia.7 Using interviews and cognitive tests, they first assessed the existence of dementia among elderly participants. When these participants passed away, brain autopsies were performed so the number of plaques in their brains could be counted. Armed with numbers from sixty participants, researchers showed that there is indeed a consistent, if somewhat imprecise, connection: the more plaques, the worse the dementia. The demented brain contained up to four times more plaques than the nondemented brain. The implication? Senile dementia corresponds with brain anomalies, and the anomalies are not inevitable in old age—at least not quantitatively. Ergo, senile dementia is not inevitable in old age.

Following this conclusion, pioneer researchers started to argue in the 1970s that the so-called presenile Alzheimer’s disease “is essentially identical” to senile dementia.8 They share the same brain pathologies: plaques and fibrils. They present the same clinical symptoms: memory loss, confusion, and personality and behavioral changes. Except for the age of onset, they have no real differences. It is time, researchers advocated, “to drop the arbitrary age distinction and adopt the single designation, Alzheimer disease.”9

This proposition has profound implications. If presenile dementia were the same as senile dementia, and both were simply Alzheimer’s disease, then none of it can be normal, so studying it wouldn’t be a waste of time.10 Also, now that Alzheimer’s was wearing two hats, an early-onset and a late-onset variety, it was no longer rare. Estimates at the time, based on data from England and other countries, were that 4.4 percent of people over sixty-five had dementia, and about 65 percent of that was due to Alzheimer’s.11 By this estimate, 600,000 Alzheimer’s cases existed in the United States in the 1970s and caused 100,000 deaths annually.12 The once rare disease became “a major killer,” the fourth- or fifth-leading cause of death in the United States.13

Of course, it is naive to think that a few scientists, whose influence rarely reached beyond obscure research journals, could singlehandedly transfer Alzheimer’s into a national health concern. In the United States, that transformation involved a host of other people: celebrities, politicians, patients and their families, and businesspeople.

To many Americans at the time, the person who made Alzheimer’s “real” was Rita Hayworth: dancer, movie star, and the great American love goddess. Wildly successful as a sexy femme fatale, Hayworth starred in more than forty films and was a beloved pinup girl among American servicemen during World War II. Sadly, the love goddess started to show signs of mental distress and memory loss in her fifties. She drank heavily, couldn’t remember her lines, and was consumed by emotional outbursts. For years, people thought her demon was alcohol, but then an Alzheimer’s diagnosis was made in 1979.14 Hayworth died eight years later, at age sixty-eight, trapped in her Central Park West apartment in Manhattan in “a state of utter helplessness.”15

As Hayworth’s life was unraveling, someone else took the stage and played an instrumental role in putting Alzheimer’s on the map: the National Institute on Aging (NIA). Established in 1974, NIA is one division, or institute, within the collective U.S. National Institutes of Health. NIA is a bit of an odd division. Unlike other divisions that focus on specific diseases or organs—such as the National Cancer Institute and the National Heart, Lung, and Blood Institute—NIA had a broad charge: to tackle any and all “problems and diseases of the aged.”16

A broad charge, contrary to what one may think, closes rather than opens doors. As a former National Institutes of Health officer put it, “when a new institute starts … particularly one devoted not to a disease or diseases but to a life stage, it is very hard, given the political realities of how budgets are fixed, to get money for studies of aging. You need to find something that is going to attract the interest of the political forces.”17

That something, NIA’s first director, Robert Butler, decided, was going to be Alzheimer’s. “The way we were going to get resources for the Institute was not going to be the way a scientist might wish it,” Butler revealed decades later, “because people don’t perceive themselves as dying of molecular biology or basic science. They do perceive themselves as afflicted by whatever. I thought it was justified, since I was already interested in dementia in the broadest sense and Alzheimer’s disease in particular, and since Alzheimer’s was a common disease. It wasn’t as though I was picking telangiectasia, progeria, or something.”18

With a disease picked, NIA then “primed the pump,” so to speak, actively recruiting researchers from related fields to study Alzheimer’s and helping them identify research opportunities.19 The goal wasn’t necessarily to find a cure for Alzheimer’s right then and there, but rather to generate compelling scientific stories to present to Congress for funding.

In addition, NIA waged a publicity campaign, reaching out to the press whenever an interesting finding about Alzheimer’s was made.20 More cleverly, it cultivated a social group whose members could speak to the human sufferings of Alzheimer’s and catch the attention of Congress. At the time, several grassroots Alzheimer’s groups already existed, formed mostly by patients’ families looking for support and information. NIA put these groups in touch with each other and urged them to form a national organization. In 1980, that organization was born: the Alzheimer’s Disease and Related Disorders Association, later renamed, simply, the Alzheimer’s Association.

The association performed beyond NIA’s wildest dreams. In a mere six years, it grew to 125 chapters and affiliates that covered forty-four states, with up to 35,000 volunteers.21 It became a strong voice in outreach and disease advocacy. Using private donations and government funds, it lobbied and advocated for patient care, public education, favorable research activities, and support policies. Today, the association remains the largest and best-known not-for-profit organization on Alzheimer’s, boasting a budget of $380 million, a staff of 2,600, and a volunteer pool of 62,000.22

What is less well known is how the association rose to sudden stardom, which involves another celebrity, Pauline Phillips.

Under the pen name Abigail Van Buren, Pauline wrote the popular, syndicated newspaper column “Dear Abby” from 1956 to 2000. In it, she advised readers on topics in their lives ranging from marriage to children to jobs. On October 23, 1980, the following exchange of letters appeared in her column:


DEAR ABBY: About two years ago I began to notice a change in my husband. He became increasingly forgetful and easily confused even though he was only 50. He had a physical checkup and was found to be in excellent health, but his memory got so bad it wasn’t safe to let him drive anymore. Then he had to quit work.

We saw several doctors before one finally seemed familiar with my husband’s condition. He told us he had Alzheimer’s disease, for which there is no known cure. Alzheimer’s disease occurs in people as young as 40 and 50 as well as in some older people.

Abby, my husband is too young for a nursing home, and besides, he is completely healthy otherwise—only his mind is affected.

I fear for his safety and have to watch him every minute. For a while he seems perfectly normal, then he becomes dependent and forgetful. Have you ever heard of Alzheimer’s disease? I feel so helpless. How do others cope with this affliction?

Desperate in N.Y.23



In reply, “Dear Abby” wrote:


DEAR DESPERATE: You are not alone. Approximately 1 million people in U.S. suffer from Alzheimer’s disease. There are now groups of concerned friends and relatives who have banded together to provide support, develop and disseminate helpful information, and encourage much needed research on Alzheimer’s disease.

Send a stamped, self-addressed, long envelope to Alzheimer’s Disease and Related Disorders Association, 32 Broadway, New York, N.Y. 10004 for up-to-date information. It’s free.24



We don’t know if Desperate in N.Y. acted on the advice, but 25,000 people sure did.25 Twice a day, two huge sacks full of letters requesting information would arrive in the association’s office. Some people also sent in checks. “I was very much interested in the checks,” said Jerome Stone, a Chicago businessman and founding chairman of the association, whose wife had Alzheimer’s. “I knew then that there were a lot of people who were interested in subsidizing this new organization, and that was very heartening.”26 As the association scrambled to respond to the letters, Stone scrambled to raise more funds. “I went to my friends and anybody who was involved in Alzheimer’s. As I say, people who sent even $50 or $100, I called to see if we could get better contributions from them. Anyways, we raised over $200,000 the first year, which was encouraging.”27

It was, indeed, very heartening and encouraging—except that the “Dear Abby” letter was, um, staged. As Stone let on later, a friend of his who was a friend of Pauline Phillips arranged to get that letter printed. “Desperate in N.Y.” was a publicity stunt.

Does the end justify the means? I don’t want to judge. As someone who had seen the ugly disease up close and personal, I’m biased. I mean, 25,000 people (and possibly more) found the letter relatable, and $200,000 did find its way to charitable causes. “Desperate in N.Y.” may not have been a real person, but her plight seemed to resonate with tens of thousands. Evidently, the advice columnist Pauline Phillips herself didn’t judge and was in on it—it is poignant to think that coincidentally, she too would be diagnosed with Alzheimer’s twenty years later.

But Peter Whitehouse would have judged, had he known this well-kept little secret. A neurology professor at Case Western Reserve University, Whitehouse is the author of The Myth of ­Alzheimer’s: What You Aren’t Being Told About Today’s Most Dreaded Diagnosis. In it, he argued that Alzheimer’s is not a definable disease, but rather an extension of normal brain aging. The “disease,” according to him, is a myth—a label created by politicians, researchers, and other stakeholders for their own benefit and gain.

“We must remember,” Whitehouse wrote in his book, “that multimillion-dollar organizations like the Alzheimer’s Association and other private foundations, as well as the Alzheimer’s programs at the National Institute on Aging and in universities, which collectively house hundreds and hundreds of employees, would not be able to sustain their funding if Alzheimer’s disease did not exist as a cause.”28 “While this is not a conspiracy,” Whitehouse concluded, “it’s a clever business and politically motivated strategy executed by organizations that know how to tell compelling stories with vivid language that will help sustain themselves.”29

When asked what they think of the book, some of Whitehouse’s colleagues said, “Peter has lost his marbles.”30 While I wouldn’t go that far and indeed appreciate Whitehouse’s point about money and politics, I did find his book sparse on novel scientific evidence, while exuberant with personal conviction. It implies that the public is clueless and can be manipulated into believing in a colossal myth. It suggests that without the “Alzheimer’s” label, we would cease to stigmatize cognitive decline and start to celebrate old age.

I’m not sure this is true. Average men and women are plenty capable of recognizing their own pain and suffering, regardless of what doctors or the media say. Heck, we are better than doctors at recognizing our own pain and suffering. Yes, Alzheimer’s is a scary diagnosis, but without this label, don’t we just double down on stigmas? Wasn’t Rita Hayworth, for all her charm and beauty, once deemed a pitiful alcoholic? Weren’t millions of nameless Ritas, upon losing their minds, deemed incapable, irresponsible, or simply crazy? Musing the (yes, somewhat arbitrary) difference between “normal” and “diseased” is a good philosophical exercise (for more about this, see chapter 20), but asking the elderly to get on with their lives when the life they know no longer exists is more than a little impractical.
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NIA’s efforts started to pay off by the mid-1980s. In 1976, NIA’s budget for Alzheimer’s research was a measly $800,000; by 1985, it had grown to $28.9 million.31 Not all this money went to build the political-economic empire that Whitehouse imagined. In fact, we have something very good to show for this early investment: the first modern hypothesis of what caused Alzheimer’s—and from it, the first treatment approved by the U.S. Food and Drug Administration (FDA).

This early work approached Alzheimer’s from the very basics: what is memory? Memory, of course, amounts to the things, people, and events that we remember. However, from a neuronal perspective, memory is essentially a pattern: a pattern in which certain neurons are fired, or activated, together. When neurons are activated together, the connections among them are strengthened. If we repeat the connections enough times, an automatic and long-lasting pattern forms. A face will immediately conjure up a name, personal attributes, past experiences with that person, and so on. That’s when we say we remember that person.

For neurons to fire and connect with each other, we need something called neurotransmitters, which are chemical messengers that transfer impulses from neuron to neuron. Multiple types of neurotransmitters exist, each responsible for certain actions. One that caught the attention of early researchers is acetylcholine, or ACh for short.

In the late 1970s, autopsy studies showed that in the brain of an Alzheimer’s patient, ACh production is significantly reduced.32 The cause for this reduction was soon revealed—by none other than Peter Whitehouse. At the time, Whitehouse was studying at Johns Hopkins and found that with Alzheimer’s disease (he had no problem calling it a disease back then), the brain suffered significant neuronal loss in a lower-front region called the substantia innominate.33 Remarkably, these lost neurons would be the primary source of ACh production, responsible for supplying ACh to other brain regions important for cognition and memory formation.

These findings ushered in the cholinergic hypothesis—the word cholinergic means using ACh as a neurotransmitter. According to this hypothesis, when ACh production runs low, the relay of messages between neurons stalls, which causes memory to break down and cognition to falter. Accordingly, to cure Alzheimer’s, we must increase ACh production.

A main ingredient in ACh production is choline, which is a common dietary nutrient. Animal-based food items such as meat, egg, and fish are rich in choline, whereas most fruits and vegetables are low in it.34 In rat studies, the administration of choline raised brain ACh.35 Dietary intervention worked too. A choline-rich diet increased ACh in the rat brain, while a choline-poor diet reduced it.36

In human experiments, however, choline administration failed to improve cognitive performance, despite repeated attempts.37 Ingesting dietary sources of choline similarly had no effect.38 Not ready to give up, researchers came up with an alternative idea: if boosting ACh production doesn’t work, maybe we can prevent its degradation? When ACh is released into the brain, it is quickly broken down by an enzyme called acetylcholinesterase (AChE). If we inhibit AChE, ACh can stick around long enough to do its job. Drugs that inhibit AChE are called AChE inhibitors.

The first AChE inhibitor that went into human trials is tacrine (trade name Cognex). In multiple trials with Alzheimer’s patients, tacrine was found to improve cognitive performance, as well as overall behavior and function.39 The amount of improvement, however, was small: while untreated patients would deteriorate 0.5–1.0 point on a standard cognitive test during a twelve-week period, tacrine-treated patients ranged from deteriorating 0.38 point to improving 0.12 point.40 The drug also had serious side effects, including liver toxicity, and about 25 percent of patients simply couldn’t tolerate it at all. Among patients who could, about 40–50 percent showed short-term improvement.41 Despite tacrine’s side effects and less-than stellar therapeutic performance, in 1993, it was approved by the FDA as an Alzheimer’s treatment—the first ever.

After tacrine, three other AChE inhibitors emerged, demonstrated similar benefits with fewer side effects,42 and were approved by the FDA in quick succession between 1996 and 2001. Among them, donepezil (trade name Aricept) was approved for treating all stages of Alzheimer’s, from mild to moderate to severe. The others—­rivastigmine (trade name Exelon) and galantamine (trade name Razadyne)—were approved for treating mild-to-moderate Alzheimer’s. Safer than tacrine and comparable in effect, the new AChE inhibitors essentially pushed tacrine out of the market.

In addition to ACh, early researchers looked at another neurotransmitter, glutamate. Like ACh, glutamate facilitates neuron connection and memory formation. It is, in fact, one of the most abundant and powerful neurotransmitters out there, capable of exciting neurons even at low concentrations.43 Precisely because it is so powerful, glutamate is a double-edged sword. If they receive too much of it, neurons will be overexcited to the point of exhaustion and death—a phenomenon known as excitotoxicity.

Because the Alzheimer’s brain suffers damage in certain neurons and neuronal structures that interact intimately with glutamate,44 researchers suspected excitotoxicity and experimented with a drug that blocks glutamate: memantine (trade name Namenda). It was a quick success. In mid-to-late-stage Alzheimer’s patients, memantine preserved basic abilities such as bathing and toilet use, reduced caretaker dependence, and improved behavioral issues such as agitation.45 On account of these effects, in 2003, the FDA approved memantine for treating moderate-to-severe Alzheimer’s.

Today, AChE inhibitors and memantine remain the go-to drugs for Alzheimer’s. Their success is impressive, especially considering that they came out of pioneering research performed before the field even took off. Since then, no new Alzheimer’s drug has been approved.46 It is, however, important to note that existing neuro­transmitter treatments are all palliative. That is, they do not cure Alzheimer’s, nor do they stop the progression of the disease. They only reduce symptoms—marginally and temporarily. They are, at best, a bandage.47

A bandage offers no explanation for where the wound came from. It presents no explanation for why Auguste Deter fell ill when scarcely fifty, while Rita Hayworth bought herself a bit more time. It gives no explanation for what runs in the Volga German bloodline and haunts generations of the Reiswigs. To answer these questions, we turn to the crown jewel of modern Alzheimer’s research—genetics, starting with a refresher, or crash course, on chromosomes.


4

SEARCHING FOR THE 
ALZHEIMER’S GENE

Chromosomes live inside the nucleus of a cell. Under the microscope, they look like little rods made of coiled cotton threads. The threads are long deoxyribonucleic acid (DNA) strands, so chromosomes are, simply stated, tightly packed DNA. A full definition of DNA can run for pages. For now, it suffices to say that DNA is a molecule that directs protein production and thereby determines the way that life forms and functions.

Each person has twenty-three pairs of chromosomes—pairs, so a total of forty-six. Of the twenty-three pairs, one pair consists of the sex chromosomes: X and Y. This pair of chromosomes determines our sex: XX for a female; XY for a male.1 Early-onset Alzheimer’s does not discriminate between males and females, which suggests that the “cursed” inheritance is not conveyed by the sex chromosomes.

The remaining twenty-two pairs of chromosomes are called autosomes, which are the same in males and females. They are numbered 1 through 22. Chromosome 1 is the largest and has the longest DNA strand; the rest follow in descending order.2

A child inherits half of its chromosomes from the mother and half from the father. So, for example, with the chromosome 1 pair, one copy comes from the mother and the other from the father. If a defect in either inherited copy is sufficient to cause a disease, the disease is called autosomal dominant; if both copies must be defective to cause a disease, the disease is called autosomal recessive.

Given its robust inheritance pattern, early-onset Alzheimer’s is autosomal dominant. This is a cruel reality for children born within an afflicted family because their chance of getting the disease is a steadfast 50 percent. Suppose that the disease resides on chromosome 21, and a mother carries one defective and one healthy chromosome 21 as her own pair. Because a child must inherit one chromosome 21 from the mother, there’s a 50 percent chance that the child will get the defective copy and inherit the disease. The math is the same if the father is the affected parent.

Having more children doesn’t change the math either. Each time a child is conceived, the coin is tossed for the same 50 percent odds. This is a new game each time it is played, and playing more rounds doesn’t improve the luck. Among the fourteen Reiswig children, eleven lost—a string of bad, bad luck. To make matters worse, with early-onset Alzheimer’s, inheritance is fully penetrant, which means when a child inherits the defect, there is no escaping the disease.3 Their fate is sealed at birth. For these reasons, a single patient in a prolific family can create profound ripple effects on generations of descendants. And if these descendants marry within a close-knit community, as the Volga Germans do, they give rise to large clans that suffer from the disease.

Sadly, despite all their suffering, the Volga Germans aren’t the worst hit by Alzheimer’s. On the outskirts of Medellín, the capital of Colombia’s Antioquia province, live the Paisas (from paisano, meaning “countrymen” in Spanish), another close-knit, isolated community. In the Paisas’ mountainous villages, researchers located twenty-five exceedingly large families with 5,000 members suffering from early-onset Alzheimer’s. Their disease line is suspected to come from a single European colonist a few centuries earlier. Before modern science reached the villages, the Paisas called their disease La Bobera (“the foolishness”). They thought it was caused by the curse of a witch, by the revenge of a priest, or by touching a certain tree.

On top of the large number of cases, the Paisas face a disease onset that is shockingly early, even by the standard of “early-onset.” Many start experiencing symptoms in their forties or early fifties. Elderly parents, if they are not themselves ill, are condemned to care for their demented, adult children. At age eighty-two, Mrs. Cuartas looks after three. One son, Oderis, fifty, has failing memory but denies it. The other, Darío, fifty-five, “babbles incoherently, shreds his socks and diapers, and squirms so vigorously he is sometimes tied to a chair with baggy blue shorts.”4 A daughter, María Elsy, sixty-one, showed symptoms at forty-eight and is now “a human shell, mute, fed by nose tube.”5

“To see your children like this…. It’s horrible, horrible. I wouldn’t wish this on a rabid dog. It is the most terrifying illness on the face of the earth,” cried Mrs. Cuartas.6
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Recognizing the abyss of their suffering, we should be thoroughly grateful to the Paisas, Volga Germans, and others like them because their misfortune opened an invaluable door to understanding Alzheimer’s disease. Individuals from these communities willingly take part in research studies, undertaking cognitive tests, blood panels, brain scans, lumbar punctures, and, eventually, autopsies in order to yield data for modern science. Many know in their heart of hearts that what they are doing is too late for themselves, but they hope that they are giving something valuable to their children, their children’s children, and other ill-fated souls.

And they are. With their shared ancestry and living environments, these large clans provide data that contain little of the variation and noise that researchers usually must account for when calibrating results. By comparing the genetic profiles of healthy and diseased clan members, researchers can more effectively locate the defective chromosome and then zero in on the stretch of DNA on that chromosome that causes the patients’ suffering.

That said, the process is a lot more complex in practice. DNA can be written as a string of A, T, C, and G letters, which stand for the different nitrogen bases—adenine (A), thymine (T), cytosine (C), and guanine (G)—that randomly line up to form a DNA strand. Human DNA is three billion bases long, and no two people have exactly the same base sequences, so researchers have to rule out many innocent differences before they can pinpoint the real defect. To make the task feasible, they need to start with a likely suspect rather than trying their luck by going from chromosome 1 all the way to 22.

Of the twenty-two pairs of autosomes, chromosome 21 was the favorite suspect. This chromosome is implicated in Down syndrome, a genetic disorder featuring intellectual disabilities and developmental delays that affects 1 in 700 babies in the United States. Down syndrome is caused by being born with one extra copy of chromosome 21: three rather than the usual two. This is relevant to Alzheimer’s because children with Down syndrome almost always develop Alzheimer’s-like brain pathologies (namely, the plaques and fibrils) when they reach middle age. Eventually, many also develop outward Alzheimer’s-like symptoms, including changes in function and personality. So, it seems possible that certain defects on chromosome 21 are also the culprit in Alzheimer’s. In the 1980s, this theory interested researchers around the world, who dissected this little chromosome in search of patterns of inheritance.7

To appreciate what they were looking for, we need to know a little something about sex. During sex reproduction, our body naturally seeks to maximize its genetic diversity. Before a parent passes his or her chromosomes to a child, some mixing and shuffling happens. The mother’s paired chromosomes (for example, the two copies of chromosome 1), which she separately inherited from her parents, would physically cross over and exchange pieces of DNA. After this mixing, a copy gets passed on to her child, so the child essentially inherits from both the maternal grandmother and grandfather. The same happens on the father’s side.

Imagine this genetic shuffling as card shuffling. When we shuffle and then cut a deck of cards, cards that were very close to each other beforehand are more likely to end up in the same stack. The same is true of DNA. DNA segments that sat close to each other on a chromosome are more likely to stay together during the shuffling and be inherited together. Given this mechanism, researchers can search for unknown, defective DNA on a chromosome by using known DNA as markers. If a marker is consistently inherited by those who are diseased, then the defective DNA probably sits close by. This method of study is called linkage analysis.

Although sound, linkage analysis is also a fishing expedition—a random search in the hope of finding something, as opposed to a targeted search for a specified thing. Even though chromosome 21 is a small autosome, it still contains 48 million DNA bases with numerous known markers. If you don’t know what you are looking for, it’s going to take a while to find it. It’s a good thing, then, that as chromosome 21 tied up many researchers, others quietly made progress in different ways.
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When Alois Alzheimer first saw plaques in Auguste Deter’s brain, he didn’t know what he was looking at; he dubbed them “depositions of a special substance.”8 Twenty years later, the Belgian psychiatrist Paul Divry figured out what the substance was: a protein called amyloid.9 Truth be told, it is not all that special. Amyloid was found in plants in the 1830s, and then in the human nervous system in the 1850s.10 The name comes from the Latin amylum, which means “starch,” because like starch, amyloid has a waxy, gelatinous appearance. It also stains the same color when exposed to certain dyes, and that was how Paul Divry identified it.

Despite its starchy, innocent look, amyloid is quite the troublemaker. It can build up and cause damage in various organs, including the heart, kidney, liver, and spleen. In the heart, amyloid deposits stiffen the heart muscle and reduce its ability to beat, with potentially fatal consequences. Given amyloid’s shady character, finding it in the Alzheimer’s brain was an “aha” moment. Presumably, this troublemaker was damaging normal brain tissues, which could conceivably cause Alzheimer’s.

Of course, we need more evidence than amyloid’s bad reputation, because to be clear, amyloid is a general term that refers to a kind of pleated protein structure, not a specific protein. Many proteins can form the amyloid structure, so to get closer to the nature of Alzheimer’s plaques, we need to determine their specific identity—a task that took another half-century. You see, amyloid is quite stubborn. It doesn’t easily dissolve and it’s hard to purify, so studying it hasn’t been easy. It wasn’t until 1984 that two researchers from the University of California, San Diego finally succeeded.

George Glenner and Caine Wong’s success had a lot to do with their plan of attack: rather than targeting the plaques that scatter around neurons in the Alzheimer’s brain, they went after the ones inside brain blood vessels, which are more soluble and easier to analyze.11 From these plaques, they isolated two proteins: the first they named alpha; the second, beta. Alpha turned out to be an unrelated substance, so henceforth, the infamous substance that accumulates in the Alzheimer’s brain would be known as beta-amyloid.

It should be noted that beta-amyloid is not a foreign intruder. It is produced naturally in the brain, playing functions that we do not currently understand. Normally, it is degraded by enzymes or moved out of the brain into the circulation. In Alzheimer’s disease, though, it has somehow stayed and clumped into plaques.

Having isolated beta-amyloid, Glenner and Wong moved to the next step: determining its building blocks, the amino acids. Amino acids are like tiny beads that can be strung together to form a chain. When the chain gets long (usually having more than fifty beads) and is stable, it becomes a protein. Our body uses twenty common amino acids, strung together in different ways, to produce the numerous proteins it needs.

Figuring out beta-amyloid’s amino acid makeup is important because amino acids are generated—coded, so to speak—by unique DNA bases. Once the amino acids are determined, we can deduce the DNA sequence that codes for beta-amyloid. This stretch of functional DNA is what’s known as a gene. With a gene in hand, we can then test whether it is mutated in Alzheimer’s patients. If it is, the mutation is likely the cause of beta-amyloid deposits in their brains—and the root of their disease!

What Glenner and Wong found, however, was a bit of a letdown: beta-amyloid turned out to be a rather short chain, consisting only of twenty-four amino acids, not long enough to qualify as a protein.12 The DNA that codes for it, then, won’t be a “real” functional gene. But this discovery made researchers realize that beta-amyloid could be a protein fragment cut from a longer, precursor protein, as pictured in figure 4.1.


   

   
	
	
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




   


FIGURE 4.1 Beta-amyloid protein fragment being cut out of a longer amyloid precursor protein by enzymes

Using Glenner and Wong’s finding as a clue, several research groups quickly teased out the full precursor protein, which is about 700 amino acids long.13 Now that is a real protein. Its gene, the amyloid precursor protein (APP) gene, has about 2,100 coding DNA bases and sits on chromosome 21.14 As mentioned before, this little chromosome was a favorite suspect in Alzheimer’s because of its involvement in Down syndrome. Things are falling into place! Now, we just need to test Alzheimer’s patients to see what mutation was happening in their APP gene, and we would find the cause of their suffering.

But so close to victory, things ground to a halt. For years, researchers tested the Alzheimer’s patients they had access to, but one after another, their APP genes all turned out fine. Despite everything that’s going for it, maybe this gene wasn’t the answer?!

It’s a good thing that scientists are a persistent bunch. As they persisted, breakthroughs finally came. In February 1991, John Hardy and his team from St Mary’s Hospital Medical School, London, found an APP mutation in two early-onset Alzheimer’s families.15 The mutation was tiny: a single DNA base change, from C to T, among the thousands of bases in the APP gene. Once this mutation was found and researchers knew where to look, several more mutations were spotted in the same or nearby DNA bases in other diseased families.

But not everyone was celebrating. Most other researchers remained frustrated and confused. Working with their patient samples, they still couldn’t turn up any mutations. Pressured and paranoid, they commiserated at conferences and wondered what they were doing wrong.16

Then, the revelation came: if so many labs couldn’t find mutations in the APP gene, if so many early-onset patients don’t seem to have an APP mutation, then maybe APP is not the only gene that can trigger the disease. For all we know, there is another gene out there waiting to be discovered, waiting for someone else to make history. With that thought, hopelessness and paranoia turned back into frenzy, and teams rushed to conduct more linkage analyses. This time, chromosome 21 was no longer the singular favorite. This little chromosome has been searched over and over with a fine-toothed comb; not much was left to mine. Where else to look in the other twenty autosomes was anyone’s guess. It’s a huge body of water, but it was surmised that if we kept fishing, someone would get lucky.

And someone did. In October 1992, after years of fishing, Gerald Schellenberg from the University of Washington spotted a suspicious marker region on chromosome 14.17 Schellenberg had not pinpointed a gene yet, but he was able to link nine early-onset Alzheimer’s families to this region. Because APP mutations were found in only a handful of families, Schellenberg’s discovery promised something bigger and better.

Scarcely a month after Schellenberg’s discovery, three other teams came forward to publish their findings linking early-onset Alzheimer’s to the same chromosome 14 region. The three articles appeared in the same issue of Nature Genetics—back to back, no less. This replication of findings was no doubt a good sign that the discovery was solid, but it was also quite curious that multiple teams should, in supposedly independent fishing expeditions, chance upon the same fish at the same time.

Behind closed doors, rumors were spread about leaks, piggybacking, and even sabotage.18 Caught in the thick of it was Peter St George-Hyslop from the University of Toronto, the leader of one of the three teams. In its Nature Genetics article, St George-Hyslop’s team linked several early-onset Alzheimer’s families to chromosome 14,19 but what’s interesting about their work is that five years earlier, they had linked some of these same families to chromosome 21.20 That earlier finding, in retrospect, was the result of a mistake in statistical calculation.21 But St George-Hyslop couldn’t bring himself to admit that. In its new paper, the team repeated the earlier conclusion about chromosome 21 … and then asserted that they now had more robust evidence to connect the families to chromosome 14. The way they saw it, that was not so much a mistake as evidence that the genetics of Alzheimer’s are complex.

St George-Hyslop first submitted the new paper to Nature. But the reviewers at Nature turned it down—on the ground that one cannot link the same families to two different chromosomes. Although there are likely to be multiple genetic mutations behind Alzheimer’s; there is likely only one mutation going on within a single family, which cannot simultaneously sit on two chromosomes. Giving up on Nature, Hyslop turned around and submitted the paper to Nature Genetics, where it was eventually published. But that detour cost him precious time and the opportunity to preempt others. Now his paper is only one of three.

Rejections by journal reviewers are common. As gatekeepers, reviewers are supposed to help journals uphold high academic standards. But what is scandalous in this case is that the reviewers were on one of the other two teams who also published in Nature Genetics about chromosome 14. In fact, these reviewers were none other than John Hardy, who first discovered the APP gene mutation, and his lab partner. Small world.

Rumor had it that St George-Hyslop felt that Hardy purposefully rejected his paper in order to buy time and finish his own paper. Hardy, on the other hand, maintained that his team had been on to chromosome 14 long before he saw anything published about it.

Remember that this neck-and-neck race concerned only the suspect region on chromosome 14; the exact gene and mutation that reside there hasn’t been caught. Catching them, rather than wallowing in allegation and self-pity, would be the best revenge. St George-Hyslop did just that two and a half years later; this time, his paper was accepted in Nature, announcing both the gene and its ­mutation—and not just one, but five different mutations.22 The gene has since been titled PSEN1, as in presenile dementia.

As with APP mutations, once researchers knew where to look, additional PSEN1 mutations soon surfaced. To date, more than 150 have been discovered, and one of them is responsible for the suffering of Paisas in Colombia. Compared with APP mutations, PSEN1 mutations are far more prevalent. They account for up to 70 percent of early-onset Alzheimer’s, whereas APP mutations account for only about 10 percent to 15 percent.23 PSEN1 mutations are also particularly vicious, as endured by the Paisas: they accelerate disease progression, causing onset in one’s forties and fifties, and sometimes as early as the thirties.

In and of itself, the PSEN1 discovery was a victory, but what’s more encouraging is the subsequent realization that this gene is closely related to what we already knew about beta-amyloid. Recall what we said earlier—beta-amyloid is a fragment cut from the longer, amyloid precursor protein. This cutting doesn’t happen on its own; it requires enzymes that physically snip the long precursor. And that’s where the PSEN1 gene comes in: it codes for part of a cutting enzyme (called gamma-secretase). When PSEN1 mutates, it derails gamma-secretase. As a result, improper cuts are made on the precursor protein, creating harmful or excessive beta-amyloid fragments that accumulate into Alzheimer’s plaques.

The puzzle pieces are fitting together nicely.
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But one piece is still missing: the Reiswigs and their Volga German kin turned out not to have an APP mutation or a PSEN1 mutation.

Apparently, another gene is still at large.

This gene, the last one known to cause early-onset Alzheimer’s, was found very quickly, less than two months after the PSEN1 discovery. The person who found it was someone we’ve seen before: Gerald Schellenberg, who discovered the chromosome 14 suspect region but didn’t spot the PSEN1 gene on it. This time, Schellenberg went all the way, connecting the Volga Germans to yet another chromosome, chromosome 1, and zeroing in on the culprit gene.

There is a reason for Schellenberg’s extraordinary speed this time around.24 When the PSEN1 gene was found, two researchers involved in that study, Rudolph Tanzi and Wilma Wasco, searched the international gene depository GeneBank to see if they could find anything similar to PSEN1. Much to their surprise, they did. A computer query led them to an unidentified human gene that was 80 percent similar to PSEN1 in its DNA sequence. Tanzi and Wasco immediately suspected that this unidentified gene was a sister gene to PSEN1 and, very likely, the missing Volga German gene.

According to Tanzi, he was in possession of a Volga German brain and could easily have used it to test his theory, but he didn’t because he didn’t want to scoop his good friend Schellenberg, who had been chasing the Volga German gene for years and was getting close. So Tanzi phoned Schellenberg and let him in on the news about the sister gene. Schellenberg confirmed that this unidentified gene sat squarely in the chromosome 1 region that he had been examining. The two then went on to test their own Volga German brain samples to see if they could spot a mutation.

Good friends or not, when Tanzi and Schellenberg completed their separate testing, they didn’t trust each other to just blurt out the results in a phone call. Suppose that one person revealed his findings and the other confirmed them, how was the first person to know that the second person really had the same findings and wasn’t just repeating what he heard?

The two solved the conundrum by Schellenberg agreeing to share his findings on the phone while Tanzi agreed to FedEx a copy of his data to Schellenberg as evidence of his independent findings. With that arrangement, Schellenberg talked: he found a single-base mutation in the sister gene among the Volga Germans. Later that day, Tanzi’s FedEx was duly sent and showed the same results. A month later, their findings were published in Science, with both Schellenberg and Tanzi as senior authors.25 Their gene was later named PSEN2, a sister of PSEN1.

PSEN2 is similar to PSEN1 not only in DNA sequence, but also in biological function: it codes for part of the gamma-secretase enzyme that cuts beta-amyloid out of its precursor protein. Compared to PSEN1 mutations, PSEN2 mutations are rare, accounting for no more than 5 percent of early-onset Alzheimer’s cases.26 Still, the discovery was huge. It solved the Volga German mystery, solidified beta-amyloid’s role in the disease, and was another sign that researchers were on the right track.

As for Dr. Tanzi, despite his proclaimed loyalty to his friend, it must have been hard to share the discovery, to not be the one and only. More than a decade later, Tanzi spoke at a U.S. Senate hearing about Alzheimer’s disease. In the audience was Gary Reiswig, a survivor of the Reiswig family, who were among the human subjects used by Schellenberg and Tanzi to find the PSEN2 mutation.

For decades, Gary Reiswig had been fighting the war of Alzheimer’s on the personal front, losing his father, uncles, aunts, and cousins. For decades, he didn’t know where he himself stood with the mysterious disease, but he rallied the family to contribute to Alzheimer’s research. Naturally, Gary felt warm toward Tanzi, a fellow fighter who helped solve the mystery. After the hearing, he approached Tanzi to introduce himself, expecting some kind of acknowledgment, empathy, or comradery. Tanzi, not particularly interested, interrupted Gary and dashed off with some important parting words: “I found that gene, you know…. I did!”27

Good for you, Dr. Tanzi! And congrats and thanks to all the researchers who helped fish the three early-onset Alzheimer’s genes out of the water! Theirs are impressive achievements of modern ­science—made possible through their dedication and assiduous labor. But as their work creates bragging rights, media headlines, and springboards for research funds, the achievements of their human subjects are rarely celebrated. We see them as patients, victims, samples—we don’t acknowledge (not enough, at least) their heroic efforts to make modern science possible. Without their bravery and willingness to give up their lives and bodies for something that’s too late to benefit themselves, we would never have gotten to where we are today.


5

LATE-ONSET ALZHEIMER’S

My uncle didn’t participate in any research experiment. Twenty years ago, Alzheimer’s research was rare in China. It still isn’t widely prevalent today. Alzheimer’s may be the same human tragedy everywhere, but cutting-edge research, in many ways, is the privilege of a few. At the forefront are countries like the United States, Japan, Britain, and Germany.

These countries have the requisite infrastructure: equipment and supplies, databases and protocols, doctors and researchers. And they have sizable financial and social support for that infrastructure. In the United States, the National Alzheimer’s Project Act, signed into law in 2011, makes it a national priority to tackle Alzheimer’s, develop treatment, and improve diagnosis and care. Research funding has been steadily increasing, with the 2020 estimated federal budget reaching $2.6 billion, a nearly threefold increase from 2016.1 Social advocacy, through organizations such as the Alzheimer’s Association, drives public engagement and private donations.

China, by comparison, still lacks widespread social awareness of the disease, let alone research infrastructure. Labs, personnel, protocols, and long-term strategic plans will take years, even decades, to develop. In the meanwhile, the toll of Alzheimer’s has already caught up: as of 2010, 5.69 million Chinese were estimated to have Alzheimer’s, and with China’s large population base, that number will surge in the decades ahead.2

If one has to find a silver lining in these statistics, it is that the vast majority of these Alzheimer’s patients, in China and elsewhere, will not have their minds robbed in their thirties, forties, or fifties, the way that Volga Germans and Colombian Paisas do. For all the work done in the 1980s and 1990s fishing for the early-onset Alzheimer’s genes, their mutations explain a mere 5 percent of Alzheimer’s cases. By far, the majority of people we hear about, know of, or are close to have so-called late-onset Alzheimer’s, which doesn’t manifest until the patients are in their sixties—as if that’s “late” enough.

My uncle, struck at sixty-seven, by definition had late-onset Alzheimer’s. Having served in the military, survived the Cultural Revolution, and put in decades of honest work in a local factory, he was supposed to enjoy his retirement years. They were supposed to be golden. They were anything but.

When the diagnosis first came, I was in graduate school outside the country and didn’t give the news much thought. “Alzheimer’s disease,” which was commonly translated into Chinese as something along the line of “elderly dullness/retardation,” didn’t strike me as something serious. It sounded like something that we will inevitably get a little bit when we get old. And when we do, we become a little more forgetful, disorganized, and stubborn, as old people are. That’s the kind of misconception that prevailed then and still exists in China today.

Busy with classes, I didn’t get to visit my uncle until two years later. That’s when I realized how serious things were. My uncle still lived at home, but he could no longer recognize me, let alone talk to me. During my entire visit, he lay in bed facing the wall, moving very little and saying nothing but a few incoherent syllables. I was stunned that someone could change so much so quickly.

Of course, I wasn’t there to witness my uncle’s gradual descent. Years later, I would read about it in my cousin’s journal. It’s strange seeing someone you know turned into a victim. It’s like watching an imminent train wreck. It’s terrible, but you can’t look away. I saw my uncle at his dinner table, surrounded by his wife, children, and grandchildren, and yet he sat and ate as if he were alone, on a planet far far away. I saw him losing interest in mahjong, his favorite game, which he used to play with his mates for hours on end. I recognized the road that he got lost on and then lay down to rest, exhausted, while his family searched frantically for him.

In that moment, I started to remember something—an inkling of change in my uncle that I had seen several years before his diagnosis. He was once the chef at family gatherings, in command of the kitchen and proud of his cooking. He was never a big talker, but he did talk, especially after a few sips of his rice wine. Then, I don’t remember when exactly, he started to cook less and talk less. At family dinners, he became a stoic face, locked in silence and what seemed mild displeasure. I can’t be sure of my memories, but Alzheimer’s does start in subtle ways. And once started, it can take decades to play out.

For seven years, my aunt and cousins cared for my uncle at home, but eventually, it became too much, and he was admitted to a hospital care unit. Incontinent, oblivious, fed through a tube, and restrained so he wouldn’t pull out the feeding tube, my uncle never left. He passed away in 2016, ten long years after his diagnosis.
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Not related to my uncle by blood, I never stopped to think what his illness meant for me. And fortunately for my cousins, there isn’t too much for them to worry about either. Genetics have but a small hand to play in the world of late-onset Alzheimer’s. There is no grim chance of a 50 percent inheritance, as with early-onset cases. Instead, the number one risk factor is age: the older we get, the more likely we will be ill, simple as that. Among Americans aged sixty-five to seventy-four, 3 percent have Alzheimer’s; among those aged seventy-five to eighty-four, 17 percent do; among those eighty-five and older, 32 percent do.3

Viewed in this way, late-onset Alzheimer’s is a curse of the modern age. Improved living conditions and health care preserve our physical bodies, so now we live long enough to be robbed of our minds. It is as if evolution hasn’t quite prepared our brains for when human life expectancy raced forward. In 1900, the average American men and women could expect to live to forty-seven; in 1950, sixty-eight; and in 2010, seventy-nine.4 A century or so ago, people had no reason to worry about a disease that would strike in their sixties.

Tied to age rather than pedigree, late-onset Alzheimer’s is also called sporadic Alzheimer’s, a random and isolated condition that could strike anyone. But the word sporadic is a little misleading, for the disease is not entirely random; it does have some genetic origin. That fact we have known since the 1990s.

Back then, when most researchers were busy fishing for the early-onset Alzheimer’s genes, Allen Roses from Duke University chose to work with late-onset cases. This was a road less traveled because late-onset Alzheimer’s shows no clear pattern of inheritance. To fish for a gene, Roses and his team recruited eighty-seven unrelated patients across different families to see what genetic markers they tended to share. If they shared a marker more frequently than expected by chance, that marker may sit close to the genetic root of their disease.

Through this method, Roses’s team first narrowed their search in June 1991 to a suspect region on chromosome 19.5 Two years later, they pinpointed a gene in that region: ApoE (pronounced A-PO-EE).6 This gene directs the production of the ApoE protein, whose function is to bind with cholesterol and fat and deliver them to different parts of the human body for use.

Unlike the early-onset Alzheimer’s genes, ApoE does not mutate in late-onset cases. Instead, it is polymorphic—as in having multiple (poly) forms (morph). What this means is that the gene exists in several versions among the general population: ApoE2, ApoE3, and ApoE4. Of the three, ApoE3 is the most common, found in 60–90 percent of the world’s population; ApoE4 is less common, found in 10–20 percent of the world’s population; and ApoE2 is rare, found in only 0–20 percent of the population (frequencies vary in different geographical regions).7 Because we have two sets of chromosomes, we each have two chromosome 19s, and thus two ApoE genes. The two genes may be of the same version (for example, two copies of ApoE4) or different versions (for example, one ApoE2 and one ApoE3).

The three ApoE versions have slightly different DNA sequences, but they are all considered normal. In fact, polymorphism is common in nature. In humans, it results in different blood types like A, B, and O; in other animals, it can cause different colors and markings in the same species. That said, not all polymorphic versions are necessarily created equal, and some may make us more susceptible to certain diseases. That’s what Allen Roses found about one version of ApoE: ApoE4.

The finding came down to numbers and statistics. ApoE4 is significantly more prevalent among people with late-onset Alzheimer’s than those without.8 Among diseased individuals, 64–80 percent carry at least one ApoE4; among nondiseased individuals, only 31 percent do.9 The pattern becomes more telling when we look at different ApoE combinations. At zero copies of ApoE4, our chance of developing late-onset Alzheimer’s is about 20 percent; at one copy, that chance increases to 47 percent; and at two copies, the chance jumps to a whopping 91 percent.10 Because we inherit one ApoE from each parent, if ApoE4 runs in one or both sides of the family, we will have an increased risk for late-onset Alzheimer’s.

Not only does ApoE4 increase the disease’s risk, Roses found that it hastens its onset. At zero copies of ApoE4, the average age of onset is eighty-four; at one copy, onset comes earlier, at seventy-six; and at two copies, onset moves up to sixty-eight.11 If we must have Alzheimer’s, a later onset is obviously better. It allows us to enjoy more symptom-free years. It is also a practical way to escape the disease altogether. It sounds a little cruel, but a delay of five or ten years means that a number of us will die of old age and other ailments before getting Alzheimer’s. Having seen my uncle, I’m convinced those are better ways to go.

Shortly after denouncing ApoE4, Roses and his colleagues sent more encouraging news: another version of ApoE, ApoE2, is significantly more common (16 percent) among people without Alzheimer’s than those with (1 percent).12 In other words, carrying ApoE2 appears to protect us against late-onset Alzheimer’s.

Roses’s findings were initially met with suspicion—they sounded too simple and uncomplicated, too good to be true. But they were validated in study after study and soon became the standard for estimating late-onset Alzheimer’s risk, with these major principles:

• ApoE3, the most common version of ApoE among the general population, is a neutral player and has no effect on disease risk.

• The less common ApoE4 is a troublemaker, increasing disease risk.

• The rare ApoE2 is a do-gooder, reducing disease risk.

Different ApoE combinations and their conferred risks are estimated in Table 5.1.13 The ApoE3/ApoE3 combination is assumed to have a neutral risk of 1, and other combinations confer higher or lower risk. It is interesting to see that if we have both the good ApoE2 and the bad ApoE4, our risk still increases 3.2 times.

Table 5.1 ApoE combinations and their estimated risk for late-onset Alzheimer’s



When looking at these numbers, it is important to remember that they are generalized estimates. Depending on race and gender and on individual people, the actual risk will change. Caucasians and Asians, for example, are acutely affected by ApoE4; African Americans and Hispanics, however, are less so.14 Women in general are also more acutely affected by ApoE4.15 This may be another reason why more women than men develop Alzheimer’s, beyond the fact that women tend to live longer. At the level of individuals, we need to remember that ApoE4 increases our risk, but it does not cause late-onset Alzheimer’s. Similarly, not carrying an ApoE4 does not mean that a person is home free. Across forty studies of mixed races and genders, 13–42 percent of people with two copies of ApoE4 were free of Alzheimer’s, while 10–44 percent of people without a single ApoE4 still developed the disease.16
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With these caveats, we return to Roses’s simpler conclusion: in the general scheme of things, what kind of ApoE we have matters. But why? The short answer is: we aren’t sure. Given the breakthrough that we have made on beta-amyloid, researchers naturally suspect that ApoE and beta-amyloid are connected.

There is some evidence that they are. The ApoE protein and beta-amyloid protein fragment can bind to each other, so we know that these two substances physically interact.17 Moreover, ApoE4 carriers develop more plaques in their brains than noncarriers, which seems to suggest that ApoE status somehow affects beta-amyloid buildup.18

But that’s where we are stuck. Since Roses’s discovery, lots of studies have tried to uncover how ApoE affects beta-amyloid buildup, but they yielded different (no, contradictory) findings.19 Some suggest that ApoE prohibits beta-amyloid buildup or facilitates its removal from the brain. ApoE4 is a risk factor because it is an inadequate ApoE—a sluggish worker not very good at its job. Others, doing a 180-degree turn, suggest that ApoE promotes beta-­amyloid buildup or hinders its removal from the brain. ApoE4 is a risk factor because it is a super-ApoE, a model worker highly proficient at its job. Or perhaps both are true, and ApoE has dynamic functions that exist on a continuum. Depending on the cellular environment, ApoE may sometimes increase beta-amyloid buildup and sometimes decrease it.

If a verdict ever comes in, Allen Roses won’t be around to hear it. He passed away on September 30, 2016, from a heart attack at Kennedy International Airport, en route to a medical conference in Greece.20 He was seventy-three years old.

The New York Times ran a short piece on this formidable researcher upon his passing.21 It doesn’t say much that I didn’t already know about Roses and his accomplishments, but my jaw dropped when I read that in 2009, Roses took out a $500,000 loan on his family house in Durham, North Carolina, to support his research on Alzheimer’s. That kind of dedication you do not see everywhere. Rest in peace, Roses, and send us much good luck for the road ahead.


6

THE PARADIGM

Standing in his lab in St Mary’s Hospital, assistant professor John Hardy was trying to isolate DNA from a tissue sample. A basic procedure, this task is often delegated to student assistants or low-level technicians. Then again, with his casual outfit and lack of skill at the work, Hardy might well be mistaken for a clueless student.

Hardy had been studying the brain for a long time, but not as a geneticist. While a doctoral student at Imperial College London, he was trained as a neurochemist. What’s the difference? A neurochemist works at the level of brain chemicals such as the reward messenger dopamine, not at the level of DNA. Approaching Alzheimer’s as a neurochemist, Hardy was examining the changing chemical messengers and other abnormalities in the Alzheimer’s brain; as Hardy put it, he was doing forensic investigation after a car crash to find out what caused the crash.1 Back then, there was no better way.

Then 1983 came, and a better way appeared. That year, a major breakthrough was made in the study of Huntington’s, a neurological disease marked by cognitive decline, uncontrolled movements, and emotional outbursts. Using linkage analysis (see chapter 4), Huntington’s researchers had just connected the disease to a genetic marker on chromosome 4.2 Suddenly, there were more to look at than just a broken windshield and skid marks. Peeking out through the aftermath of the crash is a genetic origin, the promised cause of the disease. As researchers quickly realized, what had worked for Huntington’s could work for Alzheimer’s too, and thus started the hunt in the 1990s for the Alzheimer’s gene (or genes).

Inspired by the new approach, Hardy also joined the search, but as he was not trained as a geneticist, he had to learn molecular neuroscience and genetics from square one. So here he was, starting with extracting DNA. As he continued to struggle, Hardy heard the sound of conversation from down the corridor. He recognized the voice of Bob Williamson, his department head and mentor. Bob was saying enthusiastically to someone, “I’d like to introduce you to somebody I think is going to be the future of British molecular neuroscience. I think he’s a really talented person and I think he is going to be the go-to person. So if you ever need to have an editorial written about the future of neuroscience … this is who I’d recommend.”3 With that, the door opened. Standing there were Bob Williamson and Peter Newmark, editor of the prestigious scientific journal Nature. And Bob said, “Peter, let me introduce you to John Hardy.”4

Decades later, Hardy would recall the incident with a hearty laugh. “It was such total bullshit. It was such total bullshit,” he kept saying.5 But Bob was dead right. In 1991, Hardy made one of the greatest breakthroughs in modern neuroscience, uncovering the first mutation in the amyloid precursor protein (APP) gene that causes early-onset Alzheimer’s. The discovery was published in none other than Nature.6 Today, John Hardy undoubtedly is one of Britain’s and the world’s most renowned geneticists, and indeed the go-to person for Alzheimer’s and other neurological diseases. He is the head of the Molecular Neuroscience Department at University College London and the 2015 winner of the $3 million Breakthrough Prize in Life Sciences.

The APP mutation study that shot Hardy to stardom is the typical scientific research article. It describes, in minute detail, what experiments were conducted and how, as well as what facts emerged. Namely, a mutation was discovered in two early-onset Alzheimer’s families; the mutation is a single DNA base change in the APP gene, which causes the gene to produce a slightly different APP protein right where the protein is cut by enzymes to shed beta-amyloid.

Given these findings, Hardy thought that beta-amyloid buildup must be the cause of Alzheimer’s, both the early- and late-onset types. However, he couldn’t quite say that out loud in the article. A scientific research article demands facts, not beliefs, and Hardy didn’t have all the facts. How exactly does the APP mutation cause beta-amyloid to build up; how does the buildup then cause neuronal damage and cognitive decline; and where do the fibrils that grow inside neurons, the other hallmark of the Alzheimer’s brain, come from?

These questions were on Hardy’s mind when he visited the United States in late 1991 to give a talk at the National Institute on Aging (NIA). While there, he met and befriended a researcher named Gerald Higgins. Higgins was doing interesting animal studies with the APP gene. He found that by inserting this gene into mice and overexpressing it—and thus overproducing beta-amyloid—he was able to induce plaques, fibrils, and neuronal damage in the mouse brain and turn it into something just like the human Alzheimer’s brain.7

These animal findings impressed Hardy, and the two agreed that they should write a paper together on beta-amyloid; it would not be a research article, but more of an opinion piece.8 Higgins contacted a friend who was an editor at Science, a high-caliber journal on par with Nature, to see if it would be interested in publishing such a piece. It was. Hardy and Higgins went immediately to work, finishing the paper in a mere one week’s time.9

In April 1992, the paper came out, in a section of Science called “Perspective.” It was a short paper, barely two pages long, with one image. But it would become one of the best-known articles on Alzheimer’s research. In the twenty-eight years since its publication, it has been cited over 3,600 times, while articles from the same time period have been cited, on average, sixty-nine times.10

Aptly titled “Alzheimer’s Disease: The Amyloid Cascade Hypothesis,” the paper officially gave birth to the amyloid cascade hypothesis, the single most influential hypothesis on the cause of Alzheimer’s, both the early- and late-onset types.11 In confident and fast-paced language, the paper explains that the buildup of beta-amyloid is the common first step in a cascade of events that causes Alzheimer’s. This cascade is captured in figure 6.1. Hardy and Higgins acknowledged that late-onset Alzheimer’s is not directly caused by a beta-amyloid-related genetic mutation, but they suggested that external events such as head trauma or injury could initiate beta-amyloid buildup.




   
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




   

FIGURE 6.1 The beta-amyloid cascade

At least two other previous papers had outlined a similar cascade, but they are not nearly as famous.12 Why? They included finer and more complex details, used more qualified language, and contained more citations, which made the articles several times longer and appear several times less confident. Hardy and Higgins’s piece, by contrast, was “simple, clear and short…. even a venture capitalist or a corporate CEO can read to the end of it.”13

Between Hardy’s 1991 APP mutation article and this 1992 perspective piece, the facts about beta-amyloid had not changed much. Hardy still didn’t know what he hadn’t known a year earlier, but what he couldn’t prove in a research article, he could speculate about in a perspective piece. And the speculation was bold. It made a leap of faith that association equated causation. Yes, evidence clearly showed that beta-amyloid is associated with (or related to, or involved in) Alzheimer’s, but association does not necessarily mean causation. Rather than a cause, beta-amyloid buildup may simply be a pathological feature of the Alzheimer’s brain. Rather than a killer, a trigger of neuronal damage, it may be the tombstone, the result of neuronal damage.

Despite its boldness, or rather probably because of it, Hardy and Higgins’s hypothesis is mighty attractive. It is the epitome of Occam’s razor—given two explanations for an event, the simpler one is more likely to be correct. Their explanation is simple because it follows a straightforward, linear process, as shown in figure 6.1. It is simple because it appeals to everyday logic and common sense:

• The Alzheimer’s brain harbors numerous beta-amyloid plaques. These plaques shouldn’t be there. Ergo, they can’t be good for the brain.

• APP mutations change the amyloid precursor protein right where the protein is cut to shed beta-amyloid. Ergo, the mutations must have led to abnormal beta-amyloid production, and then the plaques. Indeed, shortly after Hardy and Higgins’s paper appeared, cell studies demonstrated that some APP mutations increase beta-amyloid production by six to eight times.14

• Early-onset patients carry beta-amyloid genetic mutations, and they develop a severe form of Alzheimer’s. Late-onset patients have a milder form of the disease, so they too must have something wrong (but less so) with their beta-amyloid.

• People with Down syndrome have an extra chromosome 21, and thus an extra APP gene, and many of them develop Alzheimer’s as they age. Ergo, the extra APP gene must be at fault, probably by overproducing beta-amyloid.

Last but not least, the amyloid cascade hypothesis is attractive because it offers a clear path toward treatment. If beta-amyloid buildup is the cause of Alzheimer’s, then all we need to do is remove the buildup or stop it from happening in the first place. That would break the cascade, stop downstream events, and prevent (and maybe even cure) the disease.

[image: image]

In the beginning, all was dark. There was no form or shape. Winds blew from all directions. Water flowed from everywhere. It was chaos. It was confusion.

Before the genesis of the amyloid cascade hypothesis, that’s what it felt like in the world of Alzheimer’s research. People were pursuing thoroughly different leads for what may cause Alzheimer’s: a slow virus, aluminum exposure, accelerated aging.15 There was no real science, at least not according to science philosopher Thomas Kuhn. Kuhn believes that before real science can happen, there must exist a paradigm—a scientific model that is sufficiently convincing to attract people away from competing models.16 A paradigm determines the questions worthy of study and establishes common knowledge and standard methods that allow people to study those questions.

In the amyloid cascade hypothesis, a paradigm was born, allowing what Kuhn calls normal science to happen. During normal science, people focus their attention on the small array of questions that the paradigm deems important. Freed from distraction and guided by shared understanding, they investigate those questions in depths that are not otherwise possible.17 Discoveries are made and verified, creating still more shared understanding to advance the paradigm.

Inevitably, anomalies—findings that a paradigm and its established knowledge cannot explain—also arise.18 When they do, the paradigm must revise itself to accommodate the anomalies. Successful revisions make a paradigm stronger because it can now explain more phenomena, and with greater precision. Persistent failure to explain anomalies will stall normal science and eventually crumble a paradigm.

Shortly after the birth of the amyloid cascade hypothesis, one tiny anomaly arose: cell studies showed that not all APP mutations overproduce beta-amyloid. Some do, but most don’t.19 In other words, there is no simple cascade of genetic mutation → excessive beta-amyloid → beta-amyloid buildup → Alzheimer’s disease. Instead, most of the APP mutations change the kind of beta-amyloid being produced.

Up to this point, we have treated beta-amyloid as if it were a singular substance. But in reality, it is not. Beta-amyloid is cut from the amyloid precursor protein, and depending on the precise location of the cut, beta-amyloid can exist in subtypes of slightly different lengths. The most common subtype is beta-amyloid 40, so called because it is forty amino acids long (recall that amino acids are the building blocks of a protein). Next in line is beta-amyloid 42, which is slightly longer, at forty-two amino acids, and is “stickier” and more prone to buildup.20 Normally, beta-amyloid 40 accounts for 80–90 percent of the total beta-amyloid in the brain, followed by beta-amyloid 42 at 5–10 percent.21 This ratio changes when the APP gene mutates: the longer, stickier beta-amyloid 42 increases, at the expense of beta-amyloid 40.22

In the face of this finding, the amyloid cascade hypothesis quickly upgraded itself to version 2.0. In that version, the quality, not quantity, of beta-amyloid was the key. The increase of beta-amyloid 42, rather than a total increase of beta-amyloid, became the cause of plaque buildup and cognitive decline in Alzheimer’s.

Version 2.0 is bolstered by the 1995 discoveries of PSEN1 and PSEN2. These two genes, as discussed in chapter 4, direct the production of an enzyme called gamma-secretase, which cuts beta-amyloid out of its precursor protein. To be more precise, the cutting is a two-step process, as illustrated in figure 6.2. Another enzyme, beta-secretase, makes the first cut, followed by gamma-secretase.


   

   
	
	
	
	
	
	
	
	
	
	
	
	
		
	
		
	
	
		
	
	
	
	
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




   

FIGURE 6.2 Two-step process of cutting beta-amyloid

When PSEN1 and PSEN2 mutate, gamma-secretase malfunctions, and cutting derails at step 2, creating more of the longer and stickier beta-amyloid 42,23 exactly as version 2.0 predicts.

[image: image]

Normal science continued. But more, and harder, anomalies soon had to be explained.

If the cause of Alzheimer’s is excessive beta-amyloid 42, which easily clumps into plaques, then the number of plaques found in the brain ought to correlate with Alzheimer’s disease progression. That is, more plaques → greater brain damage → more cognitive decline. This, however, turns out not to be true.24 In fact, autopsy studies showed that beta-amyloid plaques are quite common in old age and exist in cognitively healthy individuals. According to these findings, 25–30 percent of nondemented older adults have enough plaques in their brains to qualify for a pathological diagnosis of Alzheimer’s, but they display no outward symptoms—like Sister Mary.25

Sister Mary was a devout Catholic at the School Sisters of Notre Dame convent in Baltimore.26 Born in a German immigrant, working-class family, Sister Mary was the oldest of eleven siblings. She entered the convent at the age of fourteen and took her religious vows at nineteen. From then until the age of seventy-seven, Sister Mary taught grade school full time. After that, she worked as a part-time math teacher and teacher’s aide until she was eighty-four. She then returned to the same convent that she joined as a young girl. There, she remained kind, happy, active, and alert. One day, she “wondered out loud to her doctor if perhaps he was giving her medicine to keep her alive, and after all, her desire was to be with Jesus. Her doctor replied, ‘Sister, it’s not my medicine that’s keeping you alive. It’s your attitude!’”27

In 1991, when Sister Mary was ninety-nine years old, she and 677 fellow Notre Dame sisters began participating in an aging study known, fittingly, as the Nun Study. Conducted by researchers from the University of Kentucky, the Nun Study examines, among other things, factors that contribute to Alzheimer’s. After attending a meeting where the researchers explained the purpose of the study and, especially, the importance of each sister to donate her brain at death for autopsy, Sister Mary was the first to say “Sign me up!”28

As part of the study, Sister Mary undertook various tests, which showed that she was cognitively intact—superior, in fact. Her score on the Mini-Mental State Examination, a commonly used cognitive test, was 27, well within the normal range of 24–30. Despite her advanced age, her overall test scores were equal to or higher than the average of the other sisters.

Seven months after her last test, at the age of 101, Sister Mary’s wish came true. She joined Jesus as she longed to do, but she left her brain behind for science. When researchers opened up Sister Mary’s brain, they were astonished. Weighing only 870 grams (compared to the other sisters’ average of 1,120 grams), the brain was riddled with beta-amyloid plaques.

Someone has to explain this.

Bruce Yankner at Harvard Medical School thought he could. Since the late 1980s, he had been convinced of something: beta-amyloid is toxic. When Yankner and his team added high-concentration beta-amyloid to cultured neurons or injected it into rat brains, masses of neurons simply withered and died, as if poisoned.29 It is a very intriguing theory, and it attracted other researchers trying to replicate Yankner’s findings. But not everyone succeeded. Those who did stood by the intriguing discovery, and those who didn’t claimed that the theory was far-fetched.

It took a decade for the controversy to resolve itself.30 It turned out that beta-amyloid’s toxicity comes and goes depending on where beta-amyloid is in the process of clumping together. When beta-amyloid is first cut off from its precursor protein and free-floats in the brain, it is not toxic; when it starts to settle and build up, it turns toxic; and when it continues to build up into larger, insoluble plaques, the toxicity disappears again. This is why people had inconsistent results: depending on how or how long they prepared the beta-amyloid for examination, its toxicity may or may not have kicked in or may have already faded.

This elusive toxicity is presumably the answer to the condition of Sister Mary’s brain and ushered in the third and most recent version of the amyloid cascade hypothesis. In version 3.0, a new suspect emerges: beta-amyloid oligomers.

The word oligomer literally means “a few [oligo] parts [mer].” It describes a molecular complex composed of multiple small parts. Each small part is the same and is known as a monomer (mono means “single”). Each beta-amyloid fragment cut from a precursor protein is a monomer. As these monomers stick to each other, they form oligomers—the intermediate stage where toxicity sets in. Oligomers vary in how many monomers they pack in themselves, but generally, that number is not large. For example, an oligomer may be a dimer (containing two monomers), a trimer (containing three monomers), or a 12-mer (containing twelve monomers). As beta-amyloid oligomers continue to grow and accumulate, they become plaques.

According to version 3.0, the toxic oligomers, rather than the final plaques, are the culprit in Alzheimer’s. In fact, some go so far as to say that plaques are actually “brain pearls.”31 Just as an oyster creates pearls to seal off irritants, a brain builds oligomers into plaques to rid itself of toxicity.

In support of version 3.0, studies showed that beta-amyloid monomers, including the sticky beta-amyloid 42, are not harmful. If anything, at low levels, they are important for normal brain function. When added to cultured neurons, they helped immature neurons grow and protected mature neurons from overstimulation.32 These findings explain an important anomaly that earlier versions of the hypothesis couldn’t: beta-amyloid exists naturally in humans. If it withstood the test of natural selection, it must exist for a reason.

It is only when the natural production of beta-amyloid monomers is disturbed that things go wrong. In early-onset Alzheimer’s, genetic mutations increase the ratio of sticky beta-amyloid 42. As a result, monomers more easily clump into and stay as oligomers, exerting prolonged toxicity before growing into plaques.33 In late-onset Alzheimer’s, there is no genetic mutation, but we do have the risk gene ApoE4 (discussed in chapter 5). Although ApoE4’s exact function still eludes us, studies suggest that it can stabilize beta-amyloid oligomers and prolong their toxicity.34 In fact, Alzheimer’s patients who are ApoE4 carriers have up to seven times more beta-amyloid oligomers in their brains than noncarriers.35

As oligomers form, they are believed to cause havoc in the brain.36 They disturb neuron receptors, which are tiny structures on the surface of neurons that process biological signals. They snuggle into and damage synapses, which are crevices between neurons where brain signals are exchanged. Oligomers even poke holes in the neuron cell membrane, allowing abnormal ions to flow through and damage neurons. Any one of these events occurs, and our cognitive function goes out the window.

Rat studies support these scenarios. In one study, researchers compared the effect of beta-amyloid monomers versus oligomers in some smart rats.37 These rats were trained to press two tiny levers a certain number of times alternately (for example, pressing one lever six times and then the other six times). If they linger on a lever after the required presses, that’s a lingering mistake; if they jump the gun and switch too soon, that’s a switching mistake. Only perfect performance is rewarded with food. After the rats had mastered the skill, they were injected with either beta-amyloid monomers or oligomers. On that very day, rats who received oligomers started to flunk at the task. Compared with earlier records, their switching mistakes increased by 173 percent, and lingering mistakes by 215 percent. On the other hand, rats who received beta-amyloid monomers were not fazed.

In humans, ethical guidelines forbid such manipulation, but studies of Alzheimer’s patients suggest that brain oligomer levels correlate with the degree of neuronal damage and cognitive decline.38 Moreover, nondemented older adults generally have low levels of oligomers in their brains.39

Once again, normal science continued.

[image: image]

Without a doubt, the amyloid cascade hypothesis faces unanswered questions. Most cripplingly, precisely what we mean by oligomers remains unclear.40 The formation of beta-amyloid oligomers depends heavily on the external environment. Because of the different chemicals, temperatures, times, and other factors involved in synthesizing or isolating oligomers from brain tissues, we have on our hands a variety of oligomers, from 3-mers to 24-mers, from round structures to ring-shaped structures.

Worse, there is no one way to identify these oligomers, as different researchers have come up with their own names and brands: type 1 oligomers, type 2 oligomers, beta-amyloid*56, and others. The oligomer used by one lab may overlap with that used by another, but they are called by different names. Alternatively, two labs may think they are using the same thing when they aren’t. With these confusions, we have no idea which oligomer is the toxic agent to blame in Alzheimer’s.41

Despite these issues, at present, the amyloid cascade hypothesis is able to explain, and connect, a wide variety of findings about Alzheimer’s as no one else could. Through multiple revisions, it has managed to meet anomalies where they arose and hold onto its paradigm status.

Plus, in medical research, perfection is not that important. We don’t just have disinterested scientists pursuing the ultimate truth; we have profit-driven companies sponsoring research for drug development and millions of patients waiting for those drugs. What is more important is to have drugs that work—or work reasonably well. For that, we don’t need to know everything about a disease, just enough to break it—or so the idea goes.
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ELI LILLY AND MICE

In the heart of Indianapolis, Eli Lilly’s headquarters sports a spacious courtyard, beautiful lawns, and a peculiar-looking office complex. The complex’s centerpiece is a high-rise block. From the sides of this block grow two small blocks, from those grow two smaller ones, and then two even smaller ones. This expanding building is a fitting metaphor for the company’s history. From its humble beginnings as a two-story drugstore in 1876, Eli Lilly undertook scores of mergers, acquisitions, and investments to become today’s international pharmaceutical conglomerate.

The company is best known for its antidepressant Prozac, which entered the common lexicon as a synonym for “pick-me-up.” Lilly’s erectile dysfunction drug Cialis is also famous for being effective for up to thirty-six hours, earning the nickname “the weekend pill.” In between these products, Lilly developed drugs for heart disease, diabetes, tumors, and arthritis. Although somewhat faded in the public memory, the company’s earlier drug production is equally distinguished. Medications that we take for granted today—insulin, penicillin, and the Salk polio vaccine—were all first mass-produced by Lilly.

With offices across the globe and products marketed in over 100 countries, Lilly raises annual revenues in the tens of billions of dollars. Before Prozac’s patent expired and generics appeared, the drug brought in $2.6 billion a year.1 Cialis, in the company’s recent financial reports, racks up $2.5 billion in annual sales.2 Lilly’s antipsychotic medicine Zyprexa, in its patent-protected years, boasted $5 billion in annual global sales; even with generics on the market, the drug’s sales amount to around $1 billion.3 With Alzheimer’s, Eli Lilly aspires to earn financial rewards in the same ballpark.

If billions of dollars seems too good to be true for a disease that supposedly affects only “old people,” think again. With rising life expectancies throughout the world, we, as a species, are getting old. In 2000, 600 million people worldwide (9.9 percent) were sixty years old or older; in 2015, 900 million (12.3 percent) were; and by 2050, an estimated 2 billion (21.5 percent) will be.4

More to the point, in the United States, more than 5 million people currently live with Alzheimer’s, a number that is projected to increase about 2.5 times by 2050.5 Global estimates vary wildly, given different reporting practices among countries. But roughly 30 million people worldwide are living with Alzheimer’s today; by 2050, that number is projected to double or perhaps quadruple.6 This large and fast-growing patient base translates into ready drug consumers. As a chronic condition, Alzheimer’s can last years or decades, and so would the need for medication. Imagine two pills a day, 365 days a year, for ten years, taken by 30 million people worldwide; Eli Lilly can expect to do very, very well.

Even more attractive is the state of the Alzheimer’s drug market. As mentioned in chapter 3, the current Alzheimer’s drugs are all palliative bandages that have only marginal, short-lived effects. Anyone who can come up with a cure would have an instant market monopoly.

Naturally, Eli Lilly is not the only contender here. Other big pharma firms such as Pfizer, GlaxoSmithKline (GSK), Merck, and various biotech startups are eyeing this lucrative market. But if anyone has a chance, Eli Lilly sure does, with its celebrated history and strong foothold in drug development. Over the last decade, Lilly has registered more than forty Alzheimer’s drug trials with the U.S. Food and Drug Administration (FDA).

Forty may not seem like a huge number, but it is more than respectable considering how much time and money go into mounting such studies. To start with, companies must pinpoint a chemical product that promises to work, which they do by trying thousands of possible candidates and using their understanding of a particular disease. Once identified, this product is put through preclinical tests to verify its effects (both good and bad). Two types of tests are conducted. First come cell and tissue studies, the so-called in vitro testing—in vitro is Latin for “within the glass,” referring to conducting studies in test tubes and other lab equipment. If in vitro results are favorable, the product is then tested in vivo, which is Latin for “within the living.” Usually, nonhuman animals are the first to bear the brunt of a drug’s potential risks. Guinea pigs were once the animal of choice—hence the use of the expression “guinea pigs” to refer to subjects of an experiment. Today, guinea pigs have all but retired from labs and enjoy lives as family pets; their rodent cousins, mice and rats, are the new guinea pigs.

If animal results are favorable, clinical trials with human subjects finally begin, which is itself a multiphase process regulated by the FDA.7 In phase 1, a drug is tested in a small group of volunteers (20–100 people) for several months to evaluate its safety. Pending satisfactory phase 1 results, the drug enters phase 2 and is tested in a larger group (several hundred people) to see if it delivers therapeutic effects and continues to be safe. This phase can last from several months to two years. With satisfactory phase 2 results, the drug enters phase 3 and is tested in an even larger group (300–3,000 people) to confirm its efficacy and safety. This phase generally lasts several years. If phase 3 trials are successful, the drug may finally move into the market. Each of these phases, especially the later ones, costs pharmaceutical companies enormous amounts of money for recruiting participants, administering drugs, monitoring responses, and collecting and analyzing data.

Despite all this work and money, more clinical trials fail than succeed: about 70 percent of trials move from phase 1 to phase 2, 30 percent of those move from phase 2 to phase 3, and 25–30 percent of the remainder pass phase 3.8 All in all, less than 6–7 percent of trials survive the entire ordeal. It is a gamble—in fact, the odds are worse than gambling. Pharmaceutical companies embrace the risk because of the potentially high payoff: with one big success—and an Alzheimer’s drug would be more than big—they could recoup all their losses.

Luckily for Eli Lilly, they have an edge in this game.
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Because a crucial step in drug development is in vivo animal testing, suitable mouse or rat subjects are a precious commodity. Rodents, however, do not develop Alzheimer’s in nature, so we can’t use ordinary mice or rats to test the effect of an Alzheimer’s drug. What we need are rodents that are genetically modified to develop humanlike Alzheimer’s brain pathologies and dementia symptoms. By re-creating the disease in living, breathing rodents, we can then test the effects of our drugs and hope that the effects will transfer to humans.

But forcing nature to go wrong turns out to be no easier than stopping nature from decaying. Mistakes—and scandals—lined the path toward engineering mice with Alzheimer’s.

By the early 1990s, we already knew that mutations in the amyloid precursor protein (APP) gene cause early-onset Alzheimer’s (see chapter 4), so that’s where we went first to manufacture transgenic Alzheimer’s mice. Researchers tried different methods. Some inserted the human APP gene into mice and overexpressed it to produce excess beta-amyloid. Others inserted the gene into mice and modified it to alter the resultant beta-amyloid.

From these efforts, two “successes” emerged. The first was headed by researchers from Molecular Therapeutics Inc. in Connecticut. They inserted a select part of the APP gene into mice and induced beta-amyloid buildups similar to those seen in the human Alzheimer’s brain. Their work was published in a July 1991 issue of Science,9 but eight months later, the researchers realized that they had made a mistake: apparently, the strain of mice they used in the study naturally develop beta-amyloid buildups when they age. Substituting this strain for a different one, the researchers failed to reproduce the buildup.10

The second “success” was announced by researchers from Mount Sinai Medical Center and the National Institute on Aging (NIA) in a December 1991 issue of Nature.11 By inserting a select part of the APP gene into mice and overexpressing it, these researchers created transgenic mice that exhibit the whole package of the Alzheimer’s brain: beta-amyloid plaques, fibril tangles, neuronal damage—everything.

But no sooner was the paper published than criticism followed. The point of contention was a set of micrographs used in the study that supposedly displayed transgenic mice brains beset by plaques and tangles. But critics thought that the brain tissues shown looked more like human brains than mouse brains. To wit, the paper was accused of passing off actual human Alzheimer’s brains as false evidence of having created transgenic Alzheimer’s mice!

Of the paper’s three authors, the one in charge of analyzing the mouse brains and creating the micrographs was Gerald Higgins, from the NIA. Remember him? He coauthored, with John Hardy, the famous, two-page opinion paper that gave birth to the beta-­amyloid hypothesis in the first place (chapter 6). Higgins scrambled to reproduce his mouse tissue results and prove himself innocent. He couldn’t, nor could he provide more convincing evidence from the original research. The paper was retracted, a misconduct inquiry was made12, and Higgins quietly left his job.

Ironically, in deceit (or so it was believed), Higgins played a significant role in contemporary Alzheimer’s research. His probable fraud with the mice was an important inspiration behind the seminal paper that he and Hardy wrote to usher in the beta-amyloid paradigm. The paradigm remains today, but no one knows where Higgins is. As Hardy recalled, the last time he saw him, Higgins was interviewing to become an administrator at the National Association for Stock Car Auto Racing (NASCAR) in Florida—a scientist he is no more.13

Out of this crumbling mess, Eli Lilly and its business partner, Athena Neuroscience, arose. Athena was a California-based biotech company, and truly a dark horse. It had promising transgenic technology but was short on cash. For its part, Lilly had the deep pockets and drug pipeline. The two entered into an agreement to develop an Alzheimer’s mouse model: Athena would hold the rights to the mouse, and Lilly would use the mouse for drug development and share with Athena whatever drug proceeds emerged.14 In early 1995, their mouse was born and debuted in Nature.15 Over a dozen colorful micrographs were published to show that their mouse, which carries a mutated human APP gene, actually does develop Alzheimer’s-like pathologies. Wary of the Higgins scandal, the paper printed, side by side, micrographs of the human Alzheimer’s brain and the transgenic mouse brain.

This mouse model, named the PDAPP mouse, develops extensive beta-amyloid plaques, which increase as the mouse ages. The plaques are concentrated in the brain regions most severely compromised by Alzheimer’s: the hippocampus, the center for memory formation; and the cerebral cortex, which controls language, learning, reasoning, and planning. The mouse also develops other Alzheimer’s pathologies and symptoms, including damages in neurites, those slender projections on neurons that receive and send brain signals; loss of synapses, the connections between neurons where signals are exchanged; and memory impairment, as measured by maze and other cognitive tests.

Standing to profit from Eli Lilly’s Alzheimer’s drugs, Athena was in no hurry to share its mice with others. As researchers elsewhere grumbled, Lilly had swiftly gotten a head start on the development of gamma-secretase inhibitors.
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INHIBITORS THAT CAN’T INHIBIT

The year 2008 was a big one for Eli Lilly: that year, their Alzheimer’s drug semagacestat entered phase 3 human trials. Going this far is an achievement for any drug. It’s even more special when the drug is the first gamma-secretase inhibitor to get there.

As the name indicates, gamma-secretase inhibitors inhibit gamma-secretase, which, as mentioned in chapter 6, is one of the two enzymes that cut beta-amyloid out of its precursor protein. By inhibiting gamma-secretase, Lilly hoped to interrupt the cutting, stop beta-amyloid production, and thus terminate Alzheimer’s disease.

Two separate phase 3 trials got underway, recruiting more than 2,600 participants with mild-to-moderate Alzheimer’s.1 Lilly duly followed the gold standard of clinical trial protocols, making the trials placebo-controlled, randomized, and double-blind.

A placebo-controlled trial assigns participants to either a treatment group or a control group. The treatment group receives the trial drug; the control group receives a placebo that has no therapeutic effect (aka a “sugar pill”). With this setup, if the treatment group got better and the control group didn’t, we can be more certain that the effect is caused by the drug rather than some random factors.

A randomized trial avoids bias by randomly assigning participants to the treatment or control group. Without random assignment, a company might, for example, put younger participants in the treatment group and older ones in the control group. The treatment group is then likely to perform better regardless of the effect of a drug.

If the participants do not know which group they are assigned to, they are blind. Blinding reduces the power of suggestion, which can skew trial results. If someone knows that she is taking an experimental drug, she may feel that she is getting better and actually become better. Alternatively, she may feel that she is having side effects and get worse. In a double-blind trial, the researchers also do not know which participants are in which group until all the data have been collected—or even analyzed. This reduces researcher bias during drug administration (which may subtly influence participants) and data analysis (which can seriously influence data interpretation).

In semagacestat phase 3, Lilly had multiple treatment groups taking different doses of the drug. The plan was to continue dosing for 1.5 years in order to demonstrate the drug’s long-term benefits on cognition and daily living. In 2010, midway through the trials, Lilly undertook a preplanned interim analysis to see how participants were doing.2 To their astonishment, the treatment groups were in fact declining more than the controls, and those who received the higher doses of semagacestat declined the most. Instead of treating or curbing Alzheimer’s, the drug seemed to be worsening and accelerating it. Just as alarming, the treatment groups developed more serious side effects, including skin cancer.

Eli Lilly quickly terminated the trials and ceased all further development of semagacestat. (By the way, the treatment groups saw no reduction in brain beta-amyloid either,3 so the drug also failed at its very premise: inhibiting gamma-secretase and stopping beta-amyloid production.)

How did a drug that couldn’t perform its basic function and actually worsened cognitive symptoms get this far—didn’t we say in chapter 7 that in drug trials, a rigorous process is put in place to weed out drugs that don’t work? That’s a good question.
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Eli Lilly did jump through all the hoops in the case of semagacestat. They had cell and animal studies that confirmed the drug’s working mechanism.4 In testing with PDAPP transgenic mice, the drug did reduce beta-amyloid production.5 The more semagacestat the mice took, the more reduction happened—a typical sign that a drug is doing its job. The drug also passed the phase 1 human trial with flying colors, reducing beta-amyloid production among twenty healthy volunteers.6

Then—setback. In an initial phase 2 trial, seventy participants with mild-to-moderate Alzheimer’s were randomized to semagacestat or placebo.7 The semagacestat doses were set at 30 mg for one week and then 40 mg for another five weeks. At these doses, the drug was well tolerated, with few side effects. It also reduced beta-amyloid production. That said, the reduction wasn’t statistically significant. It went down, but not by much.

Eli Lilly had a ready answer for this disappointment: the reduction wasn’t significant because participants hadn’t taken enough of the drug. Accordingly, in a second phase 2 trial, Lilly more than doubled and tripled the dose and the dosing period.8 Despite these drastic increases, semagacestat still didn’t significantly reduce beta-amyloid. Moreover, at higher doses, side effects started to flare up. Particularly noticeable were complaints of rashes and hair color change.

To an outsider, these results might seem pretty bleak. But Lilly was far more positive and had another ready answer: the lack of beta-amyloid reduction was a timing issue. During the trial, beta-amyloid was measured six hours after the patients took the drug, which Lilly now considered too short for the drug to kick in. As for the side effects, the rashes and hair discolorations were reversible once the drug was stopped, and they were, after all, not very serious.

Arguing for the drug’s “potential” for therapeutic effect and “arguably acceptable” safety profile, Lilly jumped headlong into phase 3.9 The doses used in phase 3 were high, comparable to those used in the second phase 2 trial.

This was how Eli Lilly got to where they were. The checkpoints along the way were cleared by assumptions rather than evidence, and faith rather than data drove the process forward. But this still doesn’t explain why the drug worsened participants’ cognitive function. So the drug didn’t reduce beta-amyloid. Why would that make things worse?

No one knows for sure, but several explanations were put forward.10 One is that the trial participants, already frail because of Alzheimer’s, were further weakened by semagacestat’s side effects, and they underperformed on cognitive tests. Another blames the dosing regimen used in the trial. Participants were dosed once a day at a high dose, but the drug would clear their system in twelve hours, which means the amount of semagacestat in their system fluctuated drastically every day, which is suspected to mess up both beta-amyloid production and cognitive function.

However, the most popular explanation, by far, was one that shook the foundation of the drug. The premise behind semagacestat, like other gamma-secretase inhibitors, was that it suppressed gamma-secretase, which in turn stopped the cutting of beta-­amyloid from the amyloid precursor protein. But gamma-secretase doesn’t just cut beta-amyloid; it has other jobs too. In fact, it processes a long list of proteins involved in vital cell functions. Inhibiting gamma-secretase, then, will give us more than we bargained for.

Among the affected proteins is Notch. Notch was first discovered in fruit flies, and it was named after what it does: a mutated Notch causes the flies to develop notched wings. In humans, Notch regulates skin and hair follicle development. Disrupted Notch, therefore, is a likely cause for the rashes and hair discoloration experienced in the semagacestat phase 2 trial and eventually, as the dosing increased, skin cancer in phase 3 trials. Notch also has important cognitive functions, including regulating how neurons send, receive, and transmit signals.11 This would explain the worsened cognitive function in the phase 3 participants.

Post-semagacestat, and Notch-scared, big pharma was gloomy about the whole idea of gamma-secretase inhibitors.12 Some attempts were made to modify these drugs so they could better target the amyloid precursor protein and leave Notch alone, but the results were disappointing. Notably, Bristol-Myers Squibb developed a so-called Notch-sparing gamma-secretase inhibitor called Avagacestat, which supposedly was 190 times more selective toward the amyloid precursor protein than Notch.13 The drug, however, ended up as a rerun of the semagacestat disaster: at phase 2, the treatment group worsened in cognitive function and developed side effects including rashes and skin cancer.14 The drug was promptly scrapped, making it doubtful whether a gamma-secretase inhibitor could ever spare Notch.
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Lilly didn’t waste more time trying to find out. Pulling out of gamma-secretase inhibitor research, it went after another inhibitor. Remember that it takes two enzymes to cut beta-amyloid out of its precursor protein? There’s gamma-secretase, and then there’s beta-secretase (see chapter 6). Just as we may inhibit gamma-secretase to block beta-amyloid, we can try to inhibit beta-secretase. Naturally, these drugs are called beta-secretase inhibitors.

These inhibitors have been difficult to develop. It was relatively easy to make them work in a test tube. But in a living body, they have a hard time reaching the brain, where they are supposed to work. Blocking the way is a literal barrier: the blood-brain barrier, which is a wall made of tightly packed cells that separates circulating blood from the brain. This barrier is nature’s defense mechanism for the brain. It allows small molecules and elements essential for brain function to enter, but it keeps bacteria, toxins, and other invading pathogens out. Having large molecules, beta-secretase inhibitors can’t wiggle through the barrier.

But Eli Lilly succeeded in breaking through using a beta-secretase inhibitor with sufficiently small molecules. Known as LY2811376, it is the first beta-secretase inhibitor that can be taken orally and effectively reach the brain.15 When fed to PDAPP transgenic mice, LY2811376 was robust in lowering beta-amyloid production. The same was seen in a phase 1 human trial with thirty healthy participants. No side effects were reported except for a few relatively minor complaints, like headaches.

But just when Eli Lilly was about to launch phase 2, bad news came. In parallel with the phase 1 human trial, a study was conducted with rats to test LY2811376’s safety for long-term use. Unfortunately for the rats (and Lilly), after three months of dosing, the animals developed eye problems (i.e., enlarged and degraded retinal cells) and neuronal degeneration.16 The side effects were thought to happen because the drug inhibited not only beta-secretase but other, unknown, off-target elements.17

Lilly stopped further testing of LY2811376 but quickly refined it and put forward a second edition, dubbed LY2886721.18 This revised version was supposed to be better at targeting beta-secretase and sparing other elements in order to avoid side effects. Like its predecessor, the revised LY2886721 lowered beta-amyloid in transgenic PDAPP mice, and the same was seen in a phase 1 trial with healthy participants. Side effects were mostly minor, although two participants had temporary, abnormal liver enzyme levels.

With these results, Lilly advanced to phase 2 in early 2012, making LY2886721 the first beta-secretase inhibitor to get this far. A total of 128 participants with mild or very mild Alzheimer’s were recruited, and dosing was supposed to last six months.19

Alas, that plan too was jettisoned. During the trial, routine testing revealed several cases of liver toxicity, harking back to the abnormal liver enzyme cases in phase 1. This side effect was again thought to be caused by the drug’s interaction with off-target elements. Upon this finding, Lilly was not interested in making any more adjustments. It terminated the trial and stopped further development of LY2886721.

Eli Lilly was not the only one burned by beta-secretase inhibitors. Roche terminated one at phase 1 due to liver toxicity, and Johnson & Johnson pulled the plug at phase 2/3 for the same reason.20 Toxicity is not the only downfall either. Merck aborted its beta-secretase inhibitor at phase 3 due to interim analysis showing lack of cognitive effects.21 Similarly, in 2018, five years after LY2886721 failed, Lilly saw another beta-secretase inhibitor go up in smoke. Lanabecestat, jointly developed by Lilly and the UK-based AstraZeneca, was terminated at phase 3 when an interim analysis showed that the drug had no hope of improving cognitive function.22
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POISON OR CURE
An Alzheimer’s Vaccine

In some social circles, vaccination is treated with suspicion. By the playgrounds and swimming pools, parents speculate about how vaccination will weaken their children’s immune systems and make them sick. Anecdotes are shared, research (real and fake) is cited, and conspiracies are declared. The government is allegedly making vaccine-friendly policy to boost the sales of big pharma, who in turn contribute large sums to political campaigns, and provaccine medical researchers, which are many, are presumably all bought off.

Although provaccine myself, I understand why some parents are concerned. The basic premise of vaccination is to poison our ­bodies—albeit just a little, so the immune system can be kick-started. Once prepped, the immune system has a chance to fight a larger quantity or a stronger version of that poison.

The starter poison, in proper terms, is called an antigen. It can be derived from bacteria, viruses, and other harmful substances. When introduced into the body, an antigen stimulates the immune system to develop a corresponding protein, which is called an antibody. Different antibodies target different antigens and can either isolate them from body cells or tag them for destruction by other immune cells. The beauty of the immune system is that once an antibody has been manufactured, the body “memorizes” it and can produce it in short order when needed to preempt the same antigen strike, making a person immune to a particular disease.

By letting a starter poison into our bodies, we do take a risk. Usually, it is a weakened or inactivated form of bacteria, viruses, or toxins, and it doesn’t do much harm—a bit of swelling at the injection site, some muscle aches, for example. But there is a possibility that it will go rogue and get out of control. In rare cases, polio vaccines have mutated, traveled to the central nervous system, and caused paralysis, just as a regular polio virus would do.

Such cases are tragic, but they are also very, very rare. In medicine, as in life, when things go well, they are taken for granted, but when they go wrong, they commend attention. Global estimates for vaccine-associated polio are, on average, 4.7 cases per million births.1 Millions of kids who are spared polio by vaccination have nothing to show for because of their health, but the few who react badly to the vaccine endure profound suffering that is hard to overlook.

Even more unfortunate, these cases can become fodder for lies and fraud. In 1998, an article appeared in the prestigious British journal The Lancet, practically claiming that the measles, mumps, and rubella (MMR) vaccination triggered autism.2 According to the article, among twelve children who were previously healthy, nine developed autism after vaccination. The popular media had a field day covering the sensational discovery, and fearful parents pulled their children away from vaccination in droves.

But the paper turned out to be a lie—it was fabricated by its lead author, Andrew Wakefield, who was on the payroll of attorneys suing vaccine manufacturers and needing “scientific” evidence. In 2010, The Lancet retracted the paper, but by then, twelve long years had passed, the paper had been cited hundreds of times, and far-reaching public damage had been done.

Today, myths continue to circulate about the connection between vaccines and neurological diseases, including autism, epilepsy, multiple sclerosis, and indeed Alzheimer’s. On a 2005 episode of Larry King Live, comedian, television host, and political commentator Bill Maher blurted out that “if you have a flu shot for more than five years in a row, there’s ten times the likelihood that you’ll get Alzheimer’s disease.”3

I’m not sure where Maher got his intel; no published study can be found saying that. Such sensational findings would be highly publishable, so I can’t imagine any researcher passing up that opportunity. The only clue I can find is Hugh Fudenberg, another discredited researcher whose medical license had been revoked ten years earlier, in 1995. In 1997, Fudenberg spoke at the International Public Conference on Vaccination held in Arlington, Virginia, where he spread the flu shot–Alzheimer’s ruse4 but never produced any study to support his claim.

Fortunately, this nonsense never traveled very far. Had it gained traction in public opinion, Dale Schenk would have never seen the light of day for his idea.
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Growing up in Glendora, California, Dale Schenk is the son of a firefighter and a journalist.5 His sister is an artist and his brother is an automotive shop owner, making him the only scientist in the family. When he was a teenager, Schenk made a career choice between piano, a longtime hobby, and medical research. Besides wanting to help people, he thought, “piano is a hard row to hoe.”6

After receiving his PhD in pharmacology and physiology from the University of California, San Diego, Schenk went to work for Athena Neuroscience as a staff scientist in 1987. Remember Athena? That was the small biotech company that developed the PDAPP transgenic mouse in partnership with Eli Lilly (discussed in detail in chapter 7). In 1996, Athena was acquired by Elan Pharmaceuticals, a Dublin-based pharmaceutical company. Schenk followed and eventually became Elan’s chief scientific officer.

In many ways, Schenk resembled Dr. Alois Alzheimer: a generous colleague, a curious researcher, and someone with a good sense of humor. One of his colleagues at Elan recalled:


We were on a bus in Kyoto, Japan, setting out for a day of serenity and visiting temples. A bewildering array of buttons with mysterious symbols were embedded in the back of the seat facing us. Out of the corner of my eye, as if in slow motion, a finger floated by, targeting a particularly interesting one of them. I thought “Oh, no. Dale, NO!” Sure enough, the bus screeched to a stop, and all the other, mostly Japanese, passengers stared at us. Dale had, of course, pressed the emergency stop. His mischievous curiosity just couldn’t resist the urge to see what would happen. He disarmed everyone with a big, goofy laugh, the whole bus joining in.7



Without this mischievous curiosity, the urge to see what would happen, one would never have dreamed up what Schenk did: a vaccine to immunize people against Alzheimer’s. The way that Schenk imagined it, he would inject human beta-amyloid into mice. Faced with this antigen, mice might develop an antibody against it. The antibody could then be harvested and used in humans to wipe out beta-amyloid and eradicate Alzheimer’s.

When Schenk shared this idea with his Athena/Elan colleagues, it was met with raised eyebrows and chuckles.8 People thought that it was so far-fetched, it bordered on ridiculous. Vaccines are used to prevent infectious diseases that spread from person to person, such as chickenpox and flu (and polio). The infectious nature of these diseases makes a preventive vaccine valuable. But Alzheimer’s is not contagious. The very idea of vaccination, then, seems wrong.

In addition, antibodies are large molecules. Even if some kind of beta-amyloid antibody could be raised, it would have a hard time getting past the blood-brain barrier to reach the brain. And even if it did manage to sneak through the barrier, who knows what damage this little poison might cause in the brain.

Schenk was imaginative enough to ignore this conventional wisdom. He was also fortunate because his employer owned the PDAPP Alzheimer’s mice that he needed for his experiments. These mice are genetically engineered to develop beta-amyloid deposits in the brain when they are six to nine months old, which is like middle age for mice. To test his idea, Schenck picked youngsters that were only six weeks old and gave them beta-amyloid injections.9 Almost miraculously, the mice raised functional antibodies. They grew up free of beta-amyloid deposits and other brain damage, dodging their genetic fate.

Inspired, but unsure what this finding meant to old mice who, as human patients, already had developed beta-amyloid deposits in their brains, Schenck injected beta-amyloid into eleven-month-old PDAPP mice.10 Amazingly, these animals also raised antibodies, which seemingly slowed—and even reversed—their disease progression. Several months after the injection, the mice saw a more than 96 percent reduction in their brain beta-amyloid. Compared with untreated mice, they also had a 55 percent reduction in neuronal damage. They seemed, for all intents and purposes, cured!

When Schenk’s findings were published, they were touted by news media as stunning, groundbreaking, and, above all, a sign of hope. Within the research community, a buzz was going around as researchers jumped on the previously unimaginable vaccine bandwagon. One burning question on everyone’s mind was, “So the vaccine reduced beta-amyloid in mice—does that actually help their cognitive function?”

To answer this, we resort to a mouse-sized puzzle: the Morris water maze. Named after British neuroscientist Richard Morris, this maze consists of an indoor circular pool about half full of water. A small platform is placed inside the pool, either above the water or hidden slightly underwater. A mouse is put in the pool and trained to find the platform. Signs can be posted on the walls to help orient the critter visually. Although mice are capable of swimming, they really hate doing it, so they try to get on the platform as soon as possible. How quickly they can find the platform, then, becomes a measurement of their spatial memory and learning.

In one water maze study, several cohorts of mice competed against each other: transgenic Alzheimer’s mice that already showed beta-amyloid plaques and cognitive deficit, the same transgenic mice immunized with beta-amyloid, and normal mice.11 Four rounds of competition were held over the course of 17 weeks. In each round, to add to the challenge, the platform was hidden in a different quadrant of the pool. When the results were tallied, the regular Alzheimer’s transgenic mice performed poorly, as expected. But the immunized transgenic mice performed significantly better—and sometimes as well as normal mice that do not carry Alzheimer’s mutations.

On the heels of these animal findings, Elan launched human trials. Its vaccine, named AN-1792, is a chemically produced beta-amyloid. In phase 1, Elan recruited eighty mild-to-moderate Alzheimer’s patients who were injected either different doses of the vaccine or placebo. Four injections were administered over a six-month period; four more were added over the next twelve months.12

Elan had two goals for the trial. First, find out if the vaccine, or a certain dose of it, could raise antibodies in humans as it did in mice. Second, find out if injecting disease-causing beta-amyloid into humans was actually safe. Both goals were realized—at least partially. After the initial four injections, about a quarter of the participants raised sufficient antibodies; after the additional four injections, a little over half did; and among participants who received a higher dose of the vaccine, 77 percent raised sufficient antibodies at some point of the study. Participants did report a long list of side effects ranging from rashes to agitation, but they were generally mild and happened to both the treatment and the placebo groups.

On account of these findings, Elan moved forward to phase 2 in 2001.13 Phase 2 adopted the higher dose of the vaccine tested in phase 1 and enrolled over 370 mild-to-moderate Alzheimer’s patients. Six injections were planned over a twelve-month period. In this trial, Elan wanted to further establish the safety of the vaccine and start assessing if it could clear beta-amyloid and improve patients’ cognitive function.

But this time, things fell apart. Four months into the trial, four people in the treatment group developed brain inflammation. Elan stopped the injections, but by then, most participants had received two or more doses. Subsequent follow-ups revealed that another fourteen people also developed brain inflammation with serious symptoms, including seizure and disorientation. Nobody in the placebo group had these side effects.14 The little starter poison, apparently, was doing a number on the brain.

Despite this safety fiasco, some of the trial’s findings were tantalizing. Even with limited dosing, about 20 percent of participants in the treatment group raised adequate antibodies. This cohort also performed better than the placebo group on one cognitive test, though not on other tests.15 If only we could figure out what caused the brain inflammation, this AN-1792 vaccine would still be very promising.

So, what went wrong? A case of death from the trial lives to tell the tale.
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In Catalonia, Spain, an anonymous seventy-six-year-old man signed up for Elan’s phase 2 trial.16 By then, he had lived with Alzheimer’s for three years and had moderate symptoms. Upon entering the trial, he was randomly assigned to the higher-dose vaccine group and received two injections within a month.

Six months after the second injection, his speech and gait inexplicably worsened. Another three months later, his movement, communication, and overall cognitive function grew worse still. Brain imaging tests showed that the man had developed brain inflammation. The condition calmed with anti-inflammatory drugs, only to return with a vengeance weeks later. At this point, he had become severely demented and was transferred to a nursing home, where he died two months later.

Upon autopsy, the man’s brain was found to contain a surprisingly low number of beta-amyloid plaques. It seems that Elan’s vaccine, although it had terrible side effects, did what it was designed to do: clean out beta-amyloid. Also found in the man’s brain were wildly activated T-cells. A type of white blood cell, T-cells are the brute force of our immune system. Some T-cells, the so-called Killer T-cells, attack and wipe out infected and damaged cells; others, the Helper T-cells, activate the Killer T-cells and coordinate their attacks. When T-cells are overstimulated, the immune system goes out of control and turns on itself, attacking not only diseased but healthy tissue. This condition is known as autoimmune responses.

This scenario, Elan figured, is what happened in their botched phase 2 trial: the injected beta-amyloid activated Helper T-cells, which then mobilized the immune system to attack healthy brain tissue, causing inflammation and rapid cognitive decline.

If so, all is not lost. We just need a vaccine that won’t trigger T-cells but will raise beta-amyloid antibodies. Thanks to the highly specialized way in which immune cells work, this is not impossible. T-cells work by zeroing in on certain parts of the beta-­amyloid ­protein, but they are practically blind to the rest of it. If we trim off the parts that T-cells recognize, we can avoid autoimmune responses. Meanwhile, beta-amyloid antibodies can still be raised because antibody production is the job of another type of immune cell: the B-cell.

Pharma, big and small, seized on this concept, jumped in to develop a second-generation vaccine that could bypass T-cells, and quickly emerged with prototypes. In animal testing, these products were safe, raised antibodies, cleared out beta-amyloid, and even reversed the animals’ cognitive impairment.17

Entering human trials, companies’ number one concern was not to repeat Elan’s mistake and end up with brain inflammation on their hands. To their relief, that didn’t happen. The T-cells were kept quiet while patients continued to raise beta-amyloid antibodies.18

But other, desirable markers were also being quiet and not changing. A vaccine developed by Novartis, a Swiss big pharma company, failed to reduce trial participants’ beta-amyloid or slow their cognitive decline, even after two years of dosing.19 Another vaccine by Pfizer/Johnson & Johnson suffered a similar fate. In fact, some vaccine recipients experienced more brain shrinkage.20 Facing these setbacks, some companies shelved their products and called it quits. Others hung onto the hope of tweaking a product that was at least safe. But the most bizarre move by far was made by an Austrian biotech company, Affiris.

Affiris had two vaccines named, quite literally, AD01 and AD02, as in “Alzheimer’s Disease 01 and 02.” Both drugs proved safe in phase 1, but AD02 performed better, so it was selected to move to phase 2.21 The phase 2 trial enrolled more than 300 early Alzheimer’s patients, who were randomized into one of four dosing routines: injections of AD02 at a low dose, injections of AD02 at a high dose, injections of placebo 1, and injections of placebo 2.22

After eighteen months of dosing, participants taking AD02, whether the low or the high dose, saw no cognitive benefit. But unexpectedly, one of the placebo groups experienced less cognitive decline and brain shrinkage. Things like this happen sometimes. A “sugar pill” group may have declined more slowly due to chance, or there could have been some statistical errors due to small sample sizes or incorrect analysis. Either way, the logical thing for Affiris to do was to declare the trial a failure.

But that’s not what Affiris did—in fact, they did the very opposite. In an astonishing move, the company proudly announced that it had made “nothing less than a breakthrough in Alzheimer’s disease therapy.”23 What was the breakthrough? The placebo! Supposedly, this sugar pill had been misunderstood all along. It shouldn’t be a placebo. It is, as Affiris’s trial proved, a superior Alzheimer’s drug.

Affiris promptly dubbed this formerly nameless placebo AD04 and declared its plan to pursue it for clinical development. So what is AD04? It is an adjuvant (a term coming from the Latin adjuvare, meaning “to help”). Adjuvants are often added to vaccines to help create a stronger immune response by, for example, increasing antibody production. On their own, however, adjuvants do not provide immunization. That’s why, on their own, they can be used as placebos. What kind of adjuvant is AD04? Affiris wouldn’t say. How does it provide cognitive relief? Affiris didn’t know.

Six months would pass before Affiris spilled the beans. Their mysterious AD04 was an aluminum salt, which is an aluminum-containing compound and common adjuvant used in vaccines.24 This revelation threw more irony to the story—because of a lingering suspicion among some that aluminum contributes to Alzheimer’s. Indeed, this idea fueled the rumor that flu shots produce Alzheimer’s.

Of course, it is not just vaccines that contain aluminum. Aluminum is abundant in the natural environment and found in everyday products ranging from baking soda, foil, and cookware to antacids, antiperspirants, and cosmetics. An aluminum-Alzheimer’s connection became known in the 1960s, when a study found that injecting an aluminum salt into rabbit brains caused Alzheimer’s-like brain pathologies.25 Then, in the 1970s, another study found elevated aluminum in human Alzheimer’s brains.26 This research became the foundation of a so-called aluminum hypothesis and inspired a wave of new studies. But rather than supporting the hypothesis, these studies poked holes in it. The abnormalities developed in rabbit brains upon aluminum injection turned out not to resemble those found in Alzheimer’s.27 Elevated aluminum in the human Alzheimer’s brains was also questioned and attributed to contamination from aluminum-containing chemicals used in the experiment.28

To find more solid evidence, researchers looked into the prevalence of Alzheimer’s in regions where drinking water contains elevated aluminum, in people with high dietary aluminum intake, and among workers who are exposed to aluminum dust and fumes. The results of these studies are wide-ranging. Depending on whom you listen to, aluminum is either a risk factor for Alzheimer’s, has no connection to the disease, or prevents Alzheimer’s.29

The more decisive evidence came from kidney failure patients.30 Normally, our kidneys can filter aluminum and remove it from the body via urine. But people with kidney failure lose this ability. If they are chronically exposed to aluminum-containing medications, they can accumulate high levels of aluminum in the brain, which lead to neurological dysfunction and death. But these patients do not develop beta-amyloid plaques or other Alzheimer’s-like brain pathologies. Their clinical symptoms are also different. They usually suffer from seizures, which are rare in Alzheimer’s; their deaths are imminent, about six months after initial symptoms present, whereas Alzheimer’s lasts years, or even decades. In other words, excessive aluminum in the brain is toxic and does cause neurological disease, but what it causes is not Alzheimer’s.

Given these findings, the aluminum hypothesis is all but abandoned by researchers today. Still, finding an Alzheimer’s therapy in aluminum is ironic. We don’t know what Affiris thinks about this backstory and its connection to their placebo-turned–aluminum drug. No update has been announced about AD04, and it is not listed among the company’s pipeline drugs.
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ELI LILLY’S THREE EXPEDITIONS

On September 30, 2016, Dale Schenk, the father of the Alzheimer’s vaccine, passed away at age fifty-nine of pancreatic cancer. It’s unusual that the passing of a so-called industry scientist, which Schenk was, would cast such a large, gloomy shadow. Industry scientists are often lesser-known “brains for hire,” tolling away as cogs in corporations big and small. University scientists, who are considered disinterested pursuers of knowledge (but in reality have various economic ties with industries), are the ones more likely to garner social respect. Not in Schenk’s case. On his passing, both kinds of researchers came forward to call him a dear friend, a visionary thinker, a brave pioneer, and, above all, a wonderful person.1

Schenk had big dreams. Just four years earlier, he had founded Prothena Biosciences, a company that commits to “harnessing the power of the immune system to fight progressive disease.” It was developing vaccines for a range of neurological diseases, including Parkinson’s and Alzheimer’s.

Schenk could no longer help promote these adventures. But he was also spared the details of Eli Lilly’s expeditions, the embodiment of his vision for an Alzheimer’s vaccine.
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August 17, 2010, John Lechleiter’s birthday, was not at all a good day for the fifty-eight-year-old chairman and chief executive officer of Eli Lilly. That day, the company announced the phase 3 failure of its gamma-secretase inhibitor semagacestat. Not only did the drug fail to slow cognitive decline, it worsened patients’ symptoms and caused skin cancer—likely because the drug disrupted the essential protein Notch (as described in detail in chapter 8).

Despite Lechleiter’s statements that “Eli Lily and Company remains financially strong” and “is even more determined” in the quest for Alzheimer’s treatments,2 the failure came at a terrible time. That summer, Lilly was facing patent expiration of its top-selling antipsychotic drug Zyprexa and antidepressant drug Cymbalta. As generics enter the market, a loss of $10 billion in revenue was predicted.3 It was time, Lechleiter declared, to “find our true grit.”4

Finding true grit amounted to laying off 5,600 employees during the next two years, shutting down old-time labs and plants, paying high dividends to keep investors happy, and working at top speed to push new patent drugs through the pipeline.5 From 2005 to 2014, a slew of drugs came out or entered late-stage trials: a low-testosterone drug, cancer drugs, diabetes drugs. Yet what attracted investors more than anything was a wild card, another Alzheimer’s drug: solanezumab.

What is solanezumab? It’s another vaccine, one that promises to detect and wipe out beta-amyloid and immunize people against Alzheimer’s.

But didn’t the latest vaccines all go belly-up, either causing deadly brain inflammation or offering no cognitive benefit? That’s true. But solanezumab is a different kind of vaccine.

The vaccines that we have seen so far work by injecting various formulations of beta-amyloid, the starter poison, into the body. The hope is to coax the immune system to develop beta-amyloid antibodies, which can then wipe beta-amyloid out of the brain. This is the so-called active vaccination: it is “active” in the sense that the body is raising antibodies and building immunity on its own.

Solanezumab, on the other hand, is a beta-amyloid antibody. It is collected from immunized mice and modified for human use. When injected into the body, it is supposed to go straight to helping clear out brain beta-amyloid. This approach is called passive vaccination: it is “passive” in the sense that the body is relying on outside help to develop immunity.

From active to passive vaccination, the basic belief in eliminating beta-amyloid and inoculating the body against Alzheimer’s didn’t change. But in practice, passive vaccination through drugs like solanezumab is thought to be safer and more effective.6

It is safer because we no longer slip poisonous beta-amyloid into our bodies, which means that T-cells won’t be overstimulated to cause autoimmune responses and brain inflammation. Because the drug is the antibody, each patient can be given a consistent dose of it for optimal effect, which is difficult to achieve with active vaccination, where individuals’ abilities to raise antibodies differ. By the same token, we can just as easily stop the drug and the influx of antibodies at the first sign of trouble, whereas in active vaccination, there is no easy way to quickly stop our bodies from producing antibodies.

Passive Alzheimer’s vaccines all have tongue-twisting names that look similar. Many end in mab, which stands for monoclonal antibodies, meaning that the antibodies were cloned from an identical cell. Preceding the mab are various letters that indicate the source of the antibody. The letter o, for example, means that an antibody was harvested from mice, and the letter u means that it was harvested from humans. If an antibody was collected from a nonhuman animal and modified to work in humans, the letters become zu. This is why Eli Lilly’s mouse-derived, modified-for-humans monoclonal antibody is called solane-zu-mab (I don’t know what solane means for Lilly).

In cell and animal studies, solanezumab did splendidly. It functioned as a sinkhole,7 attracting beta-amyloid and drawing it out of mice’s brains into their bloodstream. In transgenic Alzheimer’s mice, it also improved the animals’ memory.8

Mice, like us, are curious animals. Their natural tendency is to explore things that are new. When first given an object such as a small toy, mice take their time playing and interacting with it. Hours later, when given the same toy, they won’t be as fascinated by it anymore. If a new toy is handed to them along with the old one, the mice will naturally spend more time checking out the new toy. But there is a caveat to all this: the animal needs to remember which toy it has seen and played with. When it comes to aged, transgenic Alzheimer’s mice, they can’t remember. Having forgotten what they saw hours earlier, they would spend equal time exploring the old and new toys. Remarkably, a six-week treatment with solanezumab changed that. Aged, demented mice started to remember, and they acted almost the same as young, healthy mice.

For good measure, Lilly put the mice through another, more rigorous hole-board test.9 The test employed a small, 18-inch × 18-inch chamber with a floor insert. The floor had sixteen holes, four of which were baited with food. Through multiple sessions, mice were set loose in the chamber and tested on how quickly and accurately they could find the food. To make sure that the critters were using their brains rather than their sense of smell, testers put food in the other twelve holes too, but made them inaccessible through a screen.

The mice’s movements were closely tracked. If they entered a hole that wasn’t baited, that was an error; if they missed a baited hole, that was another error; and if they reentered a correct hole after having retrieved food from it, that was an error too. In this test, transgenic Alzheimer’s mice treated with solanezumab made significantly fewer errors than untreated ones. More remarkably, they did so after receiving only one dose of the drug. Quite the miracle.

Based on these superb results, human trials ensued. Phase 1 enrolled nineteen patients with mild-to-moderate Alzheimer’s, who were given a single injection of solanezumab.10 The drug was well tolerated, with no signs of autoimmune attacks or brain inflammation. Beta-amyloid in the participants’ blood increased sharply, which Lilly interpreted to be a result of the drug drawing beta-­amyloid out of the brain.

Swiftly, solanezumab entered phase 2, which enrolled fifty two mild-to-moderate patients, randomized to receive solanezumab or placebo.11 The dosing regime lasted much longer this time: three months. But the drug continued to be well tolerated, showing no serious side effects. Participants’ blood beta-amyloid also continued to rise, supporting Lilly’s belief that solanezumab was trapping brain beta-amyloid.

What solanezumab couldn’t do, though, was slow the participants’ cognitive decline. Lilly quickly explained that this was “not unexpected.”12 Any cognitive improvement, they asserted, wouldn’t be noticeable within three months. Over such a short period, the placebo group wouldn’t worsen enough to contrast the effect of the drug. Yes, the drug did work wonders in mice after a single dose, but human brains are far more complicated, so it’ll take much longer for that kind of improvement to happen—more like a year and a half, the time frame that Lilly set for its phase 3 trials.

Going all out, Lilly started two separate phase 3 trials in 2009.13 Not above sounding heroic, Lilly named the trials “Expeditions 1 and 2.” The two expeditions followed the same protocol. Each enrolled over 1,000 mild-to-moderate patients, who would randomly receive solanezumab or placebo for a year and a half.

For a nice change, there was no premature termination this time. Both expeditions ran their course, and the results came back in 2012. The Expedition 1 data came in first, and they didn’t look particularly good at first glance: solanezumab failed to improve the participants’ cognitive performance or daily living skills. But a closer look suggested that if we disregarded moderate Alzheimer’s patients who were further along in their disease and focused only on mild patients, the result was favorable.

At this time, Expedition 2 was still underway, so Lilly changed its plan to focus that trial’s statistical analysis solely on the mild patients. This change didn’t make a material difference to the ongoing trial, but it would allow Lilly to announce later that they had reached their “planned” goal of treating mild patients, which sure would sound better to investors.

With this change, things indeed got a little better. In Expedition 2’s mild patients, solanezumab improved daily living skills such as balancing checkbooks and preparing meals—as judged by one test, the Alzheimer’s Disease Cooperative Study–Activities of Daily Living.14 However, results from several other tests that measure both living skills and cognitive functions (for example, abilities to remember words and name objects) were still negative.15

Pushing the envelope, Lilly decided to pool the mild patients from both expeditions, which would give them a larger sample of about 1,300 participants.16 Maybe things would look better in this larger pool? Things surely did. This time, four tests came back favorable.17 According to these tests, solanezumab slowed patients’ decline in complex daily living skills (such as taking medication) by 18 percent and slowed their cognitive decline by 34 percent.18 Three alternative tests that measure overall living and cognitive functions, though, were still negative.19

Despite this mixed bag of results, mass media proclaimed Lilly’s Expeditions a major, landmark breakthrough. Solanezumab “cut the rate of the dementia’s progression by about a third,” exclaimed BBC News.20 The drug was declared as the first to slow the progress of Alzheimer’s by tackling its underlying cause; market entry was projected to happen in three years.21

But before Lilly could market solanezumab, they needed to collect more evidence and replicate the drug’s effect on mild patients. A third expedition was needed.22 Expedition 3 recruited only patients with mild Alzheimer’s. Over 2,000 people were enrolled and randomized to solanezumab or placebo for a year and a half.

When the trial results came back in November 2016, Lilly was sorely disappointed: solanezumab recipients did no better than placebo recipients. Dicing the data no longer, Lilly abandoned the plan to seek market approval for solanezumab and announced no further development steps.23

Following this announcement, the mass media took a 180-degree turn. “The failure of Eli Lilly and Co.’s Alzheimer’s treatment to slow declines in mental capacity of patients with even mild symptoms cast serious doubt” on its entire drug development approach, Reuters wrote.24 “Some Alzheimer’s experts … said they were not surprised by Lilly’s results,” the New York Times chimed in.25

Overnight, Lilly’s stock plummeted, dropping by 10 percent.26
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Elsewhere in the pharmaceutical world, other passive vaccines were not doing much better. Getting lots of attention was bapineuzumab, developed by Elan, the employer of the founding father of the Alzheimer’s vaccine, Dale Schenk.

A mouse-derived, modified-for-humans, monoclonal antibody like solanezumab (hence its similar name), bapineuzumab worked in a different way. Rather than drawing brain beta-amyloid out into the blood, it entered the brain and directly cleared out beta-­amyloid.27 At least, that was what appeared to happen in mice.

But as usual, things became complicated with the human trials. In phase 1, the drug was mostly safe and well tolerated, but at high dosages, it caused fluid accumulation in the brain.28 Lowering the dosage, Elan marched on to phase 2.29 But fluid accumulation still occurred. More vexingly, the drug did not slow the trial participants’ cognitive decline.

Like Lilly, Elan examined and re-examined its data, performed additional calculations, and emerged with more triumphant findings: the antibody did work on a subset of the patients—those who were non-ApoE4 carriers. As described in chapter 5, the ApoE gene exists in three possible versions: ApoE2, ApoE3, and ApoE4. ApoE3 is risk neutral, ApoE4 increases the risk of Alzheimer’s, and ApoE2 decreases the risk. Non-ApoE4 carriers, then, face a smaller disease risk, but a risk nonetheless.

Among non-ApoE4 carriers, bapineuzumab slowed brain shrinkage and cognitive decline, while ApoE4 carriers saw no benefit. In fact, ApoE4 carriers were also the ones more likely to develop the side effect of brain fluid accumulation. It is not clear how or why ApoE4 status would interfere with the drug’s function, but in making connections with this genetic risk factor, the finding is certainly interesting.

Around this time, bapineuzumab was purchased by Johnson & Johnson and Pfizer, who decided that the non-ApoE4 angle was strong enough to pursue further trials. Even if the drug worked only on non-ApoE4 carriers, that would still be a large patient—and ­consumer—base. Johnson & Johnson and Pfizer organized two phase 3 trials, one recruiting over 1,000 ApoE4 carriers and the other over 1,000 noncarriers.30 Within each group, the participants were randomized to get either bapineuzumab or placebo. It was double the work—but unfortunately also double the disappointment. After a year and a half, bapineuzumab did not slow either group’s decline. Carriers or noncarriers, it made no difference. With these results, the companies terminated further development of bapineuzumab.

In retrospect, and for someone who is not looking for favorable results, the ApoE4 finding from the early bapineuzumab trial was not rock solid. That trial was designed to test bapineuzumab’s effect on all trial participants, not a subset of them. When the drug didn’t work on all the participants, the researchers couldn’t very well change their minds after the fact to focus on non-ApoE4 carriers. Why? Because the more we play with data, the more likely that we will find something. If we come up with fifty different ways to dice a set of data into subsets and analyze them fifty different ways, then by chance, some of the tests will return favorable results. Dicing also reduces the amount of the original data and hence reduces its statistical power.

As a case in point, completely opposite findings regarding ApoE4 have turned up elsewhere. Tramiprosate, developed by the Canadian biotech company Neurochem, is supposed to treat Alzheimer’s by reducing beta-amyloid buildup.31 At phase 3, the drug failed to show cognitive benefits among more than 2,000 mild-to-moderate Alzheimer’s patients, but in further dicing and exploration, a subset of the patients stood out to have benefited: ApoE4 carriers!32 That’s right—although bapineuzumab worked only on noncarriers, tramiprosate was the very opposite.

True, the two drugs work differently, so there may well be good reasons why their interactions with ApoE differ. That said, it’s almost amusing that pharmaceutical companies can spin any story. If a drug has no effect on ApoE4 carriers, it’s because these carriers, given their risk gene, are genetically difficult to treat. If a drug does have a favorable effect on ApoE4 carriers, it’s because these carriers, given their risk gene, decline more rapidly, which underscores the effect of the drug. Either way, the drug is said to warrant further development.

So, whatever happened to tramiprosate? That itself is an interesting story. After the news broke that the drug failed to benefit all the participants in phase 3, Neurochem saw a more than 40 percent drop in its share price.33 But the savvy Canadian company rebranded tramiprosate, the Alzheimer’s drug, as Vivimind, the “memory-enhancing” nutritional supplement. As a supplement, Vivimind is not subject to stringent regulations and is free to enter the Canadian consumer market. A quick online search finds websites claiming that Vivimind is backed by fifteen years of clinical research, has “followed” (note: not “passed”) clinical trials all the way to phase 3, and was tested on more than 2,000 patients (never mind the results of that testing). A bottle of Vivimind once sold for more than Can$40, but it is out of stock in most online stores now.
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TAOISM AND TAU MICE

Taoism is China’s homegrown religion, believed to have originated from the teaching of Lao Zi (circa sixth to seventh century BC). Despite having deities and scriptures, to many Chinese, Taoism is less a religion than a school of thought, a way of life.

The central principle of Taoism is Tao, which means “the Way.” A nebulous concept, Tao is said to be the basis of all things, the flow of nature, and the essence of the universe. It is invisible and indescribable and can only be accepted and experienced. It sounds like the Western concept of the Force, made popular by the Star Wars film series, but it is different. Tao is said to simply exist and be, without effort or intention. To live in harmony with Tao is to engage in nonaction. A paradoxical concept, nonaction does not mean not acting; it means acting effortlessly, liberated from calculated intentions and material attachments.

If we allow it, we can find provoking parallels between Taoism’s nonaction and the gradual loss of purposeful intent and awareness typical of Alzheimer’s. As some caretakers believe, when patients decline, they do not lose the ability to be content; they just lose the obsession to seek contentment.1 If so, when our conscious mind drifts, we are not so much losing something that we are entitled to, as returning to the way we were when we first came into this world. Piece by piece, we give back the cognitive functions that we have gained since being newborn.

But what does this have to do with the cause of Alzheimer’s? Not much, except as a moniker. In fact, the moniker is not even spelled Taoism; it is Tauism.
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In 1906, when Alois Alzheimer looked into the microscope at Auguste Deter’s brain, he saw numerous plaques scattered between neurons, which we know today are beta-amyloid deposits. He also saw fibrils, or small fibers, growing inside the neurons. In some cases, only a few fibrils peeped out from a neuron; in other cases, they had completely overtaken a neuron, turning it into a hazy tangle. These tangles have since been observed in most Alzheimer’s brains. Together with beta-amyloid plaques, they are the two pathological hallmarks of Alzheimer’s.

Like beta-amyloid plaques, these tangles resisted study. Difficult to isolate and dissolve, they took seventy years after Alois Alzheimer’s observation to figure out.2 Interestingly, just like beta-amyloid plaques, tangles are abnormal protein buildups. In this case, the protein is called tau, whose name came from the nineteenth letter in the Greek alphabet, τ.

Tauism, then, is the hypothesis that tau, rather than beta-amyloid, is at the bottom of Alzheimer’s. The Tauism moniker was coined, half-jokingly, to rival Baptism, where Bap is an acronym for beta-amyloid protein. If the beta-amyloid hypothesis should have a sacred moniker, it is only fair that its biggest rival, the tau hypothesis, should as well, and what could be more contrary to Western baptism than Eastern Taoism?

This rivalry is fueled by the string of failed beta-amyloid trials discussed in earlier chapters. According to Tauists, these failures of Baptists are to be expected: their drugs are designed to stop Alzheimer’s by reducing, removing, or otherwise getting rid of beta-amyloid, but that’s futile because beta-amyloid does not cause the disease. It is the tau protein that does this.

Unlike beta-amyloid, whose functions we aren’t very sure of, tau’s function is well established: it binds to and stabilizes microtubules in the brain.3

What is a microtubule? It is exactly what its name says: a tiny (micro), tubelike structure. Rigid and hollow, microtubules form the skeletal structure that holds up a cell and gives it shape. In neurons, microtubules support axons, the long, slender antenna on a neuron that sends signals to other neurons.

If we imagine axons as paved highways where brain signals travel, then microtubules are the underlying metal reinforcements that support those highways. If tau malfunctions, microtubules will be weakened, axons will collapse, and brain signals will stall, causing cognitive decline. This, the tau hypothesis posits, is the real cause of Alzheimer’s.

What makes tau malfunction? The common belief is that tau acts up when too much of it is phosphorylated. A protein is said to be phosphorylated when it takes on a phosphate group, which is one phosphorus atom plus four oxygen atoms.

In the normal brain, phosphorylated and unphosphorylated tau is kept in balance. This is crucial because only the latter can bind to and stabilize microtubules. Once phosphorylated, tau loses that ability. Hyperphosphorylation thus weakens microtubules.4 Worse still, phosphorylated tau can direct unphosphorylated tau away from microtubules so the latter can’t perform its job either. Unbound, tau begins to clump together and form tangles that destroy neurons.5 Indeed, as studies show, the Alzheimer’s brain features an excess of phosphorylated tau, which is the main ingredient of tangles.6

Tau doesn’t just act up in Alzheimer’s. It happens in various other neurodegenerative conditions. Best known among them is probably chronic traumatic encephalopathy (CTE), featured in the 2015 film Concussion, starring Will Smith, about the effects of concussion on professional football players. The condition also frequently afflicts boxers and other athletes who play contact sports, who suffer repeated head injuries.

In many ways, then, tau is like beta-amyloid: both are protein in origin, and both build up into obnoxious clumps. If anything, tau’s damage seems more obvious in the Alzheimer’s brain: it literally breaks down neurons, whereas beta-amyloid plaques just sit between neurons. Moreover, tau tangles do not spread haphazardly in the Alzheimer’s brain. They stick to a consistent itinerary that, remarkably, corresponds with patients’ deterioration.7 The first stops of tau tangles include the navigation and memory hub of the brain (the entorhinal cortex and the hippocampus). Damage in these areas coincides with the early symptoms of Alzheimer’s: disorientation and memory loss. Tangles next attack the brain’s emotion center (the amygdala and other limbic structures), which parallels patients’ personality and behavioral changes. Finally, tangles target regions of the brain responsible for higher-order functions (the isocortical areas), and with that, the late-stage Alzheimer’s symptoms manifest: severe impairment of language, reasoning, and overall cognition. This perfect correlation seems bona fide evidence that tau tangles directly cause Alzheimer’s.

Given these points, why should Baptism and not Tauism be the research paradigm? What does beta-amyloid have that tau doesn’t?

For a while, the answer was genes. As mentioned in previous chapters, from 1991 to 1995, several genetic mutations were found involving beta-amyloid that cause early-onset Alzheimer’s. There is the amyloid precursor protein (APP) gene, which codes for the full-length protein from which beta-amyloid is cut. There are the PSEN1 and PSEN2 genes, which code for enzymes that cut beta-amyloid out of the precursor protein.

Tauists had no genetic mutations to speak of and were chaffed by Baptists for suffering from “mutation envy.”8 Then, in 1998, things looked up. That year, tau mutations were discovered in an inherited neurological disease called frontotemporal dementia with Parkinsonism.9 In this condition, neurons are damaged in two areas of the brain: the frontal and temporal lobes. As a result, patients suffer from cognitive impairment and Parkinson’s disease–like movement disorders.

Causing this disease are mutations in the MAPT gene (aka the microtubule-associated protein tau gene). This is the gene that directs the production of the tau protein. When it mutates, it begets a version of tau that is prone to phosphorylate, to build up, or to detach from microtubules.10

This discovery came as a welcome boost to Tauism, providing evidence that tau can cause cognitive impairment all on its own, without any help from beta-amyloid. In other words, abnormal beta-amyloid does not have to be the first, initiating step toward Alzheimer’s, as Baptists believe. However, there is an important caveat: in Alzheimer’s, the MAPT gene does not mutate. Although tau clearly goes awry and forms tangles in the brains of Alzheimer’s patients, their MAPT gene is just fine.

To try and explain this conundrum, Tauists need their own transgenic mice.
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Gregor Mendel (1822–1884), the posthumously recognized father of modern genetics, was a little-known Austrian monk during his lifetime. In his monastery garden, he planted peas, examined their traits, and established Mendel’s Law of Inheritance. Through his work with peas, Mendel demonstrated that genetic traits are separately and randomly inherited, and their dominant or recessive state determines the appearance of offspring.

What people may not know is that Mendel’s initial research subject was not peas. It was mice. Mendel bred them in his monastic room, observing how their coat colors were inherited. But his superior put a stop to that, ruling it indecent to have smelly creatures mating in a monastic cell.11 Mendel compliantly switched to peas, and in 1866, he published his findings in the botanic journal Experiments on Plant Hybridization. Because the journal was obscure, his work remained little known until it was discovered at the start of the twentieth century. Shortly afterward, the French biologist ­Lucien Cuénot confirmed that Mendel’s Law applied equally well to the inheritance of coat colors in mice.12

But neither scientist, nor any trained scientists for that matter, can be credited for introducing mice into the modern science lab. Mouse fanciers did that. Mouse fanciers are people who keep and breed pet mice for their unique coat colors and behavioral traits. The hobby originated in Asia, going back to at least seventeenth-century Japan, and later spread to Britain and the United States.13 Long before scientists showed any interest in mice, fanciers had figured out how to breed them in captivity and control their genetic profiles, which made the animals convenient subjects for research experiments.14 Most of the lab mice used today originated from fancy mice bred in the late nineteenth to early twentieth centuries.15

One American breeder, Abbie Lathrop (1868–1918), from Granby, Massachusetts, was especially noteworthy.16 A certified teacher, Lathrop quit teaching because of health problems. After leaving the classroom, she first attempted a poultry business, which failed. She then turned to breeding fancy mice and rats, initially selling them to pet owners, and then in large quantities to researchers. Her small farmhouse was known to keep more than 11,000 mice at a time.

Nicknamed the “mouse woman of Granby,” Lathrop was portrayed in the media as an eccentric, a woman who, unlike most, did not fear mice and indeed made a living by breeding them.17 What most didn’t know, or appreciate, was that Lathrop was a self-made scientist. She collaborated with the renowned pathologist Leo Loeb to perform cancer experiments on mice, and the two coauthored multiple research articles.

Apart from breeders like Lathrop, mice’s inherent qualities make them ideal lab animals. They are not picky eaters and can survive on a cheap diet. They breed year round and give birth to as many as a dozen in a litter. They tolerate inbreeding quite well, allowing precise selection of genetic traits. They grow quickly, reaching sexual maturity at one month and entering old age at one year. This last feature makes them especially useful for Alzheimer’s research. If we had to wait years (or decades) for an animal to grow old, that alone would grind Alzheimer’s research to a halt.

It also turns out that human and mouse genomes are surprisingly similar. Despite how highly we think of ourselves as an intelligent species, we are not very different from rodents genetically. We have essentially the same set of genes, and the individual genes are 60 percent to 99 percent identical.18 This may be ego-busting, but it is also good news for our health. We can manipulate mouse genomes to create human disease conditions and then use these transgenic mice to test for cures. This is the single most important use of mice in Alzheimer’s research.

The first transgenic Alzheimer’s mouse, the PDAPP mouse, was introduced in chapter 7. Since then, a string of others had followed, incorporating various beta-amyloid mutations. With the discovery of tau mutations, transgenic tau mice were also born. As much hope as Tauists put on their own mice, the tau mice actually complicated rather than clarified the tenets of Tausim.

Initially, Tauists thought that tau was essential for supporting microtubules and the brain information highway, but tau knockout mice—mice whose tau has been genetically removed—not only survive, but appear relatively normal. Apparently, if tau isn’t there to support microtubules, other proteins will step up and do the job.19 Therefore, damaged tau isn’t a big deal in and of itself.

Of course, this doesn’t exonerate tau malfunction. A case in point is hyperphosphorylation. Phosphorylated tau can attract proteins (tau or otherwise) away from microtubules so no one can support the information highway.20 In other words, tau may cause disease not because it lost its normal function, but because it gained an abnormal function.

Researchers studying mice that have a mutated tau engineered to phosphorylate would agree.21 At four months old, these mice develop hyperphosphorylation, notably in the amygdala, an area of the brain responsible for detecting fear. Consequently, the animals start to behave oddly, as if they no longer experience fear and anxiety. Normally, mice feel safe in dark, enclosed areas and fear heights and open spaces. But these transgenic tau mice appeared to lose this natural tendency. When placed in an elevated structure with both open and enclosed ledges—like a tall building with both open and enclosed balconies—they would choose to hang out on the open ledges.

Then again, not everyone blames phosphorylation. Mice with a mutated tau that is engineered to build up act as if what they got is more devastating. Normally, mice, like any animals, want to avoid pain. But these transgenic tau mice act like they don’t care in the shock chamber test. This test uses a specially designed chamber with two compartments. One compartment is safe. The other has an electric current running through its floor. If mice step into this compartment, they receive a shock to their feet. Once shocked, mice should learn to stay out of this compartment—unless they can’t remember the painful experience. Sure enough, mice that were prone to have tau buildup couldn’t remember and persisted in going back to the rigged compartment.22

Still other studies with tau mice remind us that tau buildup is not one uniform thing. As with beta-amyloid buildup (discussed in chapter 6), first we have tau monomers, which clump together into oligomers, which continue to grow and finally form tangles. Ever since Alois Alzheimer’s vivid description of tangles choking out neurons in Auguste Deter’s brain, we took “tangles, the neuron killer” for granted, but tau mice suggest something different.

In one study, mice that carried a mutated tau duly developed tangles, lost neurons, and suffered memory loss.23 When researchers turned off the mutation, the neuron counts stabilized and memory recovered. However, by this time, abundant tangles have already formed in the mice’s brains and continued to form—apparently causing no harm. Given this finding, some Tauists believe that what is harmful about tau buildups is not the end stage (the tangles), but the intermediate stage (the oligomers), which are toxic.24 Tangles, rather than a killer, may be the brain’s protective mechanism: by further growing oligomers, tangles try to reduce toxicity and protect neurons—but they failed. As neurons wither away, tangles are left behind to mark the failed rescue missions.

Here, we see striking parallels between the two rival hypotheses. While beta-amyloid plaques were once thought to be a killer, they are now considered tombstones that mark the killing of toxic beta-amyloid oligomers, or even “brain pearls” that protect neurons from oligomers. It is funny how much we can agree when we disagree.
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Transgenic Alzheimer’s mice, whether beta-amyloid or tau mice, are not perfect research models. Although mice and humans have highly similar genes, the way those genes are regulated to fulfill biochemical functions differs. More to the point, normal mice do not develop Alzheimer’s: when they age, they don’t lose memory, personality, or self-awareness. Even Alzheimer’s genetic mutations don’t hurt them as much as they do us.

In humans, a single APP, PSEN1, or PESEN2 mutation causes early-onset Alzheimer’s. But when we put one such deadly mutation into mice, the creatures are relatively unfazed. Yes, they develop beta-amyloid plaques and cognitive impairment, but they don’t show tau tangles, or the kind of massive neuron loss seen in the human brain.25 Mice with a mutated tau are the same—they develop tau tangles, neuron loss, and cognitive impairment, but they never grow the beta-amyloid plaques that beset the human brain.26

In order for mice to have the full package of Alzheimer’s pathologies, we have to put in them not one, but two or more mutations. Double transgenic mice, for example, carry both a beta-amyloid mutation and a tau mutation. It is questionable, though, whether these mice still have the human equivalent of Alzheimer’s, because multiple mutations do not naturally coexist in an Alzheimer’s patient.

With this backdrop, what mice tell us about Tauism must be taken with a grain of salt. What they do confirm is that Tauism, like Baptism, has its own share of contradictions and unanswered questions. But these won’t stop pharma from trying their hand at tau drugs. Who knows—when beta-amyloid drugs continue to fail, fixing the other hallmark of the Alzheimer’s brain may just take care of the whole problem.
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APPLES, OYSTERS,
AND UNDERDOGS

On July 28, 2016, Chris Smyth, science editor at the London Times, published an inspiring article headlined “Scientists create the first drug to halt Alzheimer’s.” In it, Smyth announced that a “drug has stopped brain deterioration in Alzheimer’s patients for the first time,” and mental decline “was halted for 18 months in some patients.”1 Soon, Smyth wrote, this twice-a-day tablet could “become the first medicine given to Alzheimer’s patients to keep the disease at bay for as long as possible.”

Readers of the piece were overjoyed and left online comments of relief, praise, and delight. Judging by these comments, many readers were older adults living in fear of Alzheimer’s or were families and friends of Alzheimer’s patients. When a few commenters dared to express doubt, others bitterly chastised them for dashing their hopes.

Meanwhile, Alzheimer’s researchers were surprised. How could something this fantastic reach the daily newspaper before they heard about it at conferences or through publications? Usually, that’s where a breakthrough is announced, to a peer audience, in order to stake a claim to the discovery. But as researchers realized what drug and study the reporter was referring to, their surprise turned to disbelief.

The story began properly a day earlier in Toronto, where the 2016 Alzheimer’s Association International Conference was in session. Scheduled to present at 4:30 that afternoon was Serge Gauthier, chair of the scientific advisory board at TauRx Pharmaceuticals. This Scotland/Singapore-based pharmaceutical company has an obvious business focus: tau drugs.

Gauthier’s presentation was eagerly awaited. He was about to reveal phase 3 trial results of LMTM, TauRx’s prize Alzheimer’s drug. Late-phase trials are always a big deal because of how close they are to market entry. In this case, the stakes were even higher because LMTM was the first tau Alzheimer’s drug to make it to phase 3. Amid a sea of beta-amyloid drugs, it is the crown jewel for Tauists.

News reporters were there as well, ready to broadcast the trial results to the world. But they didn’t have to wait all day. Before Gauthier’s formal presentation, he held a press briefing in the morning. That was where the Times reporter Chris Smyth obtained the material for his article proclaiming victory. Smyth must not have stuck around for the formal presentation. Had he stayed, he might have dialed the victory back—way back.
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What is LMTM? It is a tau aggregation inhibitor. As the name suggests, it inhibits and prevents tau from clumping together. In animal studies, LMTM was found to reduce tau buildup by 35 percent.2 Exactly how LMTM does this is murky. Some believe that the drug modifies the tau protein structure in a way that keeps individual tau monomers separate and nonsticking.3 Others think quite differently, believing that the drug stimulates the cells’ natural housekeeping mechanism to degrade tau.4 TauRx Pharmaceuticals wasn’t interested in doing basic research to get to the bottom of the drug’s mechanism. They were in a hurry to jump into human trials.

In fact, they were in a hurry to jump through human trials. No published data can be found on any LMTM phase 1 trials. A record of one phase 2 trial does exist, but it enrolled only nine people and was terminated early “for administrative reasons.”5 The company also published the results of another phase 2 trial, but that trial wasn’t about LMTM as it currently existed. It tested an earlier version of LMTM, which contains the same main ingredient but uses a different formula. According to that trial, the drug was generally safe, and at a dose of 138 mg, it was able to slow Alzheimer’s patients’ cognitive decline.6

Despite having so little to show for its efforts, TauRx Pharmaceuticals marched into phase 3. Two separate phase 3 trials were undertaken. The first enrolled about 900 mild-to-moderate Alzheimer’s patients from sixteen countries, who were randomly assigned to one of three treatments: placebo, 75 mg of LMTM, or 125 mg of LMTM.7 After fifteen months of dosing, the results came in, which were the focus of Gauthier’s presentation and Smyth’s Times article.

During Gauthier’s formal presentation, the first thing that he announced was that LMTM didn’t work: whether the 75-mg or the 125-mg dose, the drug didn’t slow the patients’ cognitive decline.8 This was disappointing but hardly unusual—other Alzheimer’s drugs with much stronger earlier-phase data have failed at phase 3.

But Gauthier wasn’t finished. He went on to say that the drug did work on a subset of the participants. Dicing participants into subgroups in order to achieve positive results is nothing new, as we have seen before. Still, the way that TauRx Pharmaceuticals arrived at their positive findings was something else. As Gauthier explained, most of the trial participants took standard palliative drugs on their own during the trial. These drugs, as mentioned in chapter 3, do not treat Alzheimer’s but offer minor symptom relief. When these participants were randomized to receive LMTM in the trial, they would, in a sense, be taking LMTM as a so-called add-on drug. A small percentage (about 15 percent) of the trial participants did not take any palliative drugs. These participants, when randomized to LMTM, would be taking LMTM as a so-called mono drug.

As Gauthier then stated, if we compare the LMTM mono-drug takers with the placebo group, the former benefited, showing less cognitive decline and brain shrinkage. These benefits held true for both LMTM doses tested. It disappeared only when participants took LMTM as an add-on drug. These findings, Gauthier concluded, proved that LMTM does work—it just needs to be taken on its own. That’s the conclusion that the Times reporter ran with.

At first glance, Gauthier’s story seems plausible. But, if we slow down and really think about the way that he compared the various subgroups, the story is off—way off. Indeed, as one researcher exclaimed, it’s “like comparing apples to oysters.”9

The key is the placebo group. Gauthier treated it as a single group to compare to the mono-drug group and the add-on drug group. But in reality, the placebo group was itself a mix: it included people who took palliative drugs and those who didn’t. Thus, to truly prove the effect of LMTM as a mono-drug, we need to compare people who took only LMTM and only placebo. This would be an “apples-to-apples” comparison.

Insisting on an apples-to-apples comparison is not just a formality. There are practical reasons for doing so. Palliative drugs are standard prescriptions in Alzheimer’s cases. If patients do not take them, it is often because they have stable symptoms or slow declines.10 In other words, the LMTM mono-drug participants might have declined less on their own, with no help from LMTM. Without an apples-to-apples comparison, we can’t rule out this possibility.

Aside from the apples-to-oysters comparison, the so-called mono-drug effect was probably skewed by another factor. At the conference, Gauthier was asked if there was anything unique about his mono-drug participants. Gauthier was evasive in his response.11 At one point, he said that there was nothing unique about them. At another point, he admitted that many of them lived in Eastern Europe and Malaysia. In a later publication, Gauthier revealed that precisely 56 percent of the participants came from Russia, Poland, Croatia, and Malaysia.12

This geographical pattern is significant. People from these regions have limited access to dementia care. As a result, when they are given the opportunity to enter a clinical trial, they do so with high expectations for the trial drug. Reacting to that optimism, their bodies and brains actually performed better—the classic placebo effect. Similar cases have happened before, in which a trial drug would appear to work in Russia but fail in the United States and elsewhere.13

So there you have it—the first-ever phase 3 trial of an anti-tau drug. There was more drama than science. And like many good dramas, a sequel awaits, for TauRx Pharmaceuticals still has that second phase 3 trial.

This second trial has roughly the same design as the first. It enrolled 800 mild Alzheimer’s patients, tested a different LMTM dose (100 mg), and lasted eighteen months.14 The trial results were to be presented in December 2016, in the balmy coastal city of San Diego, at the Ninth Clinical Trials on Alzheimer’s Disease (CTAD) conference.15

Highly anticipated, the presentation was given the first spot in the oral presentation session—where it sure succeeded at getting people talking. With a sense of déjà vu, attendants sat and heard the company representative admit that, compared with placebo, LMTM failed to slow cognitive decline. But, once again, it succeeded as a mono-drug!

You would think that in this second go-round, TauRx had refined its statistical analysis and done a true apples-to-apples comparison. Nope: it was the same apples-to-oysters nonsense, comparing LMTM mono-drug takers to the entire placebo group. If the company had made an honest mistake before, they had no excuse this time. Attendees at the presentation “were horrified at how the data had been sliced.”16 Many said emphatically that the so-called mono-drug effect “was at best based on a wrong comparison and, at worst, bogus.”17

But TauRx wasn’t done. A bigger surprise was to come: participants who received placebo and did not take palliative drugs also had less cognitive decline. You heard that right—another placebo had turned therapeutic, after Austrian company Affiris’s aluminum salt (chapter 9).

What was in this placebo? A tiny amount (4 mg) of the same LMTM drug. This is, of course, highly unusual. Ordinarily, a placebo contains no therapeutic ingredients, let alone the same drug being tested. But that arrangement won’t work for LMTM because, when ingested, LMTM turns a person’s urine blue. By simply visiting the bathroom, participants would know if they had received LMTM or placebo, which would screw up blinding and skew the trial results.

To mask the drug, TauRx Pharmaceuticals came up with the clever idea of adding 4 mg of LMTM to its placebo. At this tiny dose, LMTM is capable of turning urine blue but is not supposed to have any therapeutic effects.18

On that point alone, the company admitted that it made a mistake. Apparently, 4 mg is all it takes—4 mg of LMTM was just as potent as 100 mg and slowed cognitive decline just as well.19 Normally, if a drug works, a higher dose would get a stronger response, so the finding that 4 mg and 100 mg of LMTM were equally effective is itself a red flag.

TauRx Pharmaceuticals was not bothered by these gaping holes. Because 4 mg of LMTM worked equally well and, being a tiny dose, is safer, the company decided that they would ditch the higher doses and pursue a further trial with 4 mg of LMTM. The trial, dubbed LUCIDITY, started in 2018 and is ongoing as of this writing.

The decision makes no sense. Nothing about the LMTM trials did—except that a company was grasping at straws to stay afloat. To pursue a placebo is something to hook investors and bargain a potential buyout with, whereas to admit failure is the end of the road, as underdogs of the pharmaceutical world well know.
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Noscira was founded in 2000. A small, private company based in Madrid, its four executives and five board members are either medical doctors or academics holding PhD degrees. It is the typical biotech startup, which relies on intellectual expertise for financial survival. Noscira’s focus is on central nervous system disorders, including Alzheimer’s. Its target is tau—more precisely, tau phosphorylation.

Phosphorylation, as mentioned earlier, is believed by some Tauists to be the real culprit behind Alzheimer’s. Excessive phosphorylation makes tau (and other proteins) incapable of supporting microtubules. As a result, axon highways collapse and brain signals stall. Meanwhile, phosphorylated tau builds up and damages neurons. Given this scenario, if we keep tau from phosphorylating, we can stop the relentless march of Alzheimer’s. This is the premise behind Noscira’s drug, Tideglusib, which is a phosphorylation inhibitor and a major type of Alzheimer’s tau drug.

Phosphorylation being a complex process, many enzymes are involved. Some directly attach phosphate to tau; others modify tau’s structure to facilitate phosphate attachment. Disrupting any of these enzymes might stop the process and arrest Alzheimer’s.

Naturally, no one knows which enzyme or enzymes should be targeted, so companies are cherry-picking whatever they think could be most promising. Noscira chose an enzyme called GSK-3β, which is a popular choice because it has a pretty straightforward function: it helps attach phosphate to tau. As we age, GSK-3β becomes more active, which explains the fact that age is the number one risk factor for late-onset Alzheimer’s.20 Also, in cell and animal studies, inhibiting GSK-3β successfully reversed tau phosphorylation and cognitive impairment.21

With this evidence, Noscira went into human trials. In an initial, six-week trial with thirty people, Tideglusib was proved safe and well tolerated.22 In phase 2, Noscira expanded and lengthened the trial to 300 patients and six months, hoping to demonstrate the drug’s cognitive effects.23 That didn’t happen. Patients receiving Tideglusib and placebo scored similarly in cognitive tests. In fact, their brains showed similar amounts of phosphorylated tau, which cast doubt on the drug’s ability to inhibit phosphorylation.

Two months after that trial failed, Noscira went into liquidation.
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Allon Therapeutics was founded in 2001. Except for its different geographic location (Vancouver), this company might well be another Noscira. A small biotech, Allon focused its business on neurological disorders and drew investments from hospitals, universities, and people with titles of “Dr.” or “Professor.”

In tackling Alzheimer’s disease, Allon also pursued tau drugs. The company assumed that when tau goes awry, the main consequence is unsupported microtubules, which in turn collapse axon highways, disrupt brain signals, and usher in Alzheimer’s. Therefore, rather than going after tau itself, Allon sought to simply protect microtubules with its drug, davunetide, which is a microtubule stabilizer and another major type of tau drug.

In cell and animal studies, davunetide maintained microtubule integrity and prevented axon failure.24 In human testing, it also got off to a good start: phase 1 trials showed the drug to be safe, and in one phase 2 trial, participants with mild cognitive impairment (mild enough to not qualify for an Alzheimer’s diagnosis) saw improved memory after three months of dosing.25 Pleased by these results, in 2008, Allon made plans to conduct another phase 2 trial, this time recruiting Alzheimer’s patients.

Meanwhile, Allon also tested the drug in a phase 2/3 trial on progressive supranuclear palsy, a rare brain disorder that affects movement, behavior, and cognition. This disorder is genetically linked to tau mutation and, like Alzheimer’s, is marked by abnormal tau buildups in the brain. Now that davunetide had proved itself promising in treating Alzheimer’s, Allon hoped that it would cross over into treating progressive supranuclear palsy as well.

They hoped wrong. In December 2012, the progressive supranuclear palsy trial failed. Patients receiving davunetide experienced no benefits in either cognition, daily activities, or motor skills.26 The drug, it appeared, had no effect.

In a news release, Allon shared the disappointing results and announced that it “will not allocate any additional capital to research and development activities for davunetide.” In fact, it must “take immediate action to reduce its ongoing operating expenses, including a reduction in staff.”27

Six months later, Allon filed for bankruptcy.
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AXON Neuroscience was founded in 1999. Based in Bratislava, the capital of Slovakia, AXON is interested in all diseases related to tau, especially Alzheimer’s. Its Alzheimer’s drug represents the last major class of tau drugs: vaccines.

These vaccines are not unlike the beta-amyloid vaccines that have been trying (and failing, as discussed in chapters 9 and 10) to cure Alzheimer’s. In fact, the underlying principle is exactly the same: use antibodies to attack and destroy defective tau in the hope that this will stop downstream brain damage and Alzheimer’s symptoms.

In practice, there is more than one “defective tau” to vaccinate against, thanks to uncertainties in the tau hypothesis. The favored choices include the two suspects we have encountered: phosphorylated tau and tau buildup. And then there is a third choice: tau fragments cut by enzymes from full-length tau that are more likely to phosphorylate, build up, or otherwise malfunction.28 This last one is AXON’s choice.

In fact, the company believes it has discovered the tau fragment that causes neuronal damage in Alzheimer’s. When rats express this fragment, microtubules in their brains screw up, and Alzheimer’s-like tau tangles form.29 AXON named its vaccine to target this fragment AADvac1.

In rat testing, AADvac1 proved safe.30 It targeted the abnormal tau fragment and left healthy tau alone. After vaccination, tau buildup and phosphorylation decreased, as did the number of tau tangles in the animals’ brains.

In 2013, AADvac1 moved into phase 1 human trials.31 The vaccine was well tolerated after six months of dosing, and participants raised adequate antibodies. Encouraged, AXON promptly issued a news release, calling its product a “revolutionary vaccine offering new hope for millions of Alzheimer’s disease patients.”32 Although claims of being revolutionary are a bit difficult to take seriously when previous vaccine trials have all failed, this was the first tau vaccine to enter human trials.

In 2016, AADvac1 started a phase 2 trial dubbed ADAMANT. About 200 patients were recruited to test if the drug remained safe after two years of dosing and offered any cognitive benefits. The trial results came back in September 2019. According to a company news release, AADvac1 continued to enjoy an “exceptional safety profile,” but its assertions on cognitive effect read fuzzy.33 Reportedly, the drug had “positive signals for cognitive endpoints … among younger populations,”34 which is usually a euphemism for “the drug showed no statistically significant effect among all trial participants.” Still, Axon called the results “an important milestone for Axon, and for the entire population of the world that suffers from this devastating disease.” The company is currently seeking a partner with the necessary means and resources to help it carry out the next phase of clinical trials.

[image: image]

Despite going under, the small startups Noscira and Allon took tau drugs further than most companies did. Being underdogs, they went all in—they couldn’t afford not to. Meanwhile, big pharma has the deep pockets to diversify and study dozens of drugs at once, to test the waters and back out at the first sign of trouble.

Just like Noscira, Merck, in collaboration with Canadian company Alectos Therapeutics, worked on a phosphorylation inhibitor. The inhibitor targets an enzyme that prepares tau for phosphate attachment. According to a press release in 2014, a phase 1 trial was imminent.35 But no update or publication ever came forward, and the drug is not listed among Merck’s pipeline drugs.

Like Allon, Bristol-Myers Squibb tried its hand at microtubule stabilizers. In mice tests, its stabilizer strengthened microtubules, saved neurons, and improved memory.36 A phase 1 human trial was registered on Clinicaltrials.gov and was recorded as complete in 2013.37 But no results were ever announced or published—a bad sign.

The same happened to Hoffmann-La Roche’s tau vaccine, which reduced tau abnormality in mice, entered a phase 1 human trial in 2015, but has not been heard from again.38

With no trial data to consult, we don’t know what happened to these vanished drugs: Were they unsafe? Did they fail at performing basic functions? Were they so miserably inadequate that companies had to bury the trial results? Currently, several other tau vaccines are in early-phase trials.39 If history is any indication, though, the chances are slim that they will come forward and save the day any time soon.

To move forward with Alzheimer’s research and drug development, maybe we should look beyond the two obvious brain pathologies, beta-amyloid and tau. Maybe both are tombstones rather than killers. Given our growing understanding of the disease, are there any other clues to solving the mystery of Alzheimer’s?
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TYPE 3 DIABETES

Saturday night. An urban landscape: skyline, shops, restaurants, neon lights, the hustle and bustle of traffic. Young man and women are lining outside popular clubs: the Heart Throb, the Brain Bar, even the slightly rundown Toe Jam.1 Inside, lights sparkle, music blares, and the crowds are having fun.

The bouncers run a tight ship: couples only; no singles. Young gals without a date are left grumbling at the door, waiting for their luck to change. As more single gals arrive, the lines keep growing, overflowing into the streets and blocking traffic. Meanwhile, people inside the bars are starting to leave, and the places are getting more deserted by the minute. The lights start to flicker, and the music is dying out. Still, single gals are not allowed in and are left in the street.

This odd nightlife scene is quite an accurate portrayal of what happens in diabetes, with the clubs as our organs and tissues, the single gals as blood sugar, and their dates, insulin.

Blood sugar, also known as blood glucose, comes from the food that we eat and is absorbed through the gastrointestinal (GI) tract into the bloodstream. It provides the energy that our organs and tissues run on. Insulin, on the other hand, is a hormone produced by the pancreas. It doesn’t create energy itself; its job is to escort glucose into body cells to be used as energy. Insulin does this by communicating with the cells and signaling them to open a channel to let the glucose in.

When there is a lack of insulin, glucose is stuck and accumulates in the bloodstream, while our organs and tissues run on empty. Worse, as blood glucose rises, it hardens blood vessels, blocks blood flow, and interrupts the transportation of oxygen and nutrients. Over time, this causes serious damage to the body, including vision loss, kidney failure, stroke, and heart attack. From Heart Throb to Toe Jam, everyone is affected.

In the conventional wisdom, chronic diabetes comes in two forms: type 1 and type 2.2 Type 1 diabetes is less common. It usually develops in children and young adults whose immune system, for unknown reasons, attacks their pancreas and shuts down insulin production. As a result, very little or no insulin circulates in the body to escort glucose.

Type 2 diabetes is more common. Mostly affecting adults, it accounts for about 90 percent of all diabetes cases.3 With type 2 diabetes, the pancreas and insulin production start off fine, but the body grows insensitive to insulin—becoming insulin resistant, as doctors call it. Although plenty of insulin is produced, the body just doesn’t seem to see it and can’t use it to escort glucose. Frustrated, the pancreas kicks into higher gear to produce even more insulin. Elevated insulin forces the body to tune in to it, and all’s fine for a while. But eventually, the pancreas burns out and can no longer churn out enough insulin to escort glucose.

Multiple factors cause type 2 diabetes. Genetically, about forty genes have been found to increase the disease risk.4 Unhealthy lifestyle choices are also risk factors. A high-calorie diet and lack of physical activity increase body fat, and excessive body fat leads to insulin resistance.5

In the conventional wisdom, diabetes, whether type 1 or type 2, is not a brain disease. Yes, it can afflict the Brain Bar, but it also afflicts many other organs and tissues. In addition, diabetes primarily affects brain’s hardware. To wit, high levels of blood glucose can damage and clot blood vessels in the brain, cutting off blood supply and causing a stroke. As for the software, the functioning of our mind, diabetes should have no direct effect. At least, that’s what we thought.

Then came 2005, when a group of researchers from Brown University and Rhode Island Hospital announced that they had found a third type of diabetes, which behaves differently.6 According to these researchers, what we have known for centuries as Alzheimer’s really is a unique type of diabetes: type 3 diabetes. Type 3 diabetes has the same features as types 1 and 2—energy crises in body cells, high blood glucose, and insulin resistance—but its wrath is felt primarily by the brain’s software.

To call this idea intriguing is an understatement. We already have a pretty good understanding of diabetes, and we have effective medicine and lifestyle adjustments to cope with the disease. If Alzheimer’s really is a form of diabetes, then our current methods of treating and managing diabetes may work just as well for Alzheimer’s.

But what evidence do we have for this so-called type 3 diabetes hypothesis?
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One apparent similarity between Alzheimer’s and diabetes lies in proteins. In Alzheimer’s, we have beta-amyloid; in diabetes, we have amylin.

Amylin comes from the pancreas. When the pancreas produces insulin, amylin is generated as a by-product. As a sidekick of insulin, amylin prevents glucose spikes by slowing down the action of the GI tract and creating a sense of “fullness” so that we stop eating.

In type 2 diabetes, because the body becomes insensitive to insulin, the pancreas works overtime to produce more insulin. As a result, more amylin is also produced. Excessive amylin then behaves quite similarly to beta-amyloid: it clumps together, first into toxic oligomers and then plaques, damaging pancreatic cells.7 Autopsies of diabetic patients reveal amylin deposits in the pancreas, just like beta-amyloid deposits lurking in the Alzheimer’s brain. Even more intriguingly, amylin and beta-amyloid are about 90 percent similar in protein structure.8

In addition to this beta-amyloid–amylin connection, there is a beta-amyloid–insulin connection. In the human body, insulin is degraded by an enzyme with the quite appropriate name of insulin-degrading enzyme. Coincidentally (or not), this enzyme also degrades beta-amyloid. If our bodies are resistant to insulin and force the pancreas to overproduce it, excess insulin may tie up the degrading enzyme, leaving little that can degrade beta-amyloid, which then accumulates into Alzheimer’s brain plaques.9

This scenario has been re-created in mice. When mice were fed sugary water to induce insulin resistance, their blood insulin rose, as did beta-amyloid buildups in their brains.10 That said, human data paint a different picture: in autopsies, diabetic patients’ brains did not show increased beta-amyloid plaques, as the hypothesis would predict.11

To make a more convincing case, the hypothesis needs to determine whether diabetes and Alzheimer’s actually cross paths. That is, are diabetic patients more likely to develop Alzheimer’s, and vice versa?

To find that out, we travel to Rochester, Minnesota.

Sitting at a crossroads near the Zumbro River, Rochester was once a stagecoach stop connecting St. Paul, Minnesota, and Dubuque, Iowa. The earliest settlers came in 1854.12 Migrating from Rochester, New York, they named the new home after their old hometown. Drawn by the region’s cheap and fertile land, more settlers soon followed. By the time of the Civil War a decade later, Rochester’s population had grown to over 1,400.13

The war also brought to town Dr. William Mayo, who served as the examining surgeon for the federal draftees. After the war ended, Mayo decided to stay and open a medical practice. By then, the railway had arrived, making Rochester a regional hub, tripling its population, and giving Dr. Mayo plenty of patients. Mayo and his wife raised three daughters and two sons, both sons taking up medicine as their father did. The Mayos led a productive, if somewhat uneventful, life—until the night of August 21, 1883.

Around 7 p.m., a violent tornado with winds over 200 miles per hour touched down in Rochester. It gushed through northern Rochester, destroying over 135 homes and damaging another 200.14 At least thirty-seven people were killed, and hundreds were injured.15 Without a local hospital, the people of Rochester turned lodge rooms and a dance hall into temporary emergency rooms. In these makeshift rooms, Dr. Mayo and his sons cared for the wounded, and the local Sisters of St. Francis congregation assisted. People did the best they could with what they had.

In the aftermath of the tornado, the Sisters of St. Francis were convinced that Rochester needed its own medical facility. They approached Dr. Mayo, promising to raise funds and build one if Mayo and his sons would serve as the resident physicians. The Mayos agreed, and in six short years, Saint Mary’s Hospital, more commonly known as the “Mayos’ clinic,” was born. In the decades that followed, more doctors joined the practice and additional buildings were erected. In 1914, the facility became known officially as the Mayo Clinic.16

Thanks to their ancestors’ vision and labor, today’s Rochester residents have the country’s top hospital on their doorstep. For more than 100 years, they have received essentially all their medical care at the Mayo Clinic, with their complete medical histories stored and updated in the same computer filing system.17 This vast and well-maintained record provided the ideal setting to search for a connection between diabetes and Alzheimer’s.

Tapping into this resource, a federally funded Rochester Epidemiology Project got underway in 1966. Not to be confused with dermatology (the study of skin diseases), epidemiology studies the occurrence and distribution of diseases within a population, also known as population studies.

As the Rochester Project revealed, between 1970 and 1984, 1,455 local residents (aged forty-five to ninety-nine) had or developed type 2 diabetes.18 During this time, and among these diabetic patients, seventy-seven (5.3 percent) also developed Alzheimer’s. This rate, compared to that among the general Rochester population, was high. Specifically, if someone was diabetic and male, he was 2.3 times more likely to have Alzheimer’s. Diabetic women likewise had a higher risk for Alzheimer’s (1.4 times), but this increase was not statistically significant.

These results are corroborated by findings across the Atlantic, from Rotterdam, in the Netherlands. Rotterdam has a more interesting origin for its name than Rochester. In 1270, a dam was built on the Rotte River, attracting earlier settlers to create a small fishing village around the dam. As its population grew, a city was born, and it seemed only fitting to name it Rotter-dam. Today, Rotterdam is the second-largest city in the Netherlands and the largest port in Europe, earning it the nickname “Gateway to Europe.”

In the suburb of Rotterdam, a large epidemiology project involving 15,000 middle-aged and elderly residents has been underway since 1989.19 These residents are interviewed and undergo extensive health checkups every three or four years. Subsets of these residents and their records are recruited for studies of various diseases, including heart conditions, stroke, dementia, and depression.

Starting from 1990, over 6,000 of these residents were followed to detect a possible connection between Alzheimer’s and diabetes.20 At the start of the study, all the participants were free of Alzheimer’s; about 700 were diabetic. About two years later, 89 people had developed Alzheimer’s. Mapping these cases, researchers found that they were twice as likely to happen to the 700 diabetic participants.

Apparently, from Rochester to Rotterdam, the paths of Alzheimer’s and diabetes do cross. The problem is that, elsewhere in the world, their tracks have a different appearance.

Poised at the northern tip of Japan’s Kyushu island, directly across the sea from South Korea, is a small, rural town called Hisayama. While much of Japan has embraced the modern life and its (in)conveniences, the people of Hisayama have stuck to their traditional agricultural roots. The town has a stable population: about 6,800 in the 1960s and about 8,500 now.21 It has a similar male-to-female ratio and age distribution as the rest of Japan.22 Its people are trustworthy and dependable. It is an ideal place for a population study.

Begun in 1961, this is the Hisayama study, a remarkable population study with extremely low dropout (1 percent) and high autopsy (80 percent) rates,23 the latter being especially valuable in the study of Alzheimer’s. As part of the Hisayama study, from 1985 on, more than 800 elderly residents were meticulously followed.24 None of the participants were initially demented, but seventy had diabetes. During the next seven years, forty-two cases of Alzheimer’s were diagnosed, but there was no connection between these cases and participants’ diabetic condition.

More conflicting data came from obesity studies conducted in Finland and elsewhere.25 Because excessive body fat contributes to insulin resistance and the onset of diabetes, researchers looked for a possible link between obesity and Alzheimer’s. Strangely, if we are obese during midlife (around the fifties) or early old age (the sixties and early seventies), we are more likely to develop Alzheimer’s. But if we have a higher body mass index in old-old age (late seventies and older), we seem to be protected against Alzheimer’s.

Similar talks of protection were heard elsewhere.26 Among 348 patients at a New York clinic, those with Alzheimer’s were found five times less likely to also have diabetes. This “startling” revelation, researchers argued, demonstrates that diabetes actually has a protective effect. Maybe high blood glucose, the hallmark of diabetes, can increase glucose supply to the brain, thereby generating more energy for the Brain Bar and boosting its performance.

So the results of population studies are a toss-up. That didn’t stop believers from looking elsewhere for evidence to connect diabetes and Alzheimer’s. In diabetes, it takes two to tango: glucose and insulin. If one or both of these players go awry in Alzheimer’s, that’s still good evidence for the type 3 diabetes hypothesis. Better yet, if one or both of these players can be adjusted to stop Alzheimer’s, then we’ve got nothing else to prove.
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KETONES
The Brain Fuel


And when they had come to the multitude, a man came to Him, kneeling down to Him and saying, “Lord, have mercy on my son, for he is an epileptic and suffers severely; for he often falls into the fire and often into the water. So I brought him to Your disciples, but they could not cure him.”

Then Jesus answered and said, “O faithless and perverse generation, how long shall I be with you? How long shall I bear with you? Bring him here to Me.” And Jesus rebuked the demon, and it came out of him; and the child was cured from that very hour.

Then the disciples came to Jesus privately and said, “Why could we not cast it out?”

So Jesus said to them, “Because of your unbelief; for assuredly, I say to you, if you have faith as a mustard seed, you will say to this mountain, ‘Move from here to there,’ and it will move; and nothing will be impossible for you. However, this kind does not go out except by prayer and fasting.”

Matthew 17:14–21



In modern medical literature, it’s unusual to encounter biblical references, but Matthew 17:14–21 is something of an exception. In writings—not about Alzheimer’s directly but another neurological disorder, epilepsy—this passage is frequently alluded to, thanks to that last line: “this kind does not go out except by prayer and fasting.”

The “prayer” part, researchers have no interest in. That, they figure, is pure religion. But the “fasting” part, they believe, is evidence of fasting being used as a neurological treatment in biblical times. Aside from the Bible, the ancient Greek physician Hippocrates, the father of modern medicine, is also said to have treated seizures with “complete abstinence from food and water.”1

While interesting, these historical references seem dubious evidence of medical practices. Many a Bible verse invokes fasting. Moses was with the Lord for forty days and nights without bread or water. David, too, chose to fast to save his sick child. Rather than medical treatment, fasting seems more like a manifest of religious devotion, just like praying. And if one actually reads Hippocrates, one will see that he condemned dietary treatments as nonsense prescribed by charlatans who pretend that epilepsy is punishment from the gods and must be cured by purification2. To Hippocrates, a neurological disorder is not sacred and may be treated no more by fasting than by eating.

A more likely origin of the fasting therapy, then, is anecdotal. Perhaps a child was too sick to eat, or perhaps her religious parents forced her to fast. And behold, seizures subsided. Whatever the origin, by the early twentieth century, fasting had become quite a buzzword. In the United States, the most well known practitioner was Huge Conklin, a man of alternative medicine and faith healing. His method was known as water treatment, so called because patients fasted for twenty to twenty-five days, consuming nothing but water.3 The method reportedly cured many cases of epilepsy, convincing Conklin that toxins released from the intestine were a neurological culprit, so resting the intestine would save the brain.

Reports of other fasting regimens followed. In one case,4 a ten-year old named Gwendolyn B. was having seizures every ten minutes, and she was admitted to the Children’s Memorial Hospital in Montreal. Upon admission, she was put to bed and given nothing but water and a little clear broth for ten days. The treatment was quite a success: during her first twenty-four hours in the hospital, Gwendolyn had sixty seizures; in the next twenty-four hours, she had six; over the next three days, she had one seizure a day; and after the fifth day, she had no more seizures.

As cases and experiments increased, doctors and researchers started to realize that fasting healed the brain not by removing intestine toxins, as Conklin thought, but by changing patients’ metabolism: in the absence of food (and thus glucose), patients burned body fat for energy.5 So, short of starvation, a diet that is very low in carbohydrates (which quickly turn into glucose in the human body) and very high in fat should perform the same trick, forcing the body to burn fat.6

Why using fat for energy would stop seizures is not yet clear. But together with the type 3 diabetes hypothesis (discussed in chapter 13), a theory has emerged on how it might help Alzheimer’s patients.
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The theory starts with neurons, the Energizer Bunnies in the brain. All day long, neurons buzz, fire, transmit signals, and handle information. In that process, they burn a lot of energy. The brain, despite its minor weight (2 percent of adult body weight), consumes 20–23 percent of the body’s energy needs.7 On top of this, neurons cannot store glucose as muscles do, so they require a constant glucose supply. If that supply falters, neurons starve, shutting down the Brain Bar and impairing memory and other cognitive functions.

This scenario, the theory claims, illustrates what happens to cause Alzheimer’s. By analyzing the blood that flows in and out of the brain, we can tell how much glucose the brain has used. Compared with normal brains, the Alzheimer’s brain suffers from reduced glucose use. The amount of reduction varies in different studies, from about 10 percent all the way to about 60 percent, with about 25 percent being the commonly agreed average.8 Interestingly, many Alzheimer’s patients crave sweet, carbohydrate-rich foods,9 as if trying to forage more glucose for their starving brains.

Why is glucose reduced in the Alzheimer’s brain? We aren’t sure about that. Some people blame it on age: as we get older, our overall metabolism goes down, and brain metabolism goes down too. Others blame diabetes, which reduces the brain’s ability to access and use glucose. Neither explanation is rock solid: glucose consumption declines in some, but not all, older adults and some, but not all, diabetic patients.10

The glucose theory also faces a bit of a chicken-and-egg situation. That is, reduced glucose can simply be a result of Alzheimer’s, rather than a cause. As neurons are damaged or lost during the course of Alzheimer’s, these once energetic bunnies consume less energy, so as a result, the brain will use less glucose. In response to this critique, advocates cite studies showing that brain metabolism drops before Alzheimer’s symptoms appear. In one study, mutation carriers doomed to get early-onset Alzheimer’s had reduced brain glucose metabolism years before their cognitive symptoms manifested.11 In another, people carrying the late-onset Alzheimer’s risk gene ApoE4 showed reduced brain glucose metabolism decades before the possible disease onset.12

Moreover, experiments show that glucose intake seems to act as a remedy for Alzheimer’s and enhance cognitive performance: for example, in one study, Alzheimer’s patients were given a sugary beverage or a sugar-free beverage, and those who drank the sugary beverage performed better in cognitive tests.13 They recalled more words, remembered more story details, and recognized more photographs of faces. The benefits applied to both healthy adults and demented patients.

If you are clapping with joy that you can now indulge in sweets as “brain food,” sorry. An acute increase in blood glucose from one sugary drink is different from chronically elevated blood glucose from, say, having ten such drinks every day. The former has cognitive benefits; the latter has the opposite effect. When excessive glucose sits around in the blood, it starts to interact with fat and protein. This process is called glycation, which actually promotes the hallmarks of the Alzheimer’s brain: beta-amyloid plaques and tau tangles.14

Thus, if the Alzheimer’s brain is a starving brain, we can’t constantly feed it with glucose; we have to find other fuels. This is where the epilepsy treatment, the low-carb-high-fat diet, comes in. When glucose runs low in our bodies, the liver can use fatty acids (the building blocks of fat) to produce a small molecule called ketones. Ketones can then travel through the bloodstream to the brain and be burned as an alternative fuel. To induce this metabolic shift though, we must keep our carbohydrate (and hence glucose) intake very low. In a strict ketone diet, 90 percent of daily calories are derived from fat, no more than 2–3 percent come from carbohydrates, and the rest are from protein.15

Such a diet makes some evolutionary sense. Fat has been an organic and crucial source of nutrition since the dawn of humanity. Indeed, an increased consumption of animal food and fat two million years ago is thought to have helped early humans develop a larger and more sophisticated brain.16 By contrast, foods rich in carbohydrates are relatively new additions to the human diet. Refined sugars and cereals were scarce in the seventeenth and eighteenth centuries and became available in the mass market only some 200 years ago, after the Industrial Revolution.17

That said, not all fats are created equal. Depending on what kind of fatty acid is in the fat, ketone production varies. As shown in figure 14.1, all fatty acids have two basic parts: a carboxyl group and a hydrocarbon chain.




   
	
	
	
	
	
	
	
	
	
		
	
		
	
	
	
	
	
		
	
		
	
	
		
	
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




   

FIGURE 14.1 The two parts of a fatty acid: carboxyl group and hydrocarbon chain

The carboxyl group is the same in all fatty acids, but the length of their hydrocarbon chains varies. The longer the chain, the more hydrogen-carbon links, and thus the more carbon atoms. Fatty acids with more than fourteen carbon atoms are called long-chain fatty acids; those with eight to fourteen carbon atoms are called medium-chain fatty acids (figure 14.2).



   

   
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
		
	
	
	
	
		
	
	
		
	
	
	
	
		
	
	
		
	
	
	
	
		
	
	
	
	
	
	
		
	
	
	
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
		
	
	
	
		
	
	
		
	
		
	
	
	
		
	
	
		
	
		
	
	
	
		
	
	
		
	
		
	
	
	
		
	
	
		
	
		
	
	
	
	
	
		
	
		
	
	
	
		
	
	
		
	
		
	
	
	
	
	
		
	
		
	
	
	
	
		
	
	
		
	
		
	
	
	
		
	
	
	
		
	
	
	
		
	
	
	
		
	
	
	
		
	
	
	
		
	
	
	
		
	
		
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




   

FIGURE 14.2 Medium- and long-chain fatty acids

The fats that we typically eat, derived from meat, fish, and vegetable oil, contain long-chain fatty acids, which are not an effective raw material for ketones. They take considerable time getting to the liver and must undergo extra chemical processing before producing ketones.18

By comparison, medium-chain fatty acids are far superior ketone producers. These fatty acids are abundant in breast milk, creating extra ketone fuel for the developing infant brain. However, in the typical Western diet, medium-chain fatty acids are generally missing. Their one significant dietary source is the so-called tropical oils: coconut oil and palm kernel oil. Alternatively, one can resort to concentrated supplements known as medium-chain triglycerides, with a “triglyceride” being a combination of three fatty acids.

Anecdotal evidence vouches for the miraculous, brain-boosting effect of these oils. In her book Alzheimer’s Disease: What If There Was a Cure? The Story of Ketones, pediatrician Mary Newport tells the moving story of her husband, Steve.19 Plagued by Alzheimer’s in his early fifties, Steve fell into a mental abyss, unable to cope with daily activities, much less a job. Intrigued by ketones and desperate for a cure, Mary started Steve first on coconut oil, and then medium-chain triglyceride oil.

The effect was instantaneous. On day 1, after having two tablespoons of coconut oil in his morning oatmeal, Steve improved on his cognitive test score. On day 3, he woke up alert, smiling, and talkative, having no trouble eating with utensils. On day 6, he was able to clean the pool and vacuum the house. On day 11, he used the dishwasher with minimal help, and on day 24, he did a complete load of laundry by himself. On the rare occasions when Steve missed his oil, he suffered terrible relapses, but a quick dose would have him smiling again in thirty minutes. In the four years before Steve took the oils, his brain underwent significant shrinkage. In the two years afterward, it stayed stable.

In her book, Newport included letters and emails from other caregivers who had given coconut and medium-chain triglyceride oils to demented family members. These correspondences are equally glowing, reporting either immediate or gradual improvements in memory, cognition, social interaction, and quality of life.

Overnight, we seem to have found the cure we longed for.
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For better or worse, anecdotal evidence like Steve’s, no matter how heartwarming, carries little weight in the world of empirical science and modern medicine.

From Steve to other supporters, their ages differ, symptoms differ, oil consumptions differ, improvements differ, and their caregivers’ qualities of observation differ. Their stories are not carefully quantified and cannot be generalized to other patients. In fact, these printed tales may not represent the whole truth either. Just as big pharma has a stake in Alzheimer’s drug development, so does Mary Newport. Her website endorses coconut and medium-chain triglyceride oils that she urges people to buy. Apparently, she herself designed one of these oils. For this reason alone, she wouldn’t be very motivated to detail in her book anecdotes where the oils didn’t work.

This is not to say anecdotal stories have no value. Liberated from the baggage of established science, they hold promise for truly outside-the-box thinking. Fasting as an epilepsy treatment, as I speculated earlier, may have emerged from anecdotes. For some people, personal stories are also more trustworthy than abstract, experimental data that, as we have seen, are subject to dicing and manipulation.

Still, formal experiments provide us with protocols, measurements, and records that we can use to judge their quality in ways that anecdotes don’t. To prove that the oils and their ketones work, we need randomized, blind, placebo-controlled clinical trials.

With coconut oil, there haven’t been many trials. In the United States, one trial was in the works back in 2013, but it was terminated, reportedly for funding limitations and low enrollment.20 The product to be tested was Fuel for Thought, a coconut oil beverage manufactured by Connecticut-based Cognate Nutritionals. The beverage supposedly contained a unique blend of coconut oil and other ingredients. In twelve-bottle packs, Fuel for Thought sold for $49.95. But by all appearances, the company and the beverage vanished around 2015, which coincides with the terminated trial.

Outside the United States, one small trial was recently completed in Spain.21 Forty-four Alzheimer’s patients were randomized to a coconut-oil-enriched diet or a placebo diet. After three weeks, those consuming coconut oil improved on several measures of memory and cognition. These results are encouraging, but if history is any indication, one small trial doesn’t prove much; the data need to be verified in larger, longer-term trials. As of now, none seem to be planned. The fact that coconut oil is a natural ingredient and can’t be easily patented by a pharmaceutical company probably explains, if only partly, this lack of enthusiasm.

For the same reason, ketone diet trials have been limited. These trials also face an extra hurdle: the diet is difficult to enforce. Extremely low in carbs, a true ketone diet prohibits most of the foods we take for granted: bread, pasta, rice; sugar, sweets, honey; and even starchy vegetables, fruits, and seeds like potatoes, beans, corn, and apples. One is allowed less than 20 grams of carbs a day, which is half of a hamburger bun, one small potato, or a few bites of pasta.22 With these stringent requirements, compliance is a real issue. Moreover, blinding participants to their assigned diet is nearly impossible, so there is no avoiding the placebo effect and potential bias.

In my research, I found only one relevant dietary trial, where twenty-three participants with mild cognitive impairment were randomized to a very-low-carb diet and a high-carb diet for six weeks.23 Two tests were used to assess cognitive function. One is word recall, measuring participants’ ability to remember words. The other is trail-making, which involves more complex cognitive processing. To test this, participants were given a piece of paper with scattered numbers and letters and told to draw lines to connect them in an alternate way (i.e., 1-A-2-B-3-C). At the end of the six weeks, very-low-carb dieters improved on the word recall test but not on the trail-making test. The results are interesting, but again they need to be verified in larger trials.

Fortunately, something else did enjoy more trials: medium-chain triglycerides, the fatty acids directly responsible for generating ketones. These chemical products are easier to administer and potentially patentable, making them a more favorable choice to pharmaceutical companies.

Among current pursuits, the product that came the closest is AC-1202, manufactured by Colorado-based Accera. AC-1202 has a significant advantage over dieting: it is powerful enough to raise ketones even when carbohydrates are consumed, so patients are free to enjoy normal meals.24

In a pilot study,25 twenty patients with mild-to-moderate symptoms randomly received a drink containing AC-1202 or placebo. AC-1202 raised participants’ ketone levels, especially for those carrying the Alzheimer’s risk gene ApoE4. However, these ApoE4 carriers did not show improved cognitive function; in fact, their cognitive scores worsened. Non-ApoE4 carriers, on the other hand, did show improved cognition. Perhaps, researchers speculated, ApoE4 carriers were not very good at utilizing the ketones raised in their bodies.

Following this pilot study, a phase 1 trial was conducted, but no results were published.26 Phase 2 quickly followed, assigning 150 mild-to-moderate Alzheimer’s patients to daily AC-1202 or placebo for three months.27 Once again, AC-1202 significantly raised participants’ ketone levels. In terms of cognitive effect, the published report, authored by Accera employees, makes a very convoluted case and presents a dozen different ways to look at the data. But the bottom line was that AC-1202 had no benefit in terms of cognitive performance or functional behavior, as judged by three tests. Non-ApoE4 carriers experienced some benefits according to one test, but not the other two.

In its report, Accera enthusiastically discussed the one improved test, while attributing the negative ones to the “relative insensitivity of these tests, the small number of subjects, and/or the short duration of the trial.”28 The report ended by predicting that AC-1202 could be further refined and offer a novel strategy for treating Alzheimer’s.

Given this prediction, what Accera did next was surprising. Instead of pushing forward into phase 3, the company turned around, made a beverage out of AC-1202, named the beverage Axona, and started marketing it as a medical food.

Medical food, according to the U.S. Food and Drug Administration (FDA), is a food specially formulated for patients to meet the dietary needs of a particular disease or condition.29 It is a special category sitting somewhat between drugs and dietary supplements. Unlike drugs, medical food is not subject to the FDA’s stringent clinical trial regulations and premarket reviews. And unlike dietary supplements, medical food can label and market itself in terms of a specific disease. It is the best of both worlds for Axona.

The Axona drink was labeled “a medical food for the clinical dietary management of the metabolic processes associated with mild-to-moderate Alzheimer’s disease.”30 On its company website, Accera claimed that the drink “may enhance memory and cognition in mild to moderate Alzheimer’s” and “helps patients with mild to moderate Alzheimer’s disease by addressing diminished cerebral glucose metabolism.”31 Given the latest trial results, these claims are, to say the very least, selective exaggerations.

In a published interview, Accera’s executive director of research, Sam Henderson, explained that the company “didn’t have the monies to do the long-term development process…. For the investors, one of the big appeals of our approach to AD [Alzheimer’s disease] is that we’re basically using a food ingredient…. You don’t have to go through the normal long drug development process. You can very quickly come to market with something like a medical food.”32 Henderson added that the company never intended to pursue AC-1202 as a drug and was “always planning on something like a medical food,” although Accera’s chief executive officer, Steve Orndorff, had spoken of different intentions in the past.33

In 2013, four years after the beverage entered the market, Accera completed a case study to vouch for its cognitive effects.34 The study profiled eight mild-to-moderate Alzheimer’s patients who had consumed the drink for more than six months. Tracking the patients’ cognitive test scores, Accera announced that their drink “was associated with stable disease or improvement for some patients.” A closer look at the published report, however, shows something more nuanced: upon drinking Axona, four of the eight patients continued to decline, and four stabilized or saw small improvements; on average, the patients were still declining, and their rate of decline before and after consuming the drink was no different.

Just when Accera thought it was getting away with its medical food, in late 2013—on the day after Christmas, no less—the FDA issued the company a warning, ruling that the Axona beverage does not meet the definition of a medical food because “there are no distinctive nutritional requirements or unique nutrient needs for individuals with mild to moderate Alzheimer’s disease.”35 Instead, Axona was ruled to be a “new drug.” As a drug, it must establish safety and efficacy and receive FDA approval before entering the market.

Left with no choice, Accera conducted a phase 2/3 trial, recruiting more than 400 patients and assigning them to AC-1204 (version 2 of AC-1202, with a new formula) or placebo.36 After six months of treatment, results were announced in early 2017; the trial failed.37 AC-1204 did not improve patients’ cognitive performance—not for ApoE4 carriers, and not for noncarriers. Backed into a corner, Accera explained that the new formula somehow lowered drug levels in patients, which contributed to the failure.

Just when things seemed to be falling apart for Accera, another surprising event occurred. In October 2018, Accera rebranded itself as Cerecin and opened a “global headquarters” in Singapore. The rebranding was enabled by investment from a Singapore-based company called Wilmar International.

Wilmar is not a pharmaceutical company; it is a food manufacturer. According to a company news release, Wilmar’s investment is to fund “the Asia Pacific launch of Axona®, a medical food for the dietary management of persons living with Alzheimer’s disease.”38 Apparently, although the FDA ruled Axona not a medical food and off-limits to sell in the United States, other markets are fair game. “With a rapidly aging population in Asia Pacific, and in particular China,” said Wilmar’s head of business development, Gurpreet Singh Vohra, “we recognise the increasing importance of dementia and brain health as priorities on healthcare agendas throughout the region.”39

Not one word, I am sure, will be said to the “population in Asia Pacific, and in particular China,” about those iffy and failed AC-1202/AC-1204 trials. Meanwhile, people like my uncle and their families, desperate for something, will line up for this Western-imported, science-based, beautifully packaged, and surely expensive medical food. Given this blatant deception, I can only laugh at what the company said about its new name, Cerecin: it’s “a combination of the words cerebrum, the Latin word for brain, and medicine, affirming the company’s commitment to brain health.”40
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INSULIN FIXES

Sam turned forty last week.1 An up-and-coming federal prosecutor, Sam works twelve-hour days and loves every minute of it. The late nights and fourth meals has made him gain weight, but he feels good and has no health complaints. In fact, for two years in a row, he has skipped physical checkups. Why bother, and who has the time? Sam would gladly skip it again, except that his wife, annoyed by Sam’s laissez-faire attitude, made an appointment for him. Once it’s on the calendar, it’s settled: Sam is not one to ignore a schedule.

Almost everything at the doctor’s went quickly and smoothly. But Sam didn’t like it when they pricked his finger to produce some blood. He liked it even less when a little device with a tiny screen picked up the blood and produced Exhibit A. The screen on Exhibit A read 159, which, according to Sam’s doctor, means offensively high blood glucose. Without much deliberation, the doctor rendered a verdict: type 2 diabetes.

Sam is no stranger to diabetes; his mother has it. But to get it himself, at forty years of age?! The doctor didn’t seem all that surprised. Apparently, Sam’s stressful job, family history, and, yes, belly fat all make him a high-risk individual for diabetes. Before Sam could recover from the news, the doctor has moved on to talk about treatment plans.

Sam was introduced to dozens of drugs, and the doctor prescribed several. The one whose name Sam still remembered upon leaving the doctor’s office was thiazolidinedione (TZD), which is an insulin sensitizer. It makes Sam’s body more sensitive to insulin so that glucose can be escorted into the cells for energy rather than piling up in the bloodstream.

The way that TZD works is a bit ironic: it makes the body store fat—and gain weight. The rationale is that when fat is saved and not burned for energy, the body is forced to become more sensitive to insulin in order to burn glucose.2 The weight gain is chalked up as the drug’s side effect, even though excessive body fat, as in Sam’s case, has contributed to insulin resistance and diabetes in the first place.

TZD provided relief for a while but eventually, this and other oral medicine became inadequate for Sam, so he was prescribed insulin to inject. In the doctor’s office, Sam is shown the syringe and how to use it: grab the fatty part of his abdomen, pinch the skin, insert the needle at a 90-degree angle, and push the plunger down. Sam goes through this routine several times a day to make sure that there’s enough insulin in his body to escort glucose.

With all these treatments, Sam manages his diabetes for decades. At age fifty-five, he takes a job in the private sector. Now a criminal defense attorney at a large firm, Sam handles high-profile—and even more stressful—cases and works even longer days and nights.

As his cycle of diabetic life continues, Sam (and millions like him) are thankful for the range of insulin medicines on the market. If Alzheimer’s really is type 3 diabetes, millions of other patients will be thankful too.
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Insulin, as described in chapter 13, is responsible for opening cell doors to let glucose in. This seemingly simple action is, in reality, a complex feat of biology. First, insulin must interact with insulin receptors, which are proteins that sit on cell membranes that specifically respond to (or “receive”) insulin. The interaction between the two mobilizes a series of other enzymes and proteins, which in turn cause a glucose transporter protein called GLUT4 to move to the cell membrane. Once there, GLUT4 proceeds to lodge itself in the membrane, opening up a channel. Through that channel is how glucose gets into cells. This series of maneuvers is called insulin signaling.

Back in the 1950s, we thought that insulin signaling did not happen in the brain. When specially labeled insulin was injected into the bloodstream in rats and humans, it quickly showed up in various organs and tissues, but not in the brain.3 This finding made sense, because the brain does not solely depend on GLUT4 to transport glucose. It employs other transporters, such as GLUT1 and GLUT3, which can move glucose from the blood into cells without the help of insulin.

But soon enough, we realized that we were wrong.4 The detection method used in the 1950s was not sensitive enough to pick up the small, but still significant, amount of insulin in the brain. Multiple insulin injections, rather than a single shot, were required for brain detection. We also found insulin receptors in the brain, particularly in the hippocampus, the part of the brain critical for memory formation. The fact that insulin receptors sit and wait in the brain suggests that insulin does come, and presumably it has important jobs to do. In fact, we now know that the brain can synthesize its own insulin and is not totally dependent on pancreas-produced insulin. This seems bona fide evidence that insulin not only comes, but also is essential to the brain.

But what is this essential function? After all, the brain, as mentioned previously, is not totally dependent on insulin for glucose transportation. What else could insulin contribute? According to the type 3 diabetes hypothesis, the answer is that it centrally regulates metabolism. In both animal and human experiments, administering insulin into the brain reduced food intake and body weight.5 Moreover, as a central regulator, insulin directs a large, complicated symphony of proteins and chemicals in the brain; some promote neuron survival, some cause neuron death, some excite neurons, and some inhibit neurons.6 Insulin keeps everyone in a happy balance, thereby maintaining cognitive function.

Rat experiments support this belief. When rats were given drugs that destroy brain insulin, the animals suffered neuron damage, their brains shrank, and they had difficulty navigating the water maze.7 When these rats were treated with insulin sensitizers, the brains recovered, and learning and memory improved.

Preliminary human experiments showed the same. Autopsy studies revealed that the Alzheimer’s brain has far less insulin and fewer insulin receptors than normal brains do.8 As Alzheimer’s disease progresses, this shortage grows worse.9 Conversely, when patients were given insulin, their memory performance improved.10 These findings would suggest that the cause of Alzheimer’s is brain insulin shortage.

But why would there be a shortage of insulin in the first place? The whole problem with diabetes is that the body becomes insensitive to insulin, which forces the pancreas to pump excessive insulin into the blood. Plus, the brain can synthesize its own insulin. Where did all this insulin go?

This is where the type 3 diabetes hypothesis hits a snag and gets fuzzy. Supposedly, elevated blood insulin works in mysterious ways. When we get a onetime insulin injection, that insulin can travel from the blood into the brain. However, if the blood insulin is chronically spiked, that somehow prevents insulin from moving into the brain.11 Exactly how this happens is unknown. The general sentiment is that insulin transportation is a delicate business: it is closely regulated, temperature sensitive, and easily jammed. Thus, it is not surprising, we are simply told, that long-term, high-level blood insulin would reduce brain insulin.12

If we go along with this fuzzy logic, then insulin sensitizers like the TZD drug that Sam was prescribed could also make fine Alzheimer’s drugs. By making the body more sensitive to insulin, they would keep blood insulin low and thus brain insulin high, restoring the order in the brain symphony.
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One commonly prescribed TZD is rosiglitazone (brand name Avandia), manufactured by GlaxoSmithKline (GSK) and approved by the U.S. Food and Drug Administration (FDA) in 1999 as a diabetes drug. By 2006, the drug’s annual sales had surpassed $3 billion. If GSK could prove rosiglitazone’s effect on Alzheimer’s, the profits from this single drug would go through the roof.

Preclinical studies are encouraging. In cell studies, rosiglitazone boosted insulin signaling and protected neuron health.13 Transgenic Alzheimer’s mice that were fed rosiglitazone showed improved cognition, performing almost as well as normal mice in maze tests.14 More amazingly, in a six-month pilot study, rosiglitazone improved memory and attention among thirty patients with mild cognitive symptoms.15

Inspired, GSK moved into formal clinical trials. But at this juncture, the picture-perfect drug unraveled. In 2007, an article appeared in the New England Journal of Medicine, accusing rosiglitazone of increasing patients’ risk for heart diseases.16 The article collected evidence from forty-two rosiglitazone diabetes trials. Together, these trials enrolled about 28,000 participants. A little more than half of them received rosiglitazone; the others received placebo or other drugs. When the two groups were compared, those receiving rosiglitazone had a 43 percent increase in heart attacks. Other articles soon followed, pooling and examining different sets of rosiglitazone trial data. Their conclusions are now always the same, but in general they confirm the drug’s cardiac side effects.17 It is suspected that rosiglitazone elevates the low-density lipoprotein (LDL) cholesterol (aka, the bad cholesterol), which is associated with heart diseases.

As the news broke out, over 10,000 lawsuits were filed against GSK. The company settled most of these out of court, reportedly paying $460 million.18 It was also issued a fine by the FDA. Lawsuits and fines aside, the FDA did not pull rosiglitazone off the market because the drug was deemed reasonably beneficial for treating type 2 diabetes.

Despite this episode, GSK completed its phase 1 trials testing rosiglitazone’s safety and absorption as an Alzheimer’s drug. Oddly enough, no published data can be found, which is suspicious given the drug’s tarnished safety profile. Notably, one of these trials tested the drug’s effect on heart health and was terminated without explanation.19

Whatever’s going on, we do know that two phase 2 trials followed and were duly published, but neither had impressive results. In the first, rosiglitazone didn’t reduce brain shrinkage or improve cognitive function among eighty Alzheimer’s patients after a year of treatment.20 In the second, no cognitive benefits emerged among 500 patients after six months of treatment.21 Facing these disappointments, GSK made the usual move: looking for better results in subsets of the participants. In a familiar plot, we learned that for patients who did not carry the risk gene ApoE4, rosiglitazone brought cognitive improvement.22

Grasping at this ray of hope, GSK limped into phase 3 and launched three separate trials, recruiting a total of more than 3,600 patients.23 In two of the trials, participants were allowed to take standard, palliative Alzheimer’s drugs. In the third, they were not. Other than this, the trials followed a similar design. Through genetic testing, participants were put into ApoE4 carrier or noncarrier groups. Within each group, they then randomly received rosiglitazone or placebo.

This elaborate design didn’t save GSK. Twelve months later, all three trials failed. The patients on rosiglitazone showed no improvement in cognition or daily function. It didn’t matter if they took rosiglitazone alone or with palliative drugs. It didn’t matter if they were ApoE4 carriers or noncarriers. The drug simply didn’t work. Upon this news, GSK terminated additional plans with rosiglitazone.

As GSK threw in the towel, the Japanese company Takeda Pharmaceutical was trying to hang on. Takeda manufactures the other commonly used insulin sensitizer, pioglitazone (brand name Actos). The company received free advertising when the news broke that GSK’s rosiglitazone causes heart diseases. During that controversy, Takeda’s pioglitazone was championed as posing significantly less cardiac risk.24 It also does a better job at reaching the brain, which makes it a more logical Alzheimer’s drug.25

But good press didn’t translate into cognitive effects. Transgenic Alzheimer’s mice that were fed a pioglitazone chow showed no memory improvement and struggled in the water maze.26 As for human trials, results are all over the place. In one, patients with mild Alzheimer’s showed improved cognition after six months of treatment.27 In another, patients with overall mild symptoms improved on some cognitive tests, but not others.28 In a third trial, mild-to-moderate patients experienced no benefits after 1.5 years of treatment.29

Taking these inconsistencies in stride, Takeda formed a strategy to recruit patients at the early stage of the disease, because their most positive results had come from those patients. This strategy led to the recruitment of 3,500 elderly participants who did not yet show cognitive symptoms.30 Genetic tests were used to determine who among them were at risk for Alzheimer’s by carrying the risk genes ApoE4 and TOMM40 (for more about TOMM40, see chapter 16). At-risk participants then randomly received pioglitazone or placebo to see if the drug can slow their imminent cognitive decline.

It didn’t. In January 2018, the trial was terminated when an interim analysis showed a lack of effect.

So much for insulin sensitizers.
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With our attorney, Sam, oral medicine eventually fell short, and insulin injection remained the only remedy powerful enough to treat his diabetes. Could the same be true for Alzheimer’s? If the Alzheimer’s brain is suffering from insulin shortage, then giving it insulin seems a more straightforward solution.

In two separate studies, when Alzheimer’s patients received insulin through intravenous (IV) administration (i.e., delivered through a tube inserted into the vein), their memory test scores improved.31 Presumably, insulin traveled up through the bloodstream into their brains. The effect, however, isn’t going to last because the added insulin will quickly wear off. Continuous IV boosts are not an option either, because that means putting excessive insulin into the blood,32 which, as mentioned previously, is thought to jam insulin transportation to the brain. In addition, excessive blood insulin will use up blood glucose, causing low blood sugar, dizziness, and fainting.

If only we can directly inject insulin into the brain, that would solve our problem. Unfortunately, direct brain injection, of anything, is not a well-established procedure. To solve this conundrum, researchers came up with a clever delivery method: the nasal spray. Insulin is sprayed around the nose, is sniffed in, and travels through the nose cavity into the brain, bypassing the blood altogether. Doing this creates a quicker, more direct access to the brain: once inhaled, insulin peaks in the brain in mere thirty minutes.33

In pilot studies, insulin nasal sprays helped patients with early signs of Alzheimer’s improve memory and attention.34 Patients became better at recalling story details and processing conflicting information (e.g., when the word red is written in a blue color). Caregivers also reported patients doing better in everyday life. The spray proved beneficial even for healthy participants, who demonstrated improved memory and reported “enhanced mood.”35

Following these initial studies, a series of trials, fittingly called SNIFF (Study of Nasal Insulin to Fight Forgetfulness), were pursued by a group of university researchers. Some of the trials tested regular insulin; others tested so-called long-acting insulin, which remains active for a longer period of time in the body.

The results of these trials are inconsistent. In one, four months of regular insulin helped Alzheimer’s patients remain stable, while those on placebo declined.36 In another, three weeks of long-acting insulin brought no overall benefit.37 In a third, neither regular nor long-acting insulin showed overall cognitive benefits after four months, although regular insulin boosted memory test scores.38

Despite this mixed bag, trial organizers continued to argue for the potential of insulin sprays. In their words, Alzheimer’s is “a devastating illness, for which even small therapeutic gains” matter.39 Pursing that hope, a phase 2/3 trial followed, recruiting 289 patients to receive one year of regular insulin sprays or placebo.40 Trial results came out in June 2020: failure. The sprays brought no cognitive or functional benefits. Upon this, trial organizers are arguing for further investigation into a better intranasal delivery device.
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Effective or not, deceptive or not, the insulin and glucose fixes that we have seen to date are gutsy. They present theories like “Increasing brain insulin treats Alzheimer’s” or “Burning ketones as an alternative fuel cures Alzheimer’s.”

By comparison, other diabetes drugs being tested for Alzheimer’s are wimpy. Their advocates do not promise anything specific; rather, they talk in general terms about the need to improve insulin signaling, normalize blood glucose, and protect neurons. Behind these lukewarm positions, one doesn’t get exactly where and how these drugs might help with Alzheimer’s. Instead, one gets the feeling that we are simply throwing all the available drugs at Alzheimer’s and hoping that something sticks.

First among these uncommitted drugs are “insulin stimulators,” which is not a technically correct name, but an apt descriptor. Their real name is GLP-1 agonists. GLP-1 is a hormone produced by the intestine when we eat. Agonists, put simply, are substances that enable biological actions. GLP-1 agonists, then, are drugs that mimic the natural actions of GLP-1.

What does GLP-1 do? It stimulates insulin production.41 True, the primary cue for the pancreas to produce insulin is the intake of food and the rise of blood glucose. But food also causes the intestine to produce GLP-1, which further stimulates insulin. Natural GLP-1, however, is rapidly degraded in the body, losing effect in minutes. That’s why we need GLP-1 agonists, which have a longer shelf life.

Although GLP-1 agonists stimulate insulin, there is no evidence that they are powerful enough to raise brain insulin, so their direct effect on the Alzheimer’s brain is fuzzy. Among the various GLP-1 agonists on the market, liraglutide (trade name Victoza), from the Danish pharmaceutical company Nordisk, went the farthest as an experimental Alzheimer’s drug. Notwithstanding its being the best in its group, the drug didn’t do too well. Animal test data are inconsistent. In one study, liraglutide reduced brain beta-amyloid in transgenic Alzheimer’s mice, helping the critters remember their escape route in the water maze and recognize familiar objects.42 In direct contrast, no effects on beta-amyloid, the water maze, or object recognition were found in other transgenic mice.43

Human results are no better. So far, the results are available for one small, six-month trial with thirty-eight patients: liraglutide did not reduce brain beta-amyloid or improve cognitive test scores.44 The trial organizers argued that these results are inconclusive—because the number of participants is too small and the trial too short.

One wonders: If that is so, why design the trial in this way in the first place? Had the results been positive, would they still be inconclusive? For more conclusive data, we will have to wait for a larger and longer trial (with 200 patients and one year of treatment) that is currently underway.45

If GLP-1 agonists could treat Alzheimer’s, by reverse logic, so might another type of diabetes drug. Recall that natural GLP-1 degrades rapidly, which is why GLP-1 agonists were created to lengthen its effect. But guess what—we know what degrades GLP-1: an enzyme called DPP-4. If we inhibit DPP-4, GLP-1 can keep on stimulating insulin and supposedly treating Alzheimer’s. Drugs that inhibit DPP-4, naturally, are called DPP-4 inhibitors.

A number of DPP-4 inhibitors are on the market, and several have been explored as an Alzheimer’s drug, such as linagliptin (trade name Tradjenta), vildagliptin (trade name Galvus), and saxagliptin (trade name Onglyza). In cell and animal studies, these drugs decreased beta-amyloid, reduced tau phosphorylation, protected neurons, and improved the cognitive performance of rats and mice.46

Human studies, however, are lacking. Some population studies did find that these drugs improved patients’ cognitive function, but these were type 2 diabetes patients, not Alzheimer’s patients.47 Plus, population studies are not randomized, placebo-controlled trials, so their value is doubly limited. As of now, I am not aware of Alzheimer’s clinical trials testing DPP-4 inhibitors.

Even worse than these drugs that lack compelling evidence are two that are borderline controversial.

The first is amylin—remember this by-product of insulin, a sidekick that helps control glucose (see chapter 13)? Amylin does this in several ways.48 It slows digestion so that food is converted to glucose gradually, not in overwhelming spikes. Amylin also sends the “full” signal to the brain, cuing us to stop eating and stop the influx of glucose. Last, amylin regulates liver activities. The liver keeps a glucose reserve and releases it into the blood between meals, and amylin stops this process after we are properly fed.

These functions make amylin a useful drug to regulate glucose in diabetes, but what do they have to do with Alzheimer’s? Well, Alzheimer’s patients, as mentioned in chapter 14, have a reduced brain glucose metabolism, so who knows—amylin, as a natural glucose regulator, might just help. Plus, amylin levels are low in people with Alzheimer’s, which suggests that there is some kind of deficit.49

But here comes the irony. Amylin also has some suspicious qualities. As mentioned in chapter 13, it builds up in the diabetic pancreas and damages pancreatic cells, just as beta-amyloid builds up in the Alzheimer’s brain and damages neurons. More alarmingly, amylin doesn’t stay put in the pancreas—it can wander into and clump together in the brain. In autopsied Alzheimer’s brains, small amylin plaques are seen lying next to or mixed up with larger beta-amyloid plaques.50 In this scenario, amylin seems like the sidekick of beta-amyloid rather than insulin. Yes, we can create synthetic amylin that doesn’t build up easily, but the idea of using amylin to treat Alzheimer’s still seems odd. In transgenic Alzheimer’s mice, both natural and synthetic amylin improved cognitive performance, but no human trial data are currently available.51

The last diabetes drug worth a quick mention is metformin. Metformin is an old drug, having been around since the 1950s. Safe, cheap, and easily available, it is used worldwide as the first-line, go-to medicine for diabetes. Its primary function is to reduce blood glucose. Like amylin, it does so by regulating the liver and reducing its glucose release.52

Metformin does not build up in the brain, but it too is controversial. While some cell and animal studies claim that metformin reduces beta-amyloid and tau anomalies and enhances cognitive function,53 others found the complete opposite.54

To settle the debate, researchers worldwide looked into the cognitive state of diabetic patients who regularly take metformin. In Taiwan, 25,000 diabetic patients were tracked for eight years. Among them, those taking metformin had a reduced risk of dementia.55 This was confirmed in Singapore, where metformin stalled cognitive decline among 365 older adults with diabetes.56 On the other hand, in the United Kingdom, long-term use of metformin increased the risk for Alzheimer’s among 14,000 elderly adults.57 This finding was repeated in Australia, where among 126 diabetic patients, cognitive performance was worse in those taking metformin.58

Despite these conflicting data, clinical trials were recently pursued. In a small study, twenty participants with mild cognitive symptoms were randomized to metformin or placebo. Sixteen weeks later, the metformin recipients’ scores improved in one cognitive test, but not others.59 Just as gloomy was a larger trial with eighty patients.60 After a full year of treatment, participants on metformin did better in one test, but not six others. Reflecting the drug’s noncommitment, trial organizers concluded that a “larger trial seems warranted.”61
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BACTERIA IN THE BRAIN

In hot and crowded chaos 14 billion years ago, out of nowhere and everywhere, a Big Bang took place. Cosmic debris was flung every which way, creating and expanding the universe. Very slowly, dust, gas, and fragments were pulled together by gravity, creating stars and planets. It took 10 billion years to form the planet we call home: Earth.

Back then, Earth had nothing to offer but scalding hot rocks. Beneath the surface, these rocks moved and collided, creating volcanoes that hissed and roared all day. Up above, meteorites and debris from the Big Bang visited, hitting Earth and leaving behind giant craters. There was no air, water, or atmosphere of any kind.

Slowly, the surface of Earth cooled, allowing liquid water to form. Whether water molecules always existed inside Earth’s rocks or they were brought by asteroids is a mystery. Meanwhile, gases from volcanic eruptions (chiefly carbon dioxide and nitrogen) created a protective atmosphere that would retain water.

Then life formed. How life sprang into existence is anyone’s guess. Some thought that a bolt of lightning shocked organic molecules out of inorganic elements. Others thought that meteorites from outer space delivered organic molecules. Whatever the case, fossil evidence shows that microorganisms started to exist on Earth some 3.5 billion years ago.

As life formed, it needed to harness energy and sustain itself. Because there was no oxygen on the early Earth, organisms learned to break down glucose without oxygen, inventing anaerobic metabolism. The process isn’t very efficient: one unit of glucose results in only two units of energy.1

Gradually, some bacteria learned to photosynthesize as modern-day plants do, using light, water, and other elements to produce energy. In that process, they released the crucial by-product of oxygen into Earth’s atmosphere. As oxygen grew, a new generation of organisms was born that practices aerobic metabolism, using oxygen to break down glucose. Far more efficient than anaerobic metabolism, aerobic metabolism can produce thirty-six to thirty-eight units of energy per glucose.2

Then one day, about 1.5 billion years ago, something unexpected happened: a larger anaerobic cell ate an aerobic bacterium. Curiously, the bacterium wasn’t digested; instead, the two started to cohabit. The engulfed bacterium enjoyed shelter and nutrients while it lived inside the larger cell; in return, it provided superior, oxygen-assisted metabolism to sustain its host. Over time, the arrangement became permanent, and the ancestral cell to modern-day plant and animal cells was born.

To this day, the engulfed bacteria remain in our bodies. We no longer call them bacteria, though. Today, they are known as mitochondria: tiny, bean-shaped structures responsible for harnessing energy from glucose. Each cell in the body contains hundreds or thousands of mitochondria. As little powerhouses, they provide energy that allow the muscles and organs, including the brain, to run.

Since being hijacked, mitochondria gave up most of their bacterial DNA. Only a small part remains today. This DNA, known as mitochondrial DNA, codes for a dozen or so proteins that allow mitochondria to perform their powerhouse duties.3 Mitochondrial DNA resides inside the mitochondria, is physically removed from a cell’s nuclear DNA, and is inherited separately during reproduction.

Was our ancestral cell lucky in inventing its own powerhouse? By all appearances, yes. Did it get more than it bargained for? According to the mitochondrial hypothesis of Alzheimer’s, also yes.
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Because of their crucial role as cellular energy providers, mitochondria are closely monitored by cells: damaged mitochondria are constantly repaired or cleared out and replaced by new ones. But as we age, mitochondria accumulate increasing damage and mutations. At some point, they are beyond repair or replacement and simply go out of commission. When that happens, energy production drops, shutting down cells in the muscles and organs, including the brain.

Indeed, the situation is especially dire in the brain, which has a higher energy need and yet a smaller number of mitochondria.4 These mitochondria also have a slow turnover, which means that they have longer lives and accumulate more damage than other mitochondria.5 In old rats, brain mitochondrial activities are reduced by 35–65 percent—way beyond what neurons can tolerate in terms of basic energy needs.6 When mitochondria are experimentally inhibited in mice, the animals develop Alzheimer’s-like symptoms, including neuron loss and cognitive decline.7 In Alzheimer’s patients, brain energy production can drop as much as 20 percent at the beginning of the disease and worsen as the disease progresses.8

Not only do damaged mitochondria shirk their powerhouse duties, they do active harm to cells. Inside mitochondria, energy production happens in a complex, oxygen-assisted process. As a normal part of this process, some unstable molecules that contain oxygen, known as reactive oxygen species, are created. These molecules are “reactive” because they have an unpaired electron, which pushes them to interact with other molecules like DNA and protein to either steal an electron or give away the extra electron. Molecules that are robbed or endowed also become reactive, creating a chain reaction inside cells.

Normally, this reaction is kept in check. Healthy cells are equipped with enzymes and other substances known as antioxidants. Antioxidants can donate or take electrons without becoming unstable themselves, so they balance out the unruly reactive species. However, when mitochondria become damaged, they produce more reactive oxygen species, tipping the balance.9 The result is oxidative stress—chain reactions that disturb normal cell function.

Once again, this stress is felt most acutely in the brain. Because of its high energy needs, the brain is involved in more energy production, and therefore is exposed to more reactive oxygen species.10 Moreover, the brain doesn’t come with robust antioxidant activities and cannot mount an effective defense.11 Already deprived of energy, and now attacked by oxidative stress, the brain caves in, losing its normal function and marking the onset of Alzheimer’s. Sure enough, in autopsies, the Alzheimer’s brain shows significantly high levels of oxidative damage.12

So if aged and damaged mitochondria are responsible for cognitive decline, why do some of us develop Alzheimer’s and some don’t? According to the mitochondria hypothesis, all of us will eventually get the disease if we live long enough—because defunct mitochondria are the very definition of aging, and no one can escape aging. But our mitochondria deteriorate at different rates.13 Each of us is born with a baseline of mitochondrial function determined by genetics (specific genetic factors unknown). During our lifetimes, both genetic and environmental factors (again, specifics are unknown) determine how fast this baseline drops. If we have a low baseline and fast decline, we age faster and develop Alzheimer’s in our sixties. If we have a high baseline and slow decline, we age slowly and won’t show cognitive impairment until we are eighty or ninety, when we might have, well, died of other causes, Alzheimer’s free.

With its lack of specifics, this mitochondria-driven disease process seems a little on the speculative side. But the hypothesis does have something intriguing up its sleeve. Strictly speaking, late-onset Alzheimer’s is not inherited, as early-onset Alzheimer’s is. There is no disease-causing genetic mutation, only the ApoE risk genes. But back in the 1990s, we noticed a curious pattern: if a patient has a parent who also has Alzheimer’s, that parent is more likely to be the mother than the father.14 In other words, mothers seem to contribute more risks than fathers do and are the “carriers” of the disease, so to speak.

In support of this idea, studies show that people with an Alzheimer’s mother, even when they appear cognitively normal, harbor Alzheimer’s-like symptoms in their brains: reduced metabolism, brain shrinkage, and beta-amyloid deposits.15 By contrast, people with an Alzheimer’s father do just fine, showing little difference from those who have no family history of the disease.

This maternal pattern lends credence to the mitochondrial hypothesis because mitochondria are inherited exclusively from the mother. During reproduction, the typical mammalian sperm contains 50–75 mitochondria, while the typical mammalian egg contains 100,000 to 100 million mitochondria.16 Hence one is effectively diluted by the other, and what trace amount of sperm mitochondria exists, the fertilized egg actively destroys, so only maternal copies are passed on.17 If Alzheimer’s risk indeed comes from the mother, then that risk very likely lives inside mitochondria, in its separate little stretch of mitochondrial DNA.

The problem with this theory is that no definitive mitochondrial DNA culprit has been found. Some mitochondrial DNA mutations were reported to be more common in Alzheimer’s patients (e.g., the total disappearance of about 5,000 bases), but there’s plenty of conflicting evidence.18 Aside from mutations, researchers looked into normal population differences. As our ancestral mothers settled in different regions around the globe, generations of their offspring developed unique changes in their mitochondrial DNA, giving rise to so-called mitochondrial groups and subgroups. For example, the L group is commonly found in Africa, while the M group dominates Asia. Again, there is conflicting evidence regarding which mitochondrial groups face a higher or lower risk of Alzheimer’s.19

Missing a mitochondrial DNA smoking gun, the hypothesis turned to a powerful ally with his evidence in nuclear DNA.
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The name of Allen Roses is known to everyone in the field of Alzheimer’s. A neurologist at Duke University, Roses discovered the ApoE gene in the 1990s (see chapter 5). His discovery enabled and inspired decades of studies that use the ApoE4 risk gene, the ApoE2 protection gene, and the ApoE3 neutral gene to explore Alzheimer’s causes and cures.

A maverick, Roses didn’t think much of the prevailing beta-amyloid paradigm. He thought that beta-amyloid buildup was the result, not the cause, of Alzheimer’s. A true maverick, Roses didn’t think too highly of his own success either. He knew full well that ApoE didn’t explain everything. Plenty of people without the ApoE4 risk gene develop Alzheimer’s, and plenty of people with the gene escape it. All in all, ApoE explains only about 50 percent of late-onset Alzheimer’s cases, which means there are additional genes out there waiting to be found.20

People have been looking, everywhere, for those mystery genes. Thanks to advances in genomic sequencing technology, researchers today can efficiently comb through the DNA of tens of thousands of people in search of risk genes. But the technology is a double-edged sword: its ability to compare huge amounts of DNA from diseased and healthy individuals allows us to detect genes that account for very little, if any, disease risk. At present, more than twenty Alzheimer’s risk genes have been found. But compared with ApoE, their effect is minimal, not to mention inconsistent across studies. While the bad ApoE gene, ApoE4, can increase the odds of getting Alzheimer’s by three to five times, these other genes make at most a 1.2–1.3 times difference.21 Given their weak predictive power, these genes have no real value in clinical practice.22

Allen Roses had been looking too. In 2010, nearly two decades after discovering ApoE, he announced to the world that he had done it again—he had found the missing piece: the TOMM40 gene.23

TOMM40, pronounced just as it’s written, resides on chromosome 19, the same chromosome where ApoE lives. In fact, the two are close neighbors—hardly a coincidence, considering that we have more than 20,000 genes scattered over twenty-three pairs of chromosomes. The TOMM40 gene instructs cells to produce the TOMM40 protein, and guess what: this protein is intimately related to mitochondria. Indeed, it lives right inside the mitochondria membrane. Like some bacteria, our mitochondria have two membranes: a smooth outer one and a corrugated inner one. TOMM40 is embedded in the outer membrane.

The full name of TOMM40 explains what it does in that membrane: 40 indicates the protein’s weight (40 kilodaltons), and TOMM stands for translocase of (the) outer mitochondrial membrane. Translocase refers to a protein that moves other molecules, usually across a membrane. TOMM40, then, is a protein that moves molecules across the mitochondrial outer membrane into mitochondria. It accomplishes this by opening a gate in the membrane for molecules to pass through.

As a gatekeeper, TOMM40 is essential. Although mitochondria have their own mitochondrial DNA, that DNA is so small that it begets only 1 percent of the proteins that mitochondria need for daily operation.24 The other 99 percent is coordinated by nuclear DNA, manufactured outside mitochondria, and then shipped in through the outer membrane. If TOMM40 fails to open the gate, these essential proteins can’t get in, which can disrupt mitochondria’s powerhouse duties, starve neurons, and cause cognitive decline.

What separates a good gatekeeper TOMM40 from a bad one, according to Roses, is a region of its DNA called poly-T. Most of our DNA, in TOMM40 and elsewhere, looks like a random combination of the four DNA bases—A (adenine), T (thymine), C (cytosine), and G (guanine). But one region in TOMM40 stands out by having only Ts, so literally, it is a poly-T (e.g., TTTTTTTTTTTTTTTTTTTTTT). The number of Ts in this region differs from person to person. A short poly-T has fewer than twenty Ts, while a long one goes over thirty. This varying length, Roses claimed, is the missing piece that, together with ApoE, determines when a given person will develop late-onset Alzheimer’s.

The idea goes like this: TOMM40 and ApoE, the two neighbors on chromosome 19, mingle in interesting patterns. When there is a bad ApoE4, the next-door TOMM40 would have a long poly-T. When there is a neutral ApoE3, the next-door TOMM40 would have either a short or a long poly-T.25

This pattern doubles up in each individual person because each of us has two sets of chromosomes (two chromosome 19s, two ApoEs, and two TOMM40s). How these patterns supposedly speed up or delay Alzheimer’s is depicted in figure 16.1. The main takeaway is that long poly-Ts are harmful and speed up Alzheimer’s, with or without the presence of bad ApoE4; by contrast, short poly-Ts are protective and delay Alzheimer’s even if ApoE4 is there.26


   

   
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
	
	
		
	
		
	
		
	
	
	
		
	
		
	
		
	
		
	
	
	
		
	
		
	
		
	
	
	
	
	
		
	
		
	
		
	
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




   


FIGURE 16.1 Combinations of ApoE and TOMM40 determine when a given person develops Alzheimer’s.

Convinced that he’d found the missing gene, Roses founded a startup to further test and commercialize TOMM40. His goal was to create a genetic test formula that could predict a person’s likelihood of developing Alzheimer’s within five to seven years. A predictive test isn’t a cure, but it still would be highly valuable. Researchers could use it to identify at-risk populations and test for treatments, and doctors could use it to improve patient diagnosis and care. Partial to red wine, Roses named his company Zinfandel Pharmaceuticals.

The rest of the world, however, was less impressed with Roses’s idea. If you know the intricacies of how babies are made, you’ll see why. I, for one, didn’t. I thought that all eggs produced by a mother are identical and carry her DNA, but that’s not true. During egg production, a mother’s chromosomes randomly break, cross over, and recombine to produce an egg. This reshuffle produces a unique egg each time. The same is true with sperm. This reshuffling is nature’s way to diversify and enrich our DNA. It also means that a chromosome is not passed down to a child intact and wholesale. Rather, it is inherited in segments. Segments with harmful genes can be selected against, while segments with useful genes may prevail.

When a chromosome randomly breaks into segments, genes on it that sit far from each other are more likely to be separated. Conversely, genes that sit near each other, like TOMM40 and ApoE, are more likely to end up in the same segment and be inherited together. Because the two genes often travel together, TOMM40’s power to predict Alzheimer’s may simply reflect the same power that ApoE has.27 It is, in other words, the same finding dressed in different clothes.

Sure enough, in a larger study (with 20,000 participants, as opposed to the 300 in Roses’s study), ApoE/TOMM40 was initially found to predicate a person’s risk for Alzheimer’s, but once the effect of ApoE was removed, TOMM40 no longer had predictive power.28 This finding suggests that the detected risk for Alzheimer’s comes solely from ApoE. Other studies, testing 1,000-1,500 participants each, had similar results.29

Roses was no stranger to such skepticism. Back in the 1990s, his ApoE finding was also challenged before it was widely proved. “It’s like déjà vu all over again,” Roses said, “several of the overt ApoE skeptics of 1993–1995 were also the same negative voices [now].”30 To Roses’s credit, some studies did connect long poly-Ts with a higher disease risk or an earlier age of onset.31 But between these and Roses’s studies, there is no agreement on what constitutes “long.” In some studies, a long poly-T had more than twenty-one Ts; in others, it had more than twenty-seven or more than thirty Ts. There is also confusion on whether very long poly-Ts (presumably, thirty and above Ts) are protective, harmful, or both.32

In 2013, Roses’s formula was used in a phase 3 trial aptly named TOMMORROW, a name that hints at TOMM40 and the hope for a better tomorrow for people with Alzheimer’s. TOMMORROW is a unique trial. Coorganized by Roses’s Zinfandel Pharmaceuticals and the Japanese company Takeda Pharmaceutical, the study tried to kill two birds with one stone: test both Roses’s formula and Takeda’s drug, pioglitazone. We have seen this drug before as an insulin sensitizer (see chapter 15), but there is also evidence that pioglitazone can improve mitochondria. In cell and animal studies, pioglitazone increased mitochondrial DNA, stimulated mitochondrial growth, reduced oxidative stress, and enhanced energy production.33

TOMMORROW enrolled 3,500 cognitively normal older adults and first ran Roses’s test to determine their risk for Alzheimer’s in the next five years. Participants determined to be high risk randomly received pioglitazone or placebo to determine if the drug can slow the disease onset. The low-risk participants received only placebo, in order to see if their TOMM40/ApoE combinations, as Roses’s test predicts, are sufficient to stall Alzheimer’s.

Unfortunately for Roses, this trial didn’t come to fruition. In early 2018, Takeda called it quits. In interim analysis, their drug showed no hope for a treatment effect.34 What this means for Roses’s formula is unclear. No data have been published, and Roses is no longer with us to give his opinion. He succumbed to a heart attack in 2016, a tremendous loss to the field.
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EAT YOUR VEGETABLES (AND BERRIES)

Growing up, I was constantly lectured by my mother that I didn’t eat enough vegetables. Vegetables, I was told, contain vitamins essential for my health. In the name of health, I was proffered and cajoled (and sometimes coerced) to eat, among other green items, bell peppers, which I detested.

As an adult, I learned that people may not get enough vitamins from food if they don’t stick to a healthy diet or if they don’t absorb them well. Guilty of not eating particularly well (I still don’t like bell peppers), I started taking daily multivitamins and have continued to do so for the last ten-plus years. It feels good to be doing something about my health, especially when it is something easy to do, unlike overhauling my diet.

Nevertheless, I wasn’t clear on all the essential functions that vegetables and vitamins perform in my body. I had a vague sense that they are an important nutrient, aid my skin and bones in wonderful ways, and are often not to be found in the high-carb, high-fat modern diet. I was, therefore, pleasantly surprised that vegetables and vitamins, according to the mitochondrial hypothesis, can protect my brain and stall Alzheimer’s.

Ironically, this is not a point that the hypothesis feels especially proud of. If the cause of Alzheimer’s, as the hypothesis believes, is aged and defunct mitochondria, the real solution should be to replenish or repair those mitochondria. That would solve the root of the problem, increase energy production for the brain, and enhance neuron performance. And in theory, this can be done. It is well known that endurance exercise can generate new mitochondria in muscle and enhance athletic performance.1 We can also slip healthy mitochondrial DNA into defunct mitochondria to repair their damage.

But in reality, neither option is practical. It turns out that brain cells are a lot harder to motivate than muscle cells. Exercising old mice on a treadmill may or may not regenerate brain mitochondria, depending on the study,2 and no experiment has yet confirmed the effect in humans. As for DNA repair, the entrance into mitochondria is so tiny compared to the size of DNA that trying to slip in healthy DNA, as some researchers put it, is “akin to a camel passing through the eye of a needle.”3

Given these reality checks, if the hypothesis wants something to work with today, it has to make do with an indirect solution: antioxidants. As mentioned in chapter 16, a suspected cause of aging and Alzheimer’s is oxidative stress caused by reactive oxygen species, which react with DNA and protein and disrupt normal cell functions. Normally, reactive molecules are kept in check by antioxidants, which can donate or steal electrons to neutralize them. But when mitochondria become damaged, they produce excessive reactive molecules, tipping the balance. If we can’t fix mitochondria to get at the root of the problem, maybe we can try increasing our body’s antioxidant defenses so we can salvage at least some brain cells.

The most direct way to increase antioxidants is to boost them genetically so they overexpress in the body. So far, no such attempt has been made on humans—for good reason, judging by what happened to fruit flies that underwent the procedure. It did wonders for some flies; they increased metabolism and decreased oxidative damage, remained physically fit in old age, and enjoyed a one-third to one-half increase in life span.4 But not all the flies were so lucky. In some, overexpressing the same antioxidants either failed to produce a benefit or actually reduced their life span.5

Before we can refine this procedure for humans, the hypothesis will once again have to settle. And that’s where vegetables (and fruits) and vitamins come in. Vitamins E and C, which are plentiful in vegetables, are renowned antioxidants, and fruits, especially berries, are rich sources of several antioxidants, such as flavonols and anthocyanins. Lacking pharmaceutical treatments, the mitochondrial hypothesis diligently explored the cognitive benefits of these supplements and foods.
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Because many people, like me, regularly take vitamin supplements, researchers had no difficulty organizing large population studies to assess vitamins’ cognitive effects. In Cache County, Utah, 4,700 elderly residents were followed for three years for this purpose.6 Among them, people who took both vitamins E and C saw a reduced risk for Alzheimer’s. The separate use of vitamin E or vitamin C, however, had no effect. Researchers reasoned that the two vitamins needed to work as a team. Vitamin E donates an electron to a reactive oxygen molecule, neutralizing it. Having done that, vitamin E loses its antioxidant effect. Vitamin C then gives an electron back to vitamin E, effectively recycling it.

Unfortunately, this result didn’t bear out elsewhere. In New York City7 and Seattle, a combined 4,000 elderly residents were followed for an average of 4 and 5 years, respectively.8 In both communities, the combined use of vitamins E and C did not reduce Alzheimer’s risk—and neither did their separate use, in case you were wondering.

To settle the debate, we once again need clinical trials in which we can more precisely control what and how much of a supplement participants take and compare it with placebos. Multiple such trials have been completed. In one, some 6,000 nondemented elderly women were randomized to taking vitamin E or placebo for four years.9 Despite the long treatment, the supplement failed to produce cognitive benefits. Men fared no better. Among some 7,000 nondemented elderly men, five years of taking vitamin E didn’t reduce their risk for dementia.10 When tried on patients with Alzheimer’s and mild cognitive impairment, vitamins E and C delivered mixed results.11 In some trials, they helped patients cope with daily activities, but in others, they made no difference or actually worsened cognitive test scores.

These results are personally disappointing, even though I never expected miracles from the vitamins that I take daily. If my mother finds out about these results, she will be very triumphant, for she always says that supplements are a copout. What I need, she insists, is eating more vegetables and fruits and getting my nutrients the natural way. However, if antioxidants are what we need to combat aging and cognitive decline, the amount that we can get from food is much lower than what’s packed into concentrated pills, so why bother?

To my chagrin, I could be wrong about this—and my mother right. Apparently, among some 800 elderly residents of Chicago, those who consumed more vitamin E from food had a lower risk for Alzheimer’s.12 The same was found about higher dietary intake of vitamin C or vitamin E by 5,400 elderly Netherlanders.13

How can diets possibly help when larger amounts of vitamins from pills don’t? Some researchers suggest that this is because how long is more important than how much: food intake reflects lifelong habits, while supplement use is of relatively shorter duration.14 Other researchers say that this is because diets rich in vegetables and fruits give us not only vitamins, but other antioxidants—namely, polyphenols—that are the true savior of the brain.
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Rich in plants, polyphenols are molecules with a ring-shaped chemical structure. Powerful antioxidants, they are used by plants to defend against ultraviolet radiation and disease-causing bacteria and viruses.15 Based on more detailed chemical structures, polyphenols can be further divided into groups and subgroups, some of which exist in many plants, while others are specific to certain ones.16 Everyday vegetables—spinach, onion, cabbage, and broccoli—are rich in polyphenols, as are berries of all kinds—blueberries, cherries, blackberries, and strawberries.

When old rats were fed these foods (specifically spinach and berries), they were rejuvenated in their cognitive and motor skills.17 At twenty months of age, which is the human equivalent of sixty years, the rats escaped water mazes, balanced on rotating rods, and gracefully suspended from wires—quite the action-packed adventure. In transgenic Alzheimer’s mice, eating blueberries likewise reversed cognitive impairment.18

In our efforts to verify these benefits in humans, we had an unexpected assistant: contraceptives. In 1960, the U.S. Food and Drug Administration (FDA) approved the first oral contraceptive. Five years later, the Supreme Court legalized its use among married couples; another seven years later, the ruling was extended to all women, married or otherwise. All of a sudden, millions of women across the country were on “the pill.”

The safety of the pill, however, remained uncertain, and serious side effects, including stroke and heart disease, were suspected. To examine the long-term safety of oral contraceptives, in 1976, the National Institutes of Health sponsored the Nurses’ Health Study. The study recruited 121,700 female nurses who were, at the time, thirty to fifty-five years old.19 Every two years, the nurses completed questionnaires about their contraceptive use and health conditions.

In 1980, the study expanded to include diet and nutrition, so the nurses also completed questionnaires detailing what they regularly ate and how much.20 The questionnaires were mailed to them every four years to capture their long-term dietary habits.

Four or five rounds of food questionnaires later, the original cohort of nurses had aged into their seventies. From 1995 to 2001, 16,000 of these elderly nurses underwent cognitive assessment. Among them, those who had eaten more blueberries and strawberries over the years had slower cognitive declines, passing for someone two years younger than their age.21 In a separate assessment of 13,000 elderly nurses, those who ate more vegetables (though not fruits, in general) also had slower cognitive declines.22 The most effective of these vegetables were leafy greens, such as spinach and romaine lettuce, and cruciferous vegetables, such as broccoli and cauliflower.

Similar results were found in mixed-gender populations. In a six-year study of 3,700 elderly residents from the south side of Chicago, eating more than two servings of vegetables a day delayed cognitive decline by a whopping five years.23 Again, leafy greens had the strongest effect, and fruits were not helpful as a whole.

Outside the United States, researchers tracked the consumption of plant-based polyphenols through two national beverages: wine in France and green tea in Japan. Among the French, mild wine drinkers (one to two glasses a day) saw their Alzheimer’s risk reduced by half, and moderate drinkers (three to four glasses a day) enjoyed a three-quarters risk reduction.24 Among the Japanese, frequent green tea drinkers (five cups or more a day) reduced their risk for dementia by one-fourth.25

Together, these findings led some researchers to propose a “MIND diet,” which emphasizes eating leafy greens and berries (but not fruits in general). It also encourages other polyphenol-rich, plant-based foods and beverages such as vegetables in general, nuts, beans, whole grains, and wine.26 In a study of 900 elderly residents in the Chicago area, participants whose diet most resembled the MIND diet delayed their cognitive decline by up to 7.5 years and reduced their Alzheimer’s risk by about 50 percent.27

Before you rush to the store and stock up on the items of the MIND diet, keep in mind that all these fantastic results come from “observational studies”—studies where we are merely observing people’s diet and health outcomes, as opposed to providing them a dietary treatment and assessing health outcomes. Because there is no intervention, we can’t say that polyphenol-rich diets actually cause cognitive benefits. For all we know, the two may simply coexist and are both caused by some other factors.

To prove cause and effect, we need studies that intentionally compare polyphenol-rich foods with placebos. So far, a handful of studies have been completed (all very small), but the results are more or less promising. Drinking blueberry juice every day for three months, compared with placebo, improved word learning and recall among nine older adults.28 Drinking a mixed-berry beverage every day for five weeks improved forty older adults’ ability to remember and process information.29 Grape juice is iffier, though: in one study, drinking grape juice for three months improved memory in twelve older adults with mild cognitive impairment;30 in another, four months of drinking the same juice had no such effect.31
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Despite these studies—and even with more and larger studies—it’s difficult to know precisely which vegetables or berries or other MIND foods can rescue our brain, or how much of them we need to eat. This is because plant foods do not come with neatly identified and measured polyphenols. Apples alone, for example, contain a dozen different polyphenols, and apples are one rare food item for which polyphenol compositions are known.32 For most other foods, we don’t know. The polyphenol contents of a given food also vary depending on sun exposure and rainfall, how ripe that food is, and how it is processed or cooked.33 Further, once consumed, polyphenols are absorbed differently depending on a person’s digestive system.34 Interactions with other foods might make a difference too. Adding milk to tea, for example, has been reported to cancel out the effect of tea polyphenols.35

It is also possible that food, unlike purified drugs, works not through one but multiple mechanisms. In addition to being antioxidants, plant foods and their polyphenols are anti-inflammatory. And coincidentally, the Alzheimer’s brain is known to harbor inflammation (see chapter 19 for details about the inflammation hypothesis).

Given the current state of knowledge, I am not particularly motivated to live by the MIND diet, but others may, especially if they already enjoy those foods. It’s like what French researchers say: there’s no reason to stop the elderly from enjoying wine, given its possible health benefits, but advising all elderly people to start drinking regularly would be premature.36
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BLOOD, HEART, AND BRAIN

Ramesses II (1303–1213 BC) ruled Egypt for sixty-seven years. A fearless warrior, he led Egyptians into countless battles, conquering cities, repressing rebels, and expanding borders. A prolific builder, he erected more temples, took more wives, and fathered more children (allegedly more than 160) than any other pharaoh.1 Many believe him to be the pharaoh who chased Moses and the Israelite slaves out of Egypt.

At a time when the average life span was no more than forty,2 Ramesses II seemed an immortal god. He kept on living, and ruling, to the remarkable age of ninety. When he finally died, the pharaoh was meticulously mummified for a blissful afterlife. Priest embalmers washed his body with palm oil, made a cut in his torso to remove the inner organs, filled the body with incense and perfumes, and even stuffed the nose with peppercorns to preserve its angular shape.3

The removed liver, lungs, stomach, and intestines were preserved in jars and buried with the mummy. The pharaoh’s brain, however, was nonchalantly discarded. In ancient Egypt, the brain was considered an inferior organ. It was cold and bloodless, and its function was supposedly to secrete water and mucus through the nose.4 Surely the great pharaoh could do without it in his afterlife. To remove the brain, the embalmers inserted a long, metal hook up Ramesses II’s nose into his head. They rotated the hook to blend and liquify the brain and then drained it through the nose.

Of all the organs, the heart was left inside the mummy. This was considered the one organ too precious to risk separation. To the ancient Egyptians, the heart was the source of consciousness, intelligence, and spirit—the passage to eternal life. Upon death, the heart would be weighed against the goddess Maat’s feather, a symbol of truth and justice. If the heart were light, the deceased had lived virtuously and could enter eternal life. But if the heart were heavy with wrongdoing, the deceased would be devoured by the demoness Ammut, who is part lion, part crocodile, part hippo, and die the ultimate death.

Although the ancient Egyptians were mistaken in dismissing the brain, they were remarkably ahead of their time in understanding the heart. They knew that the heart was the pumping center of a system of vessels that distributes blood to the body.5 Without a healthy heart, there could be no blood, no life, no mind. The heart and mind thus became synonymous. Diseases such as depression and dementia, which were already recorded in ancient Egyptian medical papyri, were entered accordingly as diseases of the heart.6

Several thousand years passed before modern medicine appreciated this connection between the heart and dementia. Although physically separate, the brain and the heart are connected by elaborate blood vessels, the so-called vascular system. An integral part of this system is arteries, blood vessels that carry blood from the heart to the rest of the body, including the brain, in order to deliver oxygen and nutrients. If arteries are clogged and hardened by cholesterol and other buildups, blood flow to the brain may be interrupted. Deprived of oxygen and nutrients, regions of the brain wither away and corresponding cognitive functions are lost. This condition is known as vascular dementia, the second-most-common dementia after Alzheimer’s.7

Although they are both dementias, Alzheimer’s disease and vascular dementia have notable differences.8 Inside the brain, Alzheimer’s features beta-amyloid plaques and tau tangles, while vascular dementia is recognized by lesions, or abnormal brain tissue. Further, Alzheimer’s has a gradual onset, while vascular dementia can happen suddenly, when clogged arteries cause a stroke and damage brain functions. In Alzheimer’s, memory is significantly affected, but in vascular dementia, memory may be mildly or not at all affected. Instead, patients suffer from early and severe impairment in executive function, characterized by an inability to pay attention, plan, organize, and follow through with tasks.

Despite these differences, separating Alzheimer’s and vascular dementia is not always straightforward. Vascular dementia is a complex disease, with varied symptoms, and defies clear-cut diagnosis.9 In addition, symptoms of the two diseases may coexist in, by some estimation, 40 percent of demented elderly people.10 In fact, Dr. Alois Alzheimer’s patient number one, Auguste Deter, and number two, Johann Feigl, both showed brain blood vessel damage, but the damage was minor compared to the numerous plaques found in their brains.11 This, together with their gradual decline, led Alois Alzheimer to exclude vascular dementia and favor the diagnosis of a new disease that now bears his name.

Alois Alzheimer would be surprised that a century later, we are revisiting the idea that Alzheimer’s disease may indeed find its origins in the heart and blood. Welcome to the vascular hypothesis.
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We all know that in heart disease, cholesterol is a serious culprit. This waxy substance builds up inside blood vessels, blocks blood flow to the heart, and triggers heart attacks. In Alzheimer’s, the vascular hypothesis also tags cholesterol as a suspect. In making this assertion, the hypothesis’s number one evidence is ApoE. Recall that a bad ApoE, ApoE4, increases the risk for late-onset Alzheimer’s, whereas a good ApoE, ApoE2, reduces that risk (see chapter 5 for more details). How ApoE does this is unknown, but the vascular hypothesis has put its money on cholesterol.

Contrary to the lore of healthy eating, cholesterol is not purely evil. It is, in particular, an essential nutrient for the brain, which stores 25 percent of the body’s cholesterol despite its small weight.12 In the brain, cholesterol is an important ingredient for building cell membranes and protecting axons, those long antennas that transmit brain signals.13 Without cholesterol, there can be no information processing, memory, or learning.

Because cholesterol does not dissolve in the blood, in order to travel through the bloodstream, it has to ride with particles called lipoproteins, which have a soluble outer shell and can package cholesterol for transportation. An integral part of this outer shell is a protein called apolipoprotein. Different types of apolipoproteins exist, and one, commonly found in the brain, is apolipoprotein E. Where does this protein come from? It is produced per instructions of the ApoE gene! In other words, the late-onset Alzheimer’s risk gene is intimately involved in cholesterol transportation within the brain. Coincidence? The vascular hypothesis doesn’t think so.

Perhaps, the hypothesis suggests, Alzheimer’s is simply the result of brain cholesterol deficiency. Perhaps different ApoEs are not equally good at transporting cholesterol. ApoE4, being an incompetent courier, does not allow enough cholesterol to be delivered to neurons, which weakens their function and leads to Alzheimer’s.14

This is a beautifully straightforward story, but the reality is not that simple. When we examined the brains of deceased Alzheimer’s patients, sometimes the cholesterol measurement came out lower than normal, as the story predicts, but at other times, it was higher than normal.15

With these contradictions, the hypothesis gets a little wishy-washy. In an alternative story of how cholesterol causes Alzheimer’s, excessive rather than deficient cholesterol is blamed. Presumably, high cholesterol, by blocking blood vessels, impedes blood flow to the brain and causes damage and cognitive loss. Cholesterol may also beget beta-amyloid deposits. When mice were fed a high-cholesterol diet, beta-amyloid deposits in their brains increased; when they were given cholesterol-lowering drugs, the deposits decreased.16 Population studies provide additional evidence. In Finland, among 1,500 middle-aged adults, high cholesterol increased their risk for Alzheimer’s twenty years later.17 Similar results were found among 9,800 northern Californians.18

Before you buy into this high-cholesterol story, know that it is not without its own contradictions. In Framingham, Massachusetts, researchers followed some 1,000 residents for forty years and found that high cholesterol had no effect on Alzheimer’s.19 In fact, among 1,100 elderly New Yorkers, high-density lipoprotein (HDL) cholesterol (aka the good cholesterol) was linked to a reduced risk for Alzheimer’s.20

Vexed by these contradictions? Well, another caveat may render everything moot. In the population studies cited so far, what was measured was participants’ blood cholesterol, not brain cholesterol—which we can’t directly measure in living humans. As far as we know, blood and brain cholesterol are separate things. Blood cholesterol is made by the liver and influenced by diet, while brain cholesterol is made on-site by the brain itself. The two don’t mingle because of the blood-brain barrier, a border of tightly packed cells separating circulating blood from the brain. Given this fact, how blood cholesterol, whether high or low, affects the brain is a mystery.

Perhaps, contrary to conventional wisdom, there is cross-talk between the two?21 In one study, mice fed a high-cholesterol diet (and killed later for analysis) showed increased cholesterol not only in the blood, but also in their brains.22 Does this happen in humans? We don’t know.
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Every time you go to the doctor’s office these days, they take your blood pressure, even for routine cleaning appointments at the dentist. Every time, I am reminded that my blood pressure is a bit low. I duly nod each time and say, “It makes me dizzy when I stand up too fast.” “Yes,” a sympathetic doctor would say, “but that’s better than high blood pressure.”

High blood pressure, also known as hypertension, happens when blood traveling inside the arteries builds up excessive force and pressure. At first thought, a strong blood flow may not seem all that bad. But blood forcefully beating on the artery walls will damage and weaken their delicate tissues. Over time, arteries may rupture and blood clots may form, disrupting blood supply to the brain and causing stroke, brain damage, and a sudden onset of vascular dementia.

Given this series of events, taking antihypertensive drugs to lower blood pressure ought to help reduce vascular dementia. This theory was tested in a pan-European study in the early 1990s.23 Over 2,400 cognitively normal older adults with high blood pressure randomly took antihypertensive drugs or placebo. After five years, those taking the drugs reduced their blood pressure and, as expected, had fewer cases of vascular dementia.

Unexpectedly, they also had fewer cases of Alzheimer’s.

A world away, in Honolulu, Hawaii, more than 4,600 Japanese-Americans were recruited through their World War II military service registration for a decades-long aging study.24 These veterans had their blood pressure measured back in the 1960s and 1970s, when they were middle-aged men. Then, in 1991 through 1993, the surviving participants were tested for dementia. Among them, those with high blood pressure in midlife were more likely to develop Alzheimer’s in old age; taking antihypertensive drugs reduced this risk.

Together, these studies seem to say that Alzheimer’s and vascular dementia have a shared origin in blood pressure. Perhaps high blood pressure not only causes stroke and sudden vascular dementia, it can gradually damage blood vessels, allow cholesterol and other substances to build up within them, diminish blood flow and oxygen supply to the brain, and beget a gradual dementia typical of Alzheimer’s.25 Damaged blood vessels also lose their ability to clear away beta-amyloid, allowing it to build up in the brain and cause further damage.26

This theory could explain why Alzheimer’s risk increases with age. As we grow older, blood flow to the brain naturally declines. From the time we are twenty to when we are sixty-five, blood flow to the brain drops 15–20 percent.27 In youth, the brain can handle some damaged vessels and reduced blood flow, but in old age, the already-struggling brain is pushed over the edge. Accordingly, compared with cognitively normal older adults, those with Alzheimer’s show further decreased blood flow to parts of the brain that are important for memory and cognition, such as the hippocampus.28

Unfortunately, as you probably expected, contradictory evidence exists. If damaged blood vessels cause Alzheimer’s over time, then vessel damage ought to coexist with hallmarks of the Alzheimer’s brain—beta-amyloid plaques and tau tangles. But autopsy studies found no such relationship.29 More ironically, some Alzheimer’s patients show increased blood flow in their brains, sometimes in the same brain region where fellow patients have seen decreased flow.30

These contradictions, advocates of the vascular hypothesis argue, reflect the dynamic nature of the Alzheimer’s brain. As the disease progresses, the brain is not simply dying, but also adjusting. Blood flow decrease is a sign of gradual decline; blood flow increase is the brain’s effort to compensate, if only temporarily, for its destruction.31 Ergo, decrease and increase coexist. While this explanation makes big-picture sense, it certainly is short on details: What precisely does this dynamic landscape look like? When and where does blood flow increase? When and where does it decrease?

If one looks closer at population studies that connect high blood pressure with Alzheimer’s, one will uncover additional discrepancies. It is well known that a blood pressure reading comes in two parts (e.g., 120 over 80). 120 is the systolic pressure, which is the blood pressure on the artery wall when the heart beats, and 80 is the diastolic pressure, which is the blood pressure between heartbeats. In the Honolulu Japanese-American study, high diastolic pressure increased Alzheimer’s risk. But in Finland, that pressure made no difference; rather, high systolic pressure increased Alzheimer’s among 1,400 participants.32
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All things considered, the current evidence for a vascular hypothesis, whether tying Alzheimer’s to cholesterol or blood pressure, seems weak. But that didn’t stop those who believed in it from joining in the search for a cure. Modern drug design is supposed to follow a rational process: identify disease-causing agents, clarify their working mechanisms, and then purposefully design drugs to target them. But in desperately trying to conquer Alzheimer’s—and failing ­continuously—we seem to have entered a postrational era, in which expediency (and positive thinking) keep us going. Because drugs for high cholesterol and high blood pressure already exist, try them we must.

Multiple cholesterol-lowering drugs are on the market, but the most common are statins. To be precise, statins are not one drug, but rather a group of drugs with the same working mechanism. They reduce cholesterol by inhibiting an enzyme called HMGCR, which is required for cholesterol synthesis. Without HMGCR, cholesterol cannot form.

Statins rose to fame as an Alzheimer’s treatment with the publication in 2000 of two studies claiming that the drugs could prevent Alzheimer’s. One study was conducted in the United States,33 and the other in the United Kingdom.34 In both, researchers combed through large medical records to compare the diagnosis of Alzheimer’s in statin users and nonusers. Three U.S. hospitals, 360 U.K. practitioners, and 120,000 records/patients later, the findings were fantastic: statin users reduced their risk for Alzheimer’s by about 70 percent!

These results are widely cited and inspired much of the later work on statins. However, if one bothers to look closely, several of the details of these two studies don’t quite add up. Between them, multiple types of statins prevented Alzheimer’s except for one commonly prescribed statin called simvastatin. But simvastatin is similarly capable of reducing cholesterol. Moreover, people who took nonstatin cholesterol-lowing drugs, despite successfully controlling cholesterol, saw no cognitive benefits.

So, either statins worked wonders through ways unrelated to cholesterol, or, these famous studies were wrong and statins didn’t work. The latter seems more likely, given what happened in Cache County, Utah.35

Starting in 1995, 5,000 elderly Cache County residents were enrolled in a population study and underwent a round of cognitive testing. A total of 200 Alzheimer’s cases were diagnosed, and these cases were less common among residents who took statins. Apparently, then, statins reduced Alzheimer’s. Three years later, the same group underwent another round of cognitive testing. By then, 104 new cases of Alzheimer’s had developed, but these cases had no connection with statin use.

Why the difference within the same group? What happened to these residents three years later? Well, that happened: time. At the first cognitive testing, there was no passage of time. What we had was a fixed snapshot of people’s states of mind and statin use. Because of this, the seeming connection between Alzheimer’s and statins may be the exact opposite of what we thought. Rather than statins preventing Alzheimer’s, it may be that Alzheimer’s patients are not taking statins. Statins are primarily prescribed to lower cholesterol and prevent heart and vascular disease, so doctors are less likely to prescribe them to patients who show signs of cognitive impairment. The way doctors see it, these patients may not stick to the prescription, are more likely to have negative drug reactions, and may not get much benefit from the drug because of their limited life expectancy.36

More reliable than the snapshot is the second round of cognitive testing. This time, what were gathered were newly developed Alzheimer’s cases in a three-year time window. If statins really did prevent Alzheimer’s, people who were using statins during this time ought to have a lowered disease risk. But that didn’t happen in Cache County, nor in other studies that considered the time factor.37 As for the two famous, seminal studies claiming that statins prevented 70 percent of Alzheimer’s cases, sure enough, they didn’t fully account for the time factor.38

In more conclusive bad news, statins failed in multiple clinical trials. In an eighteen-month trial with 400 Alzheimer’s patients, a statin (simvastatin) did no better than placebo at slowing the ­disease.39 And in larger trials with tens of thousands of nondemented participants, years of statin use had no cognitive benefits over placebo.40

The ironic high point of the statin experiment came in 2012. That year, based on postmarketing reports, the U.S. Food and Drug Administration (FDA) announced that statins actually hamper the brain and cause “cognitive side effects (memory loss, confusion, etc.).”41 The effects were supposedly “non-serious” and “reversible” once statins are stopped.42 Still, those are pretty ridiculous side effects for a proposed dementia drug.

Antihypertensive drugs do not have these dramatic ups and downs in their quest to become an Alzheimer’s drug. They are just all over the place. These drugs use different methods to lower blood pressure, such as relaxing blood vessels, slowing heart rate, and reducing blood volume. These differences make cross-study comparisons more difficult.

In the same Cache County study that cast doubt on statins, residents taking antihypertensive drugs actually saw reduced Alzheimer’s during the three-year time window.43 But this result did not hold up elsewhere. In Rotterdam, the Netherlands, antihypertensive drugs failed 7,000 elderly residents within a span of two years.44

Clinical trials did not clear things up. In a small trial, fourteen patients with high blood pressure and a family history of Alzheimer’s randomly received an antihypertensive drug (ramipril, which works by relaxing blood vessels) or placebo for four months.45 Compared with some other antihypertensive drugs, ramipril can cross from the blood to the brain, which makes it a more likely dementia drug. In the trial, ramipril reduced participants’ blood pressure just fine, but it had no effect on cognitive performance.

In a larger trial with 160 mild-to-moderate Alzheimer’s patients, six antihypertensive drugs were tested for one year.46 This time, two of the drugs (perindopril and captopril), which work similarly as the previously failed ramipril, managed to slow cognitive decline. Curiously, the other four drugs lowered participants’ blood pressure equally well but had no cognitive benefits, so whatever worked, it wasn’t lowering the blood pressure.

With no consensus, but no catastrophic failure either, the pursuit of antihypertensive drugs continues. Several trials are in progress, and results are promised in the near future.47 I, for one, do not feel especially hopeful.
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A MISSED OPPORTUNITY

On June 4, 2019, the Washington Post ran a story1 chastising Pfizer for hiding critical data about its blockbuster drug Enbrel, an anti-inflammatory drug with global sales of over $7 billion.2 The fact that pharmaceutical companies would bury the side effects of their drug is old news. The Post wasn’t falling for such clichés. It had a surprising, novel angle: Pfizer wasn’t hiding bad effects of the drug; it was hiding good effects—very good effects.

Approved by the U.S. Food and Drug Adminstration (FDA) in 1998, Enbrel is a prescription drug for autoimmune diseases, notably rheumatoid arthritis. In these diseases, the immune system, for unknown reasons, mistakenly attacks healthy body tissue, especially joint tissue. Over time, this results in joint pain and swelling, cartilage and bone loss, and damage to organs such as the eyes and skin. A chief coordinator of this immune attack is a protein called tumor necrosis factor (TNF). Enbrel works by blocking the activity of TNF, thus reducing inflammation and salvaging healthy tissue.

According to the Post, Enbrel is even more amazing than that. Evidently, it could “reduce the risk of Alzheimer’s disease by 64 percent” and “could potentially safely prevent, treat and slow progression of Alzheimer’s disease.”3 This discovery apparently was made by a group of Pfizer researchers back in 2015, but Pfizer executives decided to sit on it: they organized no clinical trials, no publications, no announcements, no nothing. Supposedly, Pfizer buried the finding because its patent for Enbrel was expiring, and the company didn’t want to tip off its competitors or pay for expensive trials, only for generics to swamp the market. An opportunity to advance science and benefit millions of patients, the Post lamented, was lost to corporate financial strategies and the bottom line.

The story drew considerable attention, as the Post anticipated. Reader responses ranged from the more tempered “This is so ethically and morally wrong that it MUST stop. It is obvious that these business [sic] have lost their moral compass and must have oversight by professionals with no monetary benefit”4 to the fully enraged “If there was potentially a treatment and NO ONE THOUGHT IT WAS IMPORTANT TO PURSUE IT THEY SHOULD BE PUNISHED, FIRED OR WHATEVER IS NECESSARY INCLUDING PROSECUTION!!! HOW DARE THEY PLAY WITH PEOPLE’S LIVES??? THIS IS ABSOLUTELY DISGUSTING.”5

What these readers may not have realized, in the heat of the moment, is that the Washington Post is also a business, also out to make money—by selling stories and attracting readers and advertisements to its newspaper and website. Pfizer’s story, rife with greed, deception, and human suffering, is precisely the kind of story that sells. It’s a case of sensational reporting—with the trappings of investigative journalism.

Where did the number come from that Enbrel reduces Alzheimer’s risk by 64 percent? Medical insurance claims. In 2015, the Pfizer researchers in question analyzed a mountain of insurance claims from people with rheumatoid arthritis and other inflammatory ­diseases—and hence potential Enbrel users. The claims were divided into two groups of 127,000 each. The first group (let’s call it the Alz group) included people who had Alzheimer’s on top of their inflammatory conditions; the other group (the non-Alz group) did not have Alzheimer’s. Comparing the two groups, Pfizer researchers found 110 Enbrel users in the Alz group and 302—that is, 64 percent more—Enbred users in the non-Alz group. Taking its cue from this, the Post story concluded that Enbrel helped to land people in the non-Alz group by a margin of 64 percent.

Is this a sound conclusion? Not really. Examining insurance claims in this way constitutes a so-called case-control study: that is, we start with diseased people (the cases) and nondiseased people (the controls) and look back at their life experience to find factors (Enbrel use) that may have increased or decreased their disease risk. In case-control studies, data analysis takes the form of calculating the odds ratio. This scary-sounding concept is simply the ratio of two odds (odds 1 and odds 2), so it is calculated as odds 1 divided by odds 2. In this case, odds 1 is the likelihood of Enbrel users developing Alzheimer’s, and odds 2 is the likelihood of non-Enbrel users developing Alzheimer’s. Each of these is itself calculated by division. Odds 1, for example, is the number of Enbrel users with Alzheimer’s divided by the number of Enbrel users without Alzheimer’s. Crunching these numbers, we get an odds ratio of 0.36.

What does this number mean? It means that the odds of taking Enbrel and developing Alzheimer’s is 0.36 times lower than not taking Enbrel and developing Alzheimer’s. Wait—isn’t that the same as “Taking Enbrel reduces Alzheimer’s risk by 64 percent,” which is precisely what the Washington Post claimed?

Well, no. Case-control studies start with predetermined diseased and nondiseased people, rather than an unknown population who may or may not develop a disease. As such, we cannot measure the risk of the disease happening to a random person. A 0.36 odds ratio simply means there is a reduced association between Enbrel and Alzheimer’s. When a disease is rare, the number of nondiseased people approximates a whole population, so in those cases odds ratio may be considered an approximation of disease risk. However, Alzheimer’s is not a rare disease among the elderly.

If this still sounds like statistical mumbo jumbo and hair-­splitting, consider practical factors that will diminish the glow of the finding. To start, we do not know if the Alz group and the non-Alz group selected from the insurance claims were truly comparable: did they have the same age, the same genetic profiles, the same health histories? Without this “matching” technique, we don’t know if it was Enbrel or any or all of these other factors that caused the difference in Alzheimer’s onset. Think about it—given 127,000 Alzheimer’s patients and 127,000 nonpatients, if we dig into every drug they ever took and every life experience they ever had, then we may, by chance, find something that seems to be associated with reduced Alzheimer’s.

All this is not to say that Pfizer’s internal finding is worthless. It is a potential lead, but a very initial one, and certainly not the automatic go-ahead for an $80 million clinical trial that the Washington Post made it out to be. It is also one among many, many potential leads that we can ponder to see if longer, bigger, and more expensive studies are warranted, which is exactly what Pfizer did: it pondered the question and decided that the warrant was not there—for reasons we now explore.
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The Alzheimer’s brain is an inflamed brain. This we suspected as early as 1975, when researchers found traces of immune reactions in beta-amyloid plaques.6 By the mid-1990s, numerous markers of inflammation were confirmed in the diseased brain.7 Chief among them is activated microglial cells.

Microglia are small, nonneuron supporting cells. They are the brain’s resident immune cells, constantly scanning their surroundings for signs of injury and infection. At the first sign of danger, they are activated and mount aggressive attacks by swallowing and digesting pathogens, foreign intruders, dead neurons, and anything else that may harm the brain. In the Alzheimer’s brain, activated microglia can be seen surrounding beta-amyloid deposits, presumably trying to get rid of them.8 Activated microglia also release an army of pro-inflammatory proteins and molecules. These agents either join in the immune attack or cheerlead on the side, feeding microglia signals to keep on fighting.9 It’s a chaotic war zone.

In fact, it’s more than chaotic; after some time, it gets downright confusing who is friend and who is foe.10 As beta-amyloid keeps on coming, the microglia become overwhelmed and burned out. In their state of frustration and madness, they sweep through the brain, damaging healthy neurons in their path. Worse still, microglia themselves may start to release beta-amyloid!11 All these insults cause further brain inflammation, and thus more damage, and thus more inflammation, and so on and so forth until cognitive function is lost. This is the inflammation hypothesis for what causes Alzheimer’s.

The hypothesis doesn’t see inflammation only as a result of Alzheimer’s, merely a reaction to beta-amyloid, tau, or other brain pathologies. Rather, it posits that inflammation is a necessary contributor—an actual cause of the disease. In other words, there is initial inflammation in the brain before the rise of Alzheimer’s pathologies. Where does this inflammation come from? The hypothesis offers multiple possible sources: head trauma, aging, diabetes, or obesity.12 These events trigger immune attacks, which worsen beta-amyloid and tau brain damage, which further triggers immune attacks. The hypothesis, then, turned the chicken-and-egg question on its head. Rather than inflammation causing Alzheimer’s or Alzheimer’s causing inflammation, it works both ways.

The hypothesis has some genetic evidence. As mentioned in chapter 16, other than APOE, some twenty other risk genes, with much smaller predictive powers, have been found to be connected to late-onset Alzheimer’s. Several of these genes are involved in inflammatory responses, especially microglia activation and function.

One of them is TREM2. Multiple versions of this gene exist, and some are found to increase Alzheimer’s risk.13 How or why they do that remains a mystery, because (get this) TREM2 has both pro- and anti-inflammatory effects.14 In transgenic Alzheimer’s mice, TREM2 either activates microglia, removes beta-amyloid, and protects the brain, or, alternatively, it overactivates the immune system, increases beta-amyloid, and damages the brain.15 Another oft-cited gene, CR1, tells the same conflicting story. Certain versions of CR1 are supposed to increase Alzheimer’s risk16—either because they increase immune attacks and brain damage or because they reduce immune responses and beta-amyloid removal.17

As genetic evidence remains confusing, the more compelling evidence for the inflammation hypothesis comes from population studies.

Most of us are no stranger to occasional (or regular) aches and pains: headaches, muscle aches, menstrual cramps, joint pain. When we are in pain, our go-to medicines are usually things like Advil and Aleve, which are nonsteroidal anti-inflammatory drugs (NSAIDs, pronounced “en-saids”). Among elder adults (65+), the use of NSAIDs is especially high: in general practice, up to 96 percent of older patients use NSAIDs.18

NSAIDs work by inhibiting two enzymes: COX-1 and COX-2. These enzymes produce compounds (called prostaglandins) that promote inflammation and pain. By inhibiting one or both of the COX enzymes, NSAIDs fight pain and inflammation in one strike. Some NSAIDs are available over the counter, such as aspirin, ibuprofen, and naproxen; others require prescriptions, such as celecoxib and meloxicam.

Multiple studies have found that people who take NSAIDs for unrelated conditions such as arthritis have a reduced risk for Alzheimer’s.19 In Rotterdam, the Netherlands, 7,000 older adults were followed from 1991 to 1998.20 During this time, 293 of them developed Alzheimer’s. Comparing NSAID use and Alzheimer’s onset, researchers found a significant correlation: short-term NSAID use (i.e., less than one month) reduced the risk for Alzheimer’s by 5 percent; midterm use (i.e., one to twenty-four months) reduced the risk by 17 percent; and long-term use (i.e., more than twenty-four months) reduced the risk by a whopping 80 percent.21

Likewise, in Cache County, Utah, 104 of 3,227 elderly residents developed Alzheimer’s over a three-year period, and longer (i.e., more than two years) use of NSAIDs was associated with reduced risk.22 The protective effect of NSAIDs was limited to participants who had been on the drugs before the study. Those who started taking NSAIDs only recently saw little to no protection.

Together, these findings motivated a series of clinical trials testing the cognitive effects of NSAIDs. In one trial, 700 mild-to-­moderate Alzheimer’s patients were recruited across the United States and randomly assigned to a prescription NSAID (rofecoxib) or placebo.23 Unfortunately, after one year of dosing, rofecoxib did not arrest patients’ decline. Another study in Italy tested common, over-the-counter ibuprofen among mild-to-moderate Alzheimer’s patients.24 Again, after one year of dosing, the drug performed no better than placebo.

Faced with these negative results, trial organizers suggested that maybe NSAIDs need to be taken longer and earlier—before irreversible brain damage has occurred—to be effective. After all, in population studies, NSAIDs only really protected people who took the drugs for years, and well before the onset of dementia symptoms.

Responding to this possibility, in 2001, the National Institute on Aging (NIA) sponsored a lengthy trial—up to seven years—and recruited elderly participants who were free of dementia symptoms.25 Two NSAIDs were tested: naproxen and celecoxib. With over 2,500 participants, the trial was poised to offer some conclusive evidence on the effect of NSAIDs—or lack thereof. However, three years in, the trial was abruptly terminated when news broke from an unrelated study that celecoxib, at the same dosage tested, more than doubled the risk of death from heart attack, heart failure, and stroke.

In the aftermath of the trial, researchers examined what partial data they had managed to accumulate. Fortunately, participants taking NSAIDs didn’t suffer the same alarming death rates, even though they did have increased risk for heart problems and stroke.26 In terms of cognitive status, twenty-five people developed Alzheimer’s. Unfortunately, not only did NSAIDs not reduce Alzheimer’s risk, they seemed to increase it.27

Although these findings were as negative as they come, some had the lingering hope that had the trial been allowed to run its course, things might have looked different.28 Perhaps these twenty-five diseased participants were on the cusp of showing cognitive symptoms. Perhaps their brains had already been laced with beta-amyloid. If so, by suppressing immune responses, NSAIDs would prevent microglia from clearing out beta-amyloid and would thus usher in the disease. Had there been more time, people who were truly years ahead of disease onset might have gotten a chance to show off the effect of NSAIDs.

Not to sound like a broken record, but this last hope was dashed in a 2011 Canadian trial dubbed INTREPAD.29 INTREPAD tested naproxen in 195 participants with a family history of Alzheimer’s. Not only were these participants free of cognitive complaints at the start of the trial, they were the “younger elderly” (i.e., on average 63 years old, a decade younger than their affected family members)30 and unlikely to be on the verge of disease onset. After two years of dosing, the result was, as the trial organizers admitted, “extreme pessimism.”31 Naproxen offered no cognitive benefits. It did, however, have nasty side effects, including digestive tract problems and vascular-heart disorders.

When the INTREPAD results were announced, some saw it as “closing the book on NSAIDs for Alzheimer’s prevention.”32 INTREPAD’s leading researcher, John Breitner from McGill University, agreed: “I do not think there should be any more clinical trials of NSAIDs for prevention or treatment of AD [Alzheimer’s disease],” he said. “There was a lot of hope, based on epidemiological data, that these drugs would prove to be beneficial, but we’ve learned over the last 10 to 15 years that when you test NSAIDs in trials, they are not beneficial and invariably, you make people sick.”33
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All these hopes and disillusions about NSAIDs, about the inflammation hypothesis, had played out well before the Washington Post story on Enbrel. Had the Post bothered to offer these details, its story would have been much less sensational and its readers more inclined to believe that science, rather than money alone, dissuaded Pfizer from pursuing Enbrel.

But wait—Enbrel is not an NSAID, is it? That’s correct. As mentioned earlier, Enbrel is a TNF blocker: it reduces inflammation by blocking the pro-inflammatory signal TNF, not by inhibiting COX enzymes as NSAIDs do. So… , the failure of one doesn’t predict that of the other, does it? That’s also correct. But the thing is, Enbrel had been proved disappointing too. In 2011, it was tested against placebo among forty-one mild-to-moderate Alzheimer’s patients.34 After six months of dosing, it showed no benefit in either cognitive or overall function.

Still, if Pfizer has nothing to hide, it should at least publish its insurance claims data and let others judge the worth of Enbrel for themselves, shouldn’t it? Well, similar findings have been published. In 2016, a group of non-Pfizer researchers published their examination of eight years of claims data from a large health database (Verisk Health), concluding that Enbrel users had a reduced risk for Alzheimer’s.35 Interestingly, two other TNF blockers examined in the study offered no such benefits. So, whatever worked (if anything did), it wasn’t Enbrel’s ability to block TNF and reduce inflammation.

So Pfizer was wrongfully accused this time, but where does this leave the inflammation hypothesis? Frankly, with lots of ­speculation—and confusion. We know for sure that inflammation exists in the Alzheimer’s brain, but does it actually cause the disease, or is it merely a reaction to the disease? It is all very well for the hypothesis to say that it is both, but that answer offers no clear path toward drug development. In fact, it points in opposite directions of drug development. If inflammation is a cause of Alzheimer’s and an overactivated immune system is what begets brain damage, then we need anti-inflammatory drugs to calm the system. If, instead, inflammation is a result of Alzheimer’s and represents the immune system’s effort to rid the brain of harmful buildup, then we need pro-inflammatory agents to help the system.

To this, the hypothesis would reply that it ain’t so easy, so black and white, because inflammation plays different roles at different stages.36 In a normal brain, reducing inflammation keeps things in tip-top condition and preempts Alzheimer’s. If and when beta-­amyloid starts to accumulate (because of brain trauma, general inflammation in the body, or whatever other reasons), brain inflammation is needed to clear out this anomaly. When beta-amyloid continues to pile up and microglia are turned against healthy tissue, brain inflammation once again becomes a liability.

In creating this elaborate scenario, the hypothesis has gotten a little paranoid about what is normal and what is diseased. Authors use the word normal in scare quotes to imply that some participants may seem “normal” but aren’t really “normal” in the brain.37 If so, can we ever figure out which precise moment to cast which (anti)inflammatory drug on which normal/diseased body? Seems tricky to me.

Then again, in surprising news, the Chinese thought they had it figured out!

On November 2, 2019, Shanghai Green Valley Pharmaceuticals announced that China’s National Medical Products Administration granted preliminary approval of its drug, GV-971, for the treatment of mild-to-moderate Alzheimer’s disease.38 According to the news release, the drug would hit the Chinese market by the end of the year.

Scholarly publication on GV-971 is limited. According to the available data, GV-971, an ingredient derived from seaweed, treats Alzheimer’s by treating the gut!39 The idea goes like this: When gut microorganisms are out of balance, they increase certain amino acids (phenylalanine and isoleucine); these amino acids encourage pro-inflammatory, T helper type 1 cells to move from the blood into the brain; once in the brain, these T-cells activate microglia, causing brain damage and cognitive decline. GV-971, by adjusting gut microorganisms, arrests this process.

In transgenic Alzheimer’s mice, GV-971 reduced the two culprit amino acids and improved the animals’ cognitive function.40 In a six-month phase 2 trial in China with 255 mild-to-moderate Alzheimer’s patients, the drug failed to raise cognitive test scores, but it did improve patients’ overall function.41 Yet this result was reversed in a nine-month phase 3 trial with 818 Chinese patients.42 This time, GV-971 failed to improve patients’ overall function but raised cognitive test scores. There is also something quite odd about the test scores: GV-971 mustered a significant effect only because the placebo group suffered a dramatic, uncharacteristic, last-minute decline.

Despite this inconclusive—and also very limited—data with a single, short, phase 3 trial, the Chinese authority had given GV-971 the green light. While Chinese social media sites overflowed with patriotic cheers and salutes, the rest of the world asks for a global trial for market entry. Green Valley plans to begin one in 2020, including participants from the United States, Europe, and Asia. No details are available as of this writing. According to the latest news, on April 8, 2020, Green Valley received clearance from the FDA to start the U.S. part of the global trial.43
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PARADIGM SHIFT(?)

From Tauism to type 3 diabetes to mitochondrial dysfunction, multiple hypotheses predict the cause and cure of Alzheimer’s. Yet the beta-amyloid hypothesis remains the presiding paradigm, the leading school of thought with the most researchers and research dollars. Continuously failing antiamyloid drugs have not materially changed this reality.

Nonbelievers in beta-amyloid, or non-Baptists, see this as the failure of Alzheimer’s research—of modern science in general—to correct its wrong. Once a large scientific enterprise has its wheels turning and momentum going, it can’t easily stop itself and change direction. Hundreds of Baptists devoted their life’s work to beta-amyloid, created a shared body of knowledge, secured grants and funding, and made a name for themselves—they will want to stick it out to the bitter end.

There is some truth behind this blaming. Despite the common belief that science is the epitome of innovation, day-to-day scientific work follows well-established protocols, and truly outside-the-box thinking is rare. Until we reveal the true face of Alzheimer’s, we don’t know what we don’t know, and Baptists may well be the blind men feeling the elephant.

That said, in making Baptists the straw man, the insecure conservatives holding back “real” Alzheimer’s research, we risk turning a scientific debate into a moral or political one. True, antiamyloid drugs have all failed, but so have other drugs. While the beta-­amyloid hypothesis has gaps, so do alternative hypotheses.

As an outsider, I get why so many researchers identify with the beta-amyloid hypothesis. It has a lot going for it that other hypotheses don’t. Besides the plain presence of beta-amyloid deposits in the Alzheimer’s brain and the damage they cause to neurons, genetics constitutes a strong cornerstone of the hypothesis. Mutations in three genes (APP, PSEN1, and PSEN2) cause early-onset Alzheimer’s (see chapter 4), and these mutations either increase beta-amyloid or the ratio of longer and stickier beta-amyloid 42, with the end result being increased deposits in the brain.

Non-Baptists don’t object to these genetic findings, but they question their relevance. APP and PSEN mutations cause rare, early-onset Alzheimer’s, which, non-Baptists say, may be inherently different from the common, late-onset Alzheimer’s that is the public health concern. We can’t completely deny this argument. For the most part, we have simply assumed that the two disease forms are the same because they appear the same, other than their age of onset. But you know what they say about appearances.

Then, in the summer of 2012, another mutation came about that finally made a concrete connection between beta-amyloid and late-onset Alzheimer’s.1 Combing through the genomes of 1,795 Icelanders, researchers discovered a rare mutation carried by 0.5 percent of them. Further testing in Scandinavian populations showed that the mutation exists in 0.2–0.5 percent of Finns, Swedes, and Norwegians. Carriers of this rare mutation are 5 times more likely to reach the age of eighty-five without developing late-onset Alzheimer’s, and 7.5 times more likely to reach eighty-five without cognitive decline. In other words, this mutation protects against late-onset Alzheimer’s.

Where does this mutation reside? Why, in the APP gene—the amyloid precursor protein gene responsible for making the precursor protein that is then cut by enzymes to shed beta-amyloid.

What does this mutation do? It begets a precursor protein that resists enzyme cutting, and thereby reduces beta-amyloid production by about 40 percent.

This discovery fits the beta-amyloid hypothesis and its pursuit of antiamyloid drugs more than perfectly. “It shows that if you reduce Aβ [beta-amyloid], you can prevent AD [Alzheimer’s disease], and that is very much a proof of concept for the drug industry,” says ­Gerald Schellenberg, a renowned Baptist and codiscoverer of the PSEN2 gene (see chapter 4).2
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Against this backdrop, Baptists’ defense for their repeatedly failed drugs sounded that much more convincing. In their view, the drug trials failed not because the beta-amyloid hypothesis was wrong, but because the trial drugs were faulty.

As discussed in chapter 6, when beta-amyloid monomers first build up, they form oligomers; as oligomers grow larger, they become plaques. In the latest version of the hypothesis, oligomers, rather than final plaques, are the toxic species that damages neurons and causes Alzheimer’s.

But did antiamyloid drugs focus on oligomers? Not really. Vaccines that went through late-phase trials have tended to target multiple species of beta-amyloid. Eli Lilly’s solanezumab, for example, targeted both monomers and oligomers, but preferred monomers; and Johnson & Johnson/Pfizer’s bapineuzumab targeted all three: monomers, oligomers, and plaques.3 Because monomers and plaques exist in much higher quantities in the Alzheimer’s brain,4 they compete for the vaccine’s attention, with little left over to deal with oligomers. The situation is made worse when we have to limit drug doses for fear of side effects.

Nonselective drugs do not just neglect oligomers—by reducing monomers and plaques, they may actually increase toxic oligomers. This is because the three beta-amyloid species are supposed to exist in a dynamic balance.5 When monomers are reduced, there are less of them to form oligomers. To maintain balance, plaques start to break down, replenishing monomers and oligomers. This could explain why beta-amyloid inhibitors, which prevent the forming of monomers, fail (see chapter 8). Supporting this theory, autopsies of beta-amyloid vaccine recipients found plaques with a “moth-eaten” appearance, as if the plaques were shedding beta-amyloid back into circulation in the brain.6

If this is true, in order for antiamyloid drugs to work, they need to target oligomers, ignore monomers, but also remove plaques the “beta-amyloid reserves”. This is what Biogen, a biotech company based in Cambridge, Massachusetts, claimed to have achieved with its vaccine, aducanumab.7 Aducanumab is collected from cognitively healthy, elderly human donors. The idea is that these donors, by preserving cognitive function in old age, must harbor protective antibodies that make for ideal drugs.

In an initial phase 1 trial, aducanumab showed good safety in one-time use.8 Following this quick test, Biogen undertook a second phase 1 study in 2012, assessing the drug’s safety in long-term (one year) use and its ability to reduce beta-amyloid. In an effort to hook investors, Biogen also tested the drug’s cognitive effects, which is often reserved for late-phase trials.

This second phase 1 trial was a wild success.9 Aducanumab drastically reduced participants’ brain beta-amyloid to levels that other vaccines could only dream of. The higher the drug dose, the more reduction happened—a typical sign of a genuine drug effect. At the highest dose (10 mg), aducanumab almost wiped out beta-amyloid to levels that are considered normal. The cognitive effect was even more exciting. While placebo recipients worsened about 3 points on the Mini-Mental State Examination, a commonly used cognitive test, those on 1 mg and 6 mg of aducanumab worsened about 2 points, and those on 3 mg and 10 mg of aducanumab worsened less than 1 point.

As these results were announced, Biogen’s stock soared, reaching $476 a share. The trial was hailed “a game-changer,” the first confirmation that reducing enough beta-amyloid will bring about a clinical benefit.10

There is, however, a tiny problem. This supposed game-changer enrolled only 165 people, who were then put into different dosage and placebo groups of merely 30 or so per group. With these tiny sample sizes, the cognitive findings carry little value beyond marketing hype. As Biogen scientists admitted themselves, “This was a small study…. The trial was not powered for the exploratory clinical endpoints, thus the clinical cognitive results should be interpreted with caution.”11

Also, in all the media buzz and talk of a game-changer, there was no mention of oligomers. As it turned out, the trial didn’t even measure oligomers. It measured plaques, and that’s what was reduced in the patients’ brains. Ironically, this didn’t prevent Biogen from speculating that the drug’s success actually came from oligomer reduction: because plaques can break down into oligomers, plaque reduction might have slowed the release of oligomers.12

Riding on its success, Biogen skipped phase 2 and launched two phase 3 trials in 2015. Each trial recruited 1,600 patients, who would randomly receive either aducanumab or placebo for 1.5 years. Set to complete in 2022, these trials are powerful enough to assess the drug’s cognitive effect—but we didn’t have to wait that long. Following a familiar storyline, an interim analysis in March 2019 showed that the trials were not likely to succeed. Upon learning this, Biogen stopped both trials, as well as other plans to develop the drug.13 Aducanumab was, for all intents and purposes, dead.

Then the plot really thickened: seven months after aducanumab was laid to rest, Biogen announced that the interim analysis was, well, wrong, and that the drug, in its highest dose of 10 mg, did slow cognitive decline in one of the phase 3 trials (but curiously, not in the other).14 According to Biogen, during the trials, dosing changes were made that allowed more participants to receive the high dose. That data, however, weren’t captured in the interim analysis. More remarkably, Biogen announced that based on its newly found success, it would be filing with the U.S. Food and Drug Administration (FDA) for approval for the drug—an announcement that stirred up tremendous speculation among researchers and investors.

As of October 2020, no approval has come. In the latest development, Biogen launched another phase 3 trial in March 2019, enrolling 2,400 participants who had participated in one of its previous aducanumab trials. The new trial is set to evaluate the drug’s long-term safety and tolerability and is projected to complete in September 2023.15

Aside from aducanumab, other oligomer-selective vaccines are in early development. Some have showed promise in cell and animal studies, but it’ll be a long time (if ever) before any of them go into late-phase human trials.16 More discouragingly, we have yet to unveil the “real” oligomer. As mentioned in chapter 6, an oligomer is not one singular entity; it includes a range of beta-amyloid deposits of varying sizes and shapes. Exactly which oligomer is the cause of Alzheimer’s and hence should be targeted is still unclear.

As the pursuit of oligomer drugs slowly continues, Baptists have a saving grace that’s keeping companies and investors busy and ­hopeful—they argue that there is a second reason why antiamyloid trials fail. This time, the problem is not the drugs; it is the participants.
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Except for some early-phase trials that recruit healthy participants (who can better tolerate any unknown side effects of experimental drugs), Alzheimer’s drug trials typically recruit mild or mild-to-moderate Alzheimer’s patients to test the drugs’ cognitive effects. Yet these typical patients, Baptists say, may be too far along to be saved. Their brains have accumulated so much beta-amyloid, which has caused too much damage that no amount of antiamyloiding would save them.

An analogy here is cholesterol-lowering drugs. These drugs reduce cholesterol and prevent heart disease. However, if cholesterol has already built up in the arteries, blocked blood flow, and caused a heart attack, cholesterol-lowering drugs—no matter how effective at lowering cholesterol—won’t save us. By the same token, antiamyloid drugs—no matter how effective at lowering ­beta-amyloid—won’t help us if we are already suffering from cognitive decline.

The analogy sounds reasonable—compelling even. Being compelling, it has ushered in a new way of thinking about beta-amyloid that resembles a paradigm shift.

In the old days, we thought that beta-amyloid was the driver of Alzheimer’s.17 In this hypothesis, beta-amyloid accumulates in the brain, driving cognitive function to go downhill gradually. By reducing beta-amyloid, we can hope to slow, or even reverse, cognitive symptoms. But according to autopsies and brain imaging studies, beta-amyloid is not exclusive to old age. It begins building up in the brain in our forties (or twenties even),18 decades before possible dementia symptoms—just as cholesterol silently builds up in the arteries. It is only when buildup reaches a certain threshold that symptoms start to show.19

Given this fact, drugs fail if they don’t reduce beta-amyloid to levels below the threshold. Even if they did, there’s no guarantee of success because once beta-amyloid goes beyond the threshold, it might trigger events and damage that take on lives of their own: tau protein continues to build up, neurons continue to die, and brain function continues to fade.

So, in order for a drug to work, the safest bet is to take it before beta-amyloid hits that threshold. Baptists don’t know where the threshold is, other than that it happens well before cognitive symptoms appear. Mild and mild-to-moderate patients have obvious symptoms ranging from memory lapses to confusion to difficulty with daily living activities. Given this fact, the amount of beta-­amyloid deposits in their brains must have gone well beyond the threshold; ergo, it’s already too late.

Future trials, Baptists urge, must recruit people who are in danger, but not yet showing symptoms. The goal should be to prevent Alzheimer’s for them, not to treat Alzheimer’s.

But how do we find people who need saving when they are still symptom free? One sure way is through the early-onset Alzheimer’s communities: the Volga Germans, Colombian Paisas, and others. Using genetic testing, we can identify people from these communities who carry mutations that destine them for Alzheimer’s. If a drug can delay or even prevent their fate, then we have a winner.

This is the method used by the Alzheimer’s Prevention Initiative, an international research consortium, and its sponsor, Genentech, a San Francisco–based biotech subsidiary of the Swiss pharmaceutical company Roche. Launched in 2013, the trial recruited 242 Colombian Paisas. All participants were free of cognitive symptoms; some were mutation carriers, and others were not.

All the noncarriers received a placebo. Half the carriers would receive a trial drug, and the other half, placebo—the selection was random. Participants did not know what they would get, and neither did the researchers—a double-blind design that minimizes bias. In fact, the Paisas in the study didn’t even know if they were mutation carriers. Genetic test results would not be disclosed because trial organizers worried about how people might react. As a twenty-four-year-old Paisa man once declared, “he would shoot himself in the head” if he tested positive for a mutation.20

Despite this trial design, which would keep their fate in the dark and possibly subject them to sugar pills, Paisas were eager to sign up. “They understand perfectly what they are getting—a placebo or a drug,” said Lucia Madrigal, a local trial organizer. “It is hope for them. It is a way to do something and give back to their families. For them, this study is a source of hope. It’s the only thing they’ve got.”21

And what was the test drug? Crenezumab, a beta-amyloid vaccine developed by the trial sponsor, Genentech. Crenezumab boasts an excellent safety record, which is essential for prevention trials that dose cognitively normal people for a long period of time. In this case, dosing is planned to take five long years.

What about crenezumab’s cognitive effects? In a phase 2 trial, crenezumab showed no benefit among 400 mild-to-moderate Alzheimer’s patients. After some slicing and dicing, the drug did appear beneficial among the mild patients, which presumably supports its effects for early prevention.22 But if history is any indication, this kind of subgroup analysis isn’t particularly trustworthy. Like the Paisas, we can only hope that the drug will work. We will know for sure in early 2022, when the trial is set to conclude.

What we do know now is that a similar prevention trial is not faring too well so far. Organized by an international research consortium, the Dominantly Inherited Alzheimer’s Network (DIAN), this trial is more ambitious. Instead of just Paisas, it recruited carriers of any early-onset mutations. Instead of one drug, it is testing three drugs separately.

The first of these drugs, we have met before: Eli Lilly’s solanezumab, a beta-amyloid vaccine. This drug received lots of media attention during a roller coaster of three phase 3 trials, aptly named Expeditions 1–3 (see chapter 10). Expeditions 1 and 2, which recruited mild-to-moderate patients, both failed. When mild patients from the two trials were combined for analysis, the drug showed partial success, suggesting a prevention effect. But in Expedition 3, which recruited only mild patients, the drug failed yet again.

The second drug inspires even less confidence: Roche’s gantenerumab, also a beta-amyloid vaccine. Publications on gantenerumab are scarce. The limited data available showed that it reduced brain beta-amyloid in a small, early-phase trial, but two of the six participants in the high-dose group suffered serious side effects, including brain inflammation.23 More disconcertingly, Roche had terminated two phase 3 trials since 2014 because interim assessment showed that the drug had no cognitive effects among patients with mild or very mild symptoms—hardly promising for a prevention drug.24

The third drug, for a while, was Johnson & Johnson’s JNJ-54861911. A beta-secretase inhibitor (see chapter 8), JNJ-54861911 prevents beta-amyloid from being created in the first place. Refreshingly, unlike other companies that rush through early-phase trials, Johnson & Johnson undertook a dozen of them to test, in different fashions and with different doses and types of participants, the drug’s safety, absorption, and basic function. According to these trials, the drug is safe and significantly reduces beta-amyloid.25 Just when it seemed as though JNJ-54861911 would fit the adage “Slow and steady wins the race,” news broke in summer 2018 of serious side effects: liver damage. Upon this discovery, JNJ-54861911 was taken out of the prevention trial.

Then, in February 2020, more bad news: in initial analysis, the two remaining drugs, solanezumab and gantenerumab, have failed to slow trial participants’ cognitive decline—disappointing but not exactly surprising.26 April brought more in-depth data, and things were looking up, somewhat.27 Yes, the two drugs failed to improve all the participants’ cognitive function. But, among participants who enrolled without symptoms (in this trial, not all participants were initially symptom free), cognitive functions were stabilizing. Moreover, gantenerumab (but not Lilly’s solanezumab) also reduced participants’ beta-amyloid and tau pathologies. On account of these, trial organizers are inviting all participants to a three-year extension study. The study will provide all participants with high-dose gantenerumab, in the hope that gantenerumab may eventually drive beta-amyloid below the assumed threshold for cognition to start benefiting. As the trial organizers put it, gantenerumab is still “very much alive” as a prevention treatment for Alzheimer’s.28 Lilly’s solanezumab, though, is definitely out.
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While early-onset Alzheimer’s patients make ideal participants in prevention trials, these mutation carriers represent only 5 percent of Alzheimer’s cases. To mobilize more participants and maximize the chances for success with late-onset cases, researchers are redrawing the boundaries of Alzheimer’s—the line between “normal” and “diseased.”

For a long time, Alzheimer’s was considered a deviation from normal aging—something out there, all on its own. But in reality, the human brain naturally declines with age. It sounds ridiculous, but our ability to hold multiple pieces of information in the mind peaks at around ages eighteen to twenty and then starts going downhill; the ability to recall new information peaks at around forty and then weakens; after seventy, our ability to recall someone’s name or a certain word diminishes.29 At what point does “normal” stop and “diseased” begin?

Similarly, beta-amyloid starts building up in the brain during midlife and early adulthood. Other telltale signs—brain atrophy, synapse loss, neuron damage, and memory disruption—are experienced by presumably healthy older adults.30 Again, at what point does “normal” stop and “diseased” begin?

To recognize the fuzzy edges between normal aging and Alzheimer’s, researchers invented several new concepts in recent years.31 We now have asymptomatic Alzheimer’s, which refers to people who show no outward symptoms but harbor warning signs that can be picked up in brain scans: beta-amyloid buildup, tau abnormality, and brain atrophy. We also have mild cognitive impairment, which includes people who are overall independent in daily living but display subtle memory and cognitive impairment. Prodromal Alzheimer’s, part of the mild cognitive impairment category, is the stage where one shows Alzheimer’s-like symptoms, but the symptoms are not severe enough for an Alzheimer’s diagnosis. All these groups make for potential prevention trial participants.

One of these trials is the Anti-Amyloid Treatment in Asymptomatic Alzheimer’s trial, cofunded by the National Institute on Aging (NIA) and Eli Lilly. This trial uses brain scans to screen asymptomatic elderly people for elevated brain beta-amyloid. Qualified participants then randomly receive trial drug or placebo for 4.5 years. The drug is again Eli Lilly’s controversial vaccine, solanezumab, although something else about the trial is refreshing.

The trial requires that one of every five people screened for participation comes from an under-represented minority group.32 In the United States, African Americans and Hispanics represent a large aging population that may face greater risk for Alzheimer’s, but Alzheimer’s trials by and large include whites: African Americans account for a mere 3–5 percent of participants, and Hispanics, 1.5 percent.33 While clinical trials are arduous, they also offer a privilege, a hope, a chance to get better. Moreover, results from “white trials” may not apply, or apply equally well, to minority groups. For this reason alone, the results of this prevention trial, scheduled to arrive in early 2023, are eagerly anticipated.

The last prevention trial receiving media attention is the Generation Study, cosponsored by the Swiss pharma Novartis and American pharma Amgen. The Generation Study recruited cognitively healthy older adults who carried two copies of ApoE4 (which increases their risk for Alzheimer’s by about twenty times) or carried one copy of ApoE4, plus elevated brain beta-amyloid.

Two drugs were being tested: CAD106 and CNP520. CAD106 is Novartis’s beta-amyloid vaccine. In previous trials, it has been found to be generally safe and successfully raise antibodies; however, it didn’t actually reduce brain beta-amyloid among mild-to-moderate patients, which seems worrisome.34 As for CNP520, it is Novartis and Amgen’s co-developed beta-secretase inhibitor. In early-phase trials, it was concluded safe and did reduce beta-amyloid.35

These two drugs could be dark horses come 2025, when the trial completes—except, in July 2019, a preplanned review showed CNP520 users experiencing cognitive worsening.36 The drug was promptly taken out of the trial. No such announcements were made about the remaining drug CAD 106, yet, curiously, it was listed as “retired” in Novartis’s 2019 third quarter financial report.
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Changing their focus from treating to preventing Alzheimer’s, pharmaceutical companies and research consortiums are not giving up on the beta-amyloid hypothesis. Millions of private and public dollars are invested, thousands of participants are involved, and hundreds of researchers are mobilized. If nothing else, the scale of this production alone mirrors a paradigm shift.

But, the major research efforts have not wavered from beta-amyloid. The drugs put to the test are still antiamyloid drugs. Is this enough of an innovation to get us on the right track, to uncover something that actually works, to finally conquer Alzheimer’s?

I don’t know. With all my heart, I sure hope so. In the depressing event that it isn’t enough—and before we ever find out—we can at least do something today, the topic of my last chapter.
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AN ENRICHED LIFE


I was born in Eau Claire, Wis, on May 24, 1913 and was baptized in St James Church … I prefer teaching music to any other profession.

The happiest day of my life so far was my First Communion Day which was in June nineteen hundred and twenty when I was but eight years of age, and four years later in the same month I was confirmed by Bishop D. D. McGavick…. Now I am wandering about in “Dove’s Lane” waiting, yet only three more weeks, to follow in the footprints of my Spouse, bound to Him by the Holy Vows of Poverty, Chastity, and Obedience.1



The two passages here, each containing two sentences, were written by two women while in their early twenties. Knowing nothing else about them, if you had to take a wild guess at who is more likely to suffer from cognitive impairment and Alzheimer’s in old age, which one would you pick?

If you picked the first woman, you would be correct. It wasn’t too hard to guess, was it?

These writings are taken from the autobiographies of the School Sisters of Notre Dame, written by the sisters in the 1930s, a few weeks before they were to take their religious vows. Analyses of about 100 sisters’ autobiographies, coupled with cognitive tests and autopsy studies, showed that idea density (the number of ideas expressed in every ten words) is strongly associated with the sisters’ late-life cognitive health. A high idea density, as shown in the second passage, correlates with a low risk for cognitive decline and Alzheimer’s. A low idea density, as shown in the first passage, correlates with a high risk for cognitive decline and Alzheimer’s.

Why would this be? What does writing have to do with our cognitive fate?

According to the cognitive reserve hypothesis, how we write is a reflection of how much cognitive reserve our brain holds. Just as we can put money in the bank for a rainy day, we can collect cognitive power for old age, and idea density is one sign of how much of that power we have saved. High density equates to more savings to tap into to get by in old age. Low density suggests a scant supply that will soon run out.

This theory explains a long-standing mystery in Alzheimer’s: cognitive symptoms do not always correlate with brain damage. Someone may show no cognitive impairment at life’s end but reveal significant beta-amyloid and tau tangles in her brain upon autopsy.2 Likewise, someone may tolerate more than the typical brain damage before he starts to show comparable cognitive decline.3 This phenomenon is not unique to Alzheimer’s either. Strokes of a certain magnitude are known to cause major impairment in one person, but very little in another.4 In all these cases, cognitive reserve may be calling the shots: a large reserve allows people to withstand more damage, more neuron loss, and more synapse dysfunction before they succumb; a small reserve, not so much.

Where exactly does cognitive reserve come from? And how do we go about getting more of it?

Supposedly, part of this reserve is determined at birth. Studies show that people with larger heads are less likely to have Alzheimer’s or have less severe Alzheimer’s, presumably because a larger head holds more neurons, more synapses, and more innate capacities to spare.5

But if you aren’t endowed with a large head, don’t despair. According to the lowly mouse, how we live our lives makes a big difference too. Mice in the same research lab can wind up having very different fates. Some live solitary lives in a small cage, with access to food and water but nothing else. Some play all day with their fellow rodents in a large house equipped with running wheels, crawling tubes, colorful Legos and toys, which are changed periodically to maintain novelty.

This is the setup for the so-called enrichment study, designed to test if an enriched life, as opposed to a barren one, affects cognitive function. In mice, it sure does. When mice lived richly, their brains underwent physical changes: more neurons were generated in the brain’s memory center, the hippocampus, and strong synapse activities emerged to support learning.6 When transgenic Alzheimer’s mice were allowed to have an enriched life, they also experienced enhanced brain activity and better performance in maze tests.7 An enriched life, it seems, helps mice to develop and accrue cognitive power.

If the same applies to humans, by living richly, we have a fighting chance to ward off or delay Alzheimer’s. What makes for an enriched life for humans? Ironically, it is not that different from what it takes for mice.
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The first ingredient is cognitive stimulation, comparable to the Legos and toys in rodent houses.

In numerous population studies, a factor consistently linked to Alzheimer’s risk is education.8 Higher education reduces risk; lower education increases risk. Presumably, people with higher education are exposed to more mental challenges in early life, which helps to build cognitive reserve. Similarly, occupation matters. People who perform more complex, mentally challenging work (whether managerial, technical, or professional) have a reduced risk for Alzheimer’s than people who perform manual labor, trade, or simple clerical work.9

While illuminating, these findings are also troubling. Although we are not lab mice, we don’t exactly have free and equal choices in life either. Where we study and what we do for a living are closely tied to socioeconomic status—they are socioeconomic status. Depending on our early-life environment, some of us will have more opportunities, means, and motivation to pursue higher education and then find employment with an intellectual bent and upward mobility. Beginning-of-life factors such as maternal and infant nutrition could also influence brain development and affect our later attainment.10 In a nutshell, we don’t all have equal access to the cognitive benefits afforded by education and occupation.

As medical and natural scientists, Alzheimer’s researchers are largely uninterested in such social-political concerns. Very few have explored the relationship between Alzheimer’s and early-life factors such as our parents’ occupations or the environment of our birth community.11

Fortunately, more egalitarian ways do exist to challenge the brain, such as reading books or newspapers, playing card or board games, and doing crosswords or other puzzles. Population studies show that people who frequently engage in these activities have a lower risk for Alzheimer’s.12 Indeed, in a study of older adults in ­Chicago, the benefits of these activities trumped the benefits of education and occupation, which suggests that schools and jobs per se may not be the real antidote; instead, people with higher education and more mentally challenging jobs may have a lower risk for Alzheimer’s because they are also more cognitively active in everyday life.13

Physical changes in the brain support the effect of cognitive stimulation. In London, licensed taxi drivers must learn to navigate between thousands of locations in the city. Rigorous training and years on the job enlarged the region of their brains responsible for spatial navigation.14 Apparently, the human brain, even in adulthood, remains plastic and can be pushed to increase its capacity.

And it doesn’t take long for the brain to change either. In one interesting study,15 twenty-four volunteers were given a brain scan and put into two groups: one group was to learn a three-ball cascade juggling routine in three months; the other was to do nothing different. When the three months were up, the learner group could skillfully perform the routine. Both groups then received a second brain scan, after which the learner group stopped practicing the routine. Another three months later, most in the learner group had lost their juggling skill, and a third scan was taken. What were the findings? There was no difference between the two groups at the initial brain scan. After three months of juggling, the learner group saw an increase in the brain region responsible for complex visual motion, but after three months of nonjuggling, the increased region had shrunk back.

What is less straightforward than these findings are the results of clinical studies.16 These trials tested the effect of a variety of cognitive activities, such as engaging participants in conversation, memory drills, video games, and simulations of everyday activities.17 Generally, exercises and drills didn’t really work. Although people can be trained to do better on, say, math calculation, the effect doesn’t translate into overall cognitive improvement or real-world benefits. On the other hand, activities that are more diffuse, such as group discussions of interesting topics or reminiscence activities, were more promising at improving participants’ overall condition.

One caveat here is that current cognitive trials are of lesser quality. Their size is small: a few dozen participants, as opposed to the hundreds or thousands often recruited for drug trials. Money is probably a factor here because cognitive interventions are not easily patented for business profit and thus lack private investment.18 There is also a lack of good placebos.19 In drug trials, a look-alike sugar pill and a test drug are randomly assigned without people’s knowledge to avoid human bias. But in cognitive trials, there is no ready-made sugar pill. The placebo group either receives no intervention—a fact that can’t be hidden—or it receives some other intervention that may have effects of its own and muddy the trial results. To confirm the positive effect of cognitive stimulation as an Alzheimer’s therapy, we need larger and more rigorous trials.
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The second ingredient of an enriched human life, comparable to the running wheels in a rodent house, is physical activity.

Among the different forms of physical activity, most researchers favor aerobic (with oxygen) exercise, also known as cardio (related to the heart) exercise. This exercise gets the heart pumping to supply oxygenated blood to the muscles. Common examples include walking, running, cycling, swimming, and ball games. Aerobic exercise ranges in intensity but is not over-the-top strenuous (like weightlifting), so the body can sustain it for an extended time.

How might physical activity bank brain power? Multiple theories exist, drawing upon the various hypotheses introduced earlier in this book.20 Physical activity can increase blood flow to the brain, boosting the oxygen/nutrient supply and thereby cognitive function. It can mobilize the antioxidant system and protect neurons from oxidative stress. It may also lower inflammation, promote neuron growth, and reduce abnormal beta-amyloid and tau in the brain.

Results from population studies support these benefits. In ten studies with a combined 23,000 participants who were followed anywhere between four and thirty-one years, physically active older adults were 40 percent less likely to develop Alzheimer’s.21 “Physically active” was defined based on international fitness guidelines, which require adults to do 150 minutes or more of moderate activity per week. For older adults, moderate activity includes anything ranging from walking (at a speed of more than three miles per hour), to leisure sports such as jogging and cycling, to intense housework such as shoveling snow.22

Clinical trial results, on the other hand (and as usual), are less consistent. In some trials, engaging older adults with or without Alzheimer’s in physical activity improved their cognition and daily function,23 but in other trials, it didn’t.24 When multiple trials are combined for comprehensive analyses—the so-called meta-­analyses—the results didn’t agree either; it depended on which trials were pooled. For instance, in one meta-analysis of thirty trials, physical activity improved cognitive function in people with dementia and related impairments.25 In a second meta-analysis that looked at Alzheimer’s patients, four trials also showed cognitive benefits.26 But in a third that focused on aerobic exercise, twelve trials showed no cognitive effects among nondemented older adults.27

Usually, these clinical trials, with their controlled and randomized nature, would trump population study findings, but something about physical activity tips the scales. And once again, we have the lowly mouse to thank for this insight. When transgenic Alzheimer’s mice were provided with a running wheel and exercised of their own free will, they experienced more cognitive benefits than if they were put on a motor-driven treadmill and made to run.28 This happened despite the treadmill being set to match the mice’s average, voluntary running speed. Presumably, forced running, even at a natural speed, induces stress, which offsets cognitive benefits. This may be why physical activity applied in clinical trials, which can be considered forced (or at least not completely voluntary), had inconsistent effects, whereas physical activity that people pursue and enjoy in everyday life showed more benefit in population studies.

Aside from potential cognitive effects, physical activity benefits Alzheimer’s patients in other ways. It improves fitness, which is important to people with Alzheimer’s, who have a higher tendency for falls, fractures, and immobility.29 They also help reduce depression, which is common among demented patients.30
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The third and last ingredient of an enriched human life is social engagement.

A fancy house, with all its toys and gadgets, apparently does the mouse brain little good if a mouse resides in it alone.31 Conversely, a barren cage without amenities does the mouse brain little harm if a group of mice share it.32 Housemates, it seems, are not a nice addition to, but the very fabric of, an enriched rodent life.

For humans, though, social engagement is more complex than just having housemates. Research generally breaks the concept down into two components: (1) maintaining a social network and (2) participating in social activities.

The size of our social network is typically determined based on the following factors: marital/relationship status (do we have and live with a partner?), parenthood (do we have children, how many, and how much do we interact with them?), extended family (how many relatives do we have, and how much do we interact with them?), and friendship (how many friends do we have, and how much do we interact with them?). Population studies show that older adults with larger social networks are less likely to experience cognitive decline.33 In a study of 1,200 older adults in Stockholm, those who were married and living with someone were half as likely to have dementia than those who were single and living alone.34 Even with more severe Alzheimer’s brain damage, people with a larger social network tended to maintain higher levels of cognitive function.35

The second component, social participation, is measured by participation in group events and activities such as clubs, religious services, volunteer work, and group outings. Once again, population studies show that older adults who participate in more social activities have less cognitive decline and a lower risk for dementia.36 In a study of 6,000 older residents in Chicago, frequent participation in social activities reduced cognitive decline by 90 percent.37

Some of these population studies adopted very long follow-up times in order to address the chicken-and-egg question: which comes first—low social engagement or the onset of dementia? When dementia sets in, people gradually lose their ability to handle complex social interactions, so they may withdraw from social circles and activities. In other words, low social engagement may be a result of dementia rather than the other way around. To address this possibility, studies used follow-up times over a decade to make sure that participants weren’t becoming demented at the start of a study. In several such studies, the cognitive benefits of social engagement held true.38

Multiple explanations exist for why social engagement wields this power. One is that social engagement, in and of itself, is cognitively stimulating. Socializing requires us to effectively talk, listen, and recognize thoughts and feelings, mobilizing several regions of the brain. Many of these regions also support memory and other cognitive functions, so frequent social stimulation may build up cognitive reserve directly.39 Indirectly, social support and a sense of belonging reduce stress, which in turn enhances cognitive function.40 Social engagement also gives us a sense of purpose and fulfillment, which is thought to make older adults more cognitively resilient.41

At present, clinical trials comparing the effect of social engagement versus placebo are lacking.42 In addition to the financial obstacle cited earlier, pure social intervention is difficult to manufacture in a trial setting. For example, one trial created social intervention in the form of group discussions. But by the researchers’ own account, this was “lively intellectual discussion.”43 If so, the activity most likely involved cognitive stimulation in addition to group companionship.

To be fair, real-life social engagement is rarely pure—and neither are real-life cognitive stimulation and physical activity. Playing chess or attending a lecture is mentally stimulating, but it could also involve quite a bit of social interaction. Dancing and tai chi get the body moving, but they also require us to memorize choreography and be mindful of our movements. When practiced in a social or group setting, as they often are, they also build companionship and solidarity.

The complex nature of these events, then, runs counter to the philosophy of modern clinical trials, which is about isolating and purifying chemical treatments. This philosophy serves the development of drugs, but less so for nonpharmacological treatments. As we mentioned earlier, forced treadmill running is not quite the same as free-will running. This mismatch may be reason enough to ditch the gold standard of clinical trials and trust population studies that observe the real-world benefits of an enriched life.

Without clinical trials, we cannot know which cognitive, physical, or social activity, in what precise dosage, conserves the mind, but judging by existing evidence, it matters less what we do than that we do: read a book, travel with friends, learn ballroom dancing, go to the gym, join a choir, whatever—try to partake in multiple activities that combine multiple kinds of stimulation.44 Live your life as though someone left the gate open. Isn’t that what we are supposed to do anyway?
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In 2018, Manhattan, Kansas, the “little apple” where I live and work, was ranked by Livability.com as the nation’s second-best place to live. Home to Kansas State University, Manhattan is a bustling, yet also laid-back little town with affordable living and respectable entertainment and cultural venues. It is the birthplace of the made-up holiday “Fake Patty’s Day,” a boisterous drinking celebration held one week before the actual St. Patrick’s Day because the real holiday falls during students’ spring break.

Another Manhattan gem less well known to livability experts is a not-for-profit senior living community in the northeastern corner of the town. It has an idyllic name: Meadowlark.

In the summer of 2018, after having lived in Manhattan for ten years, I stepped inside Meadowlark for the first time. I must say that I was impressed by what I saw. Cozy, independent-living cottages flank a well-groomed campus, surrounding a spacious community center, assisted-living areas, and a large community garden. Inside the community center, a daily calendar in the lobby greets visitors and residents, displaying a busy day’s schedule that includes activities such as book club meetings, discussion groups, Bible studies, and chair exercises.

Upbeat music drifted out of a room right next to the lobby. Through a half-opened door, I could see a dozen or so seniors enthusiastically lifting dumbbells and stretching their legs, while sitting in chairs. It must be the chair exercise class, I decided. Wandering further, I saw a restaurant, a billiard room, a theater, and small conference rooms lined with shelves full of books. Behind me, an elderly lady was wheelchaired into a salon, where another was getting her perm done. I wouldn’t mind living here in old age, I thought.

But I wasn’t here for a tour. I came for Meadowlark’s Memory Program, a free program open to area seniors dealing with—or simply concerned about—memory and cognitive decline. My friend Debra, who experienced dementia care firsthand, told me about it. Intrigued, I reached out to Meadowlark, sharing my interest in Alzheimer’s research and my hope for a visit. They kindly opened their doors, so there I was that morning, visiting the Memory Activities Class, an instructor-led weekly session that is part of the program.

Sitting around large folding tables arranged in a circle, I was joined by twenty-two senior citizens. As coffee and frozen yogurt were served, Don, the man sitting next to me, befriended me and filled me in on who was who. There was a retired school principal, a local carpenter, a husband-wife team. Many, including Don himself, come every week.

After the yogurt tray made its rounds, the class started with self-introduction. It was August 15, which apparently is National Relaxation Day, so folks were asked to also share what they like to do for relaxation.

One after another, people said their names. Some, usually the oldest of the old, also offered their age. They were proud, as they should be, that they were ninety-two years old and sitting in a classroom. Most of the people spoke fluently, but some struggled a bit to finish their sentences. One woman let on that she was recently diagnosed with Alzheimer’s, to which several others said, “Me too.”

Diagnosed or not, these elderly folks relaxed in style. By far, their favorite activity was reading: novels, newspapers, and magazines. A close second was playing puzzles: sudokus, crosswords, and jigsaws. Several also mentioned sightseeing, fishing, bird watching, and dog walking.

I too was invited to share my ways of relaxation. Under the curious looks of twenty-two seniors, I said—with self-consciousness and recognition of irony—“watching TV.” Compared with the others’ pastimes, mine was not particularly enriching. The kind of TV I—well, we—usually watch and the way we watch it is not cognitively, physically, or socially stimulating. This relaxation also takes time away from other, potentially more enriching activities. In fact, in one population study, watching television was linked with an increased risk for Alzheimer’s.45 That morning, I was the only person in the room who watched television for relaxation.

After self-introductions and relaxation sharing, the class entered a lively discussion of what daily strategies they use to cope with memory loss. And when I say lively, I mean lively—if only youthful students in my class could show this kind of enthusiasm. From left and right and every corner, people offered tales of their daily struggles and victories with sticky notes, a calendar, multiple calendars, voice recorders, and pill dispensers. It didn’t matter if an answer had been given. No one seemed to notice (or if they did, they didn’t care). When the hourlong class drew to an end, quite a few people still needed to speak. They compromised by talking loudly with their neighbors as the class gathered their belongings, sipped the last of their coffee, and filed into the corridor.

Another man (not my pal Don, who had dashed out to catch a doctor’s appointment) was walking next to me as we retreated. He turned to look at me and, with a faint smile, asked what I thought about the class.

“I loved it,” I said, genuinely. “It was fun … and stimulating!”

“Yes,” he agreed, gesturing toward the woman walking on his other side. “I bring my wife Sherry every week.”

Sherry was leaning on a walker, mustering all her attention and energy to move forward, with nothing left to give to us.

“I want to keep her involved for as long as possible, you know,” the husband said. “I figured it can only help.”

“Yes, it can only help,” I said emphatically, for him and myself. “It can only help.”


Epilogue

When I started this book five years ago, I had little idea what I was in for. I knew that the science of Alzheimer’s was complicated, but I wasn’t prepared for the amount of confusion and controversy that came up along the way. I knew media reports of “breakthroughs” should be approached with caution, but I didn’t expect all the ambivalence, exaggeration, and even fraud in scholarly publications—publications that supposedly represent the integrity and rationality of modern science.

As someone who researches and teaches scientific communication, never was I more impressed with scientists’ rhetorical skills. Say that a clinical trial uses four cognitive tests to judge the effect of a drug, and three tests fail while one succeeds. You can be sure that the three failed tests will be glossed over, while the successful one will receive tremendous attention. It will be highlighted in the title, emphasized in the abstract, elaborated in the discussion, and repeated in the conclusion. You absolutely could not miss it. But if you are not careful, you might just miss the fact that three of the tests did fail.

In the unfortunate event that all the tests look gloomy, we can still group, regroup, model, and remodel the data, and something positive will always (or at least usually) turn up. This something is then duly discussed, with warmth and enthusiasm. Connections are made to previously published studies to show that this something is actually quite significant and not at all unexpected. By golly, people should have been looking for it in the first place.

Suppose that the finding differs from (or indeed contradicts) previous findings and forbids drawing connections, explanations can always be found, usually without too much difficulty. The key is to hedge: differences may be caused by the use of different strains of mice; it is possible that the increased dosage had a negative effect. If the explanation throws doubt on opponents’ work, all the better. Perhaps their sample was too small, their study too short, their method of detection insensitive. No respectable scientist would claim certainty without abundant facts, but everyone can earnestly speculate without breaking the so-called objectivity of science.

Not every publication tries this hard. Some come out loud and clear that a study didn’t work, the expected result wasn’t there, and all the findings were negative. But this usually happens when researchers are ready to bail out—to wash their hands of the matter and move on to something else. And that usually happens when grant funding or industry support runs out. At that point, ruthlessly denouncing a project shows that one is making sound, rational scientific decisions, not simply giving up when the going gets tough. However, should funding and support remain a possibility, seemingly obvious failures can still be ignored, and the clichéd conclusion “further studies are warranted” can be drawn.

Remember, too, that we are talking about the more influential and well-researched Alzheimer’s hypotheses. Other hypotheses are out there that, for the time being, have more gaps than evidence.

For example, there’s the cell cycle hypothesis, which likens Alzheimer’s to cancer,1 an intriguing idea just by the sound of it. Cell cycle refers to several phases that cells go through in order to divide and replicate. Most of the cells in the human body go through this cycle forty to sixty times in their lifetime.2 But neurons, once mature, no longer divide, so they should have nothing to do with the cell cycle. If they enter the cycle by mistake, they may not exit properly and can wind up in a state of diseased immortality, like cancer cells. These cancerous neurons allow damage to accrue in the brain, causing Alzheimer’s. Again, a very intriguing idea, but it needs a lot more evidence before it turns from intriguing to potentially promising.

Then there’s the infection hypothesis linking Alzheimer’s to viral or bacterial infection. The list of suspected viruses and bacteria is long, including herpes viruses, human immunodeficiency virus (HIV), and others whose names likely aren’t remotely familiar to the average person.3 Although infection-caused mental diseases are not unheard of (notably neurosyphilis, as mentioned elsewhere in this book), evidence for the infection hypothesis is presently rather weak. Some autopsy studies detected viruses and bacteria in the Alzheimer’s brain, but others didn’t. Even the studies that did couldn’t agree on a common virus or bacterium.

Still, the hypothesis carries a certain allure, for it is truly outside the box and echoes some classical scientific breakthroughs. Back in the 1980s, it was widely believed that stomach ulcers were caused by stress. Then two Australian researchers, Barry Marshall and Robin Warren, proposed that a bacterium called Helicobacter pylori was the real culprit. Their theory was ridiculed until it was proved true, earning them the 2005 Nobel Prize in Physiology or Medicine.

In addition to viruses and bacteria, another proposed infectious agent is prions, a word derived from “protein” and “infectious.” Prions are otherwise normal proteins with misfolded shapes that clump together. They ravage the brain, turning it into a spongelike mess full of tiny holes. An arguably more terrifying fact about prions is that they are contagious. Acting like seeds, prions cause normal proteins that they come into contact with to misfold and thereby spread between cells, tissues, and individuals.4

The major type of prion disease in humans is Creutzfeldt-Jakob disease. A rare disease affecting one to two people per million each year, it causes rapid loss of cognitive and physical function that ends inevitably in death.5 The disease can arise spontaneously, be inherited, or transmit through medical procedures—notably via the injection of cadaver-derived growth hormone, a now-obsolete practice. Prions also affect animals and are the cause of mad cow disease (in cattle) and scrapie (in sheep and goats).

Stanley Prusiner, a Nobel Prize winner in 1997 for his discovery of prions, is a chief advocate of the idea that prion diseases are not rare, that they include common neurological conditions such as Parkinson’s and Alzheimer’s (thus making prions a far more valuable—and fundable—area of study). He claims that beta-amyloid and tau proteins are essentially prions, and their spreading and aggregation in the brain is what causes Alzheimer’s.6

What’s the evidence for this claim? Beta-amyloid extracted from the Alzheimer’s brain seeded the deposit of synthetic beta-amyloid.7 Injecting Alzheimer’s brain extract into mice caused the spread of beta-amyloid deposits.8 More recently, Alzheimer’s-like beta-amyloid deposits were found in four cadaver hormone recipients,9 stoking fearful newspaper headlines that “Alzheimer’s may be a transmissible infection” and “You can catch Alzheimer’s.”10

Now, if we really want, we can call beta-amyloid “prionlike,” or even prions, because of their seeding behavior, but that doesn’t make any material difference in drug development. Prion diseases don’t have cures, so whether we call beta-amyloid prions or just abnormal proteins, we would still be trying to reduce beta-amyloid.11 More important—and I can’t stress this enough—calling beta-amyloid (or tau) prions does not make Alzheimer’s a classic, infectious prion disease. So far as we know, blood transfusion does not increase one’s risk for catching Alzheimer’s,12 and neither does cadaver hormone injection. Worldwide, 200 people have had the Creutzfeldt-Jakob prion disease transmitted to them due to receiving cadaver-derived growth hormone, but there was no report of Alzheimer’s among 6,190 cadaver hormone recipients in the United States.13 In fact, we can’t seem to transmit Alzheimer’s if we try. Injecting human Alzheimer’s brain tissue into nonhuman primates failed to transmit the disease after dozens of attempts, whereas injecting Creutzfeldt-Jakob disease brain tissue into primates spread that disease in hundreds of cases.14

Still, the alarmist prion hypothesis gets a fair amount of media attention, as do other hypotheses that attribute Alzheimer’s to pesticides, air pollution, sleep disorders, etc. To account for all these ideas seems premature at this time (and will require another book). But as scientists like to say, it may be warranted if the landscape of Alzheimer’s research continues to shift, especially if the beta-amyloid paradigm actually crumbles.

Until then, I hope this book has been a useful and enjoyable read.
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