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For my grandfather




Preface: ‘A Peculiar Disease’


Science is public, not private, knowledge.


Robert King Merton, Science, Technology and Society in Seventeenth-Century England, 1988


WHEN I WAS twelve years old, my grandfather began to act strangely. I had known Abbas Jebelli as a self-effacing man, whose strong sense of family frequently carried him from volatile Iran to our quiet street in Bristol, England. He used to arrive with suitcases filled with pistachio nuts and Persian sweets, smiling until the corners of his eyes wrinkled as he handed us our gifts.


It started with inexplicable walks. When he was visiting, he’d leave the dinner table and then we would find him, half an hour later, aimlessly wandering the neighbourhood. ‘Please stop doing that,’ my father would say. ‘Bebakhshid,’ (‘forgive me’) was all Abbas ever replied in his native Farsi. His bright smiles were gradually replaced by a fearful, withdrawn expression, as if he’d lost something irreplaceable. Before long, he didn’t recognise his own family.


Something indefinably peculiar had happened to him.


As far as I knew, though, Abbas was just getting old. For decades, human lifespan had been rising. In the 1940s you’d be lucky to make it to age fifty, my father had explained, but we’re now living in the 1990s and Granddad was a leathery seventy-four-year-old whose mind, like his sight and nearly everything else, was slowly wearing out. 


But that explanation never felt right. My young mind had no notion yet of the endless intricacies of the human brain, of the 85 billion cells that knit fragments of the past together into a ghostly tapestry that we call memory. Perhaps it was the sheer indiscriminateness of this bizarre affliction. Why, if this was ‘normal’, was my grandmother not going through the same thing? Why was the Queen still able to make such eloquent speeches on television when Abbas couldn’t even draw a clock face? Why, for that matter, wasn’t everyone who reached old age experiencing this? 


Seventeen years later, I am standing in a small, dimly lit room in the Institute of Neurology at University College London. Glass beakers, pipettes, shelves filled with chemicals and reagents, and a large grey centrifuge surround me. The air is filled with the stinging scent of ethanol, and there’s a quiet hum as curtains of sterile air separate me from the nearby workstations. I stare into a small light microscope, focusing the image until the contours of numerous circular entities come into view. These are brain cells, taken from a rat, which I’m hoping will make some sense of what happened to my grandfather and millions of others just like him – all stricken by one of the most terrifying illnesses of modern times: Alzheimer’s disease.


The cells I’m looking at were already sick when I plated them two weeks ago; they’ve come from animals engineered to have the disease inscribed in their DNA. As expected, the now infamous plaques – dark patches that appear in the brains of Alzheimer’s patients, proposed to be the disease’s root cause twenty-five years ago – have started to form between them. But hidden among this neurological nightmare are the brain’s immune cells, microglia. And if the immune stimulant I’ve given them works, they could unleash a potent chemical attack on the plaques, physically engulfing and degrading them in a cellular defence mechanism called phagocytosis. Whether they will, though, still remains a question. 


This theory is one of many that scientists are now testing, for Alzheimer’s is already a disease of global significance. It affects 47 million people worldwide and more than 800,000 in the UK alone.1 As the world’s population ages, Alzheimer’s is expected to affect 135 million people by 2050, overtaking cancer to become the second leading cause of death after heart disease.2 We’ve now reached a point at which almost everyone knows someone – whether a family member or a friend – who has been affected. 


In recent years, cases from the echelons of high society have reached our ears as well. Rita Hayworth, Peter Falk, Charlton Heston, Rosa Parks, Margaret Thatcher – all eventually developed Alzheimer’s. When President Ronald Reagan was diagnosed, in November 1995, he published a handwritten letter to the American public: ‘At the moment I feel just fine. I intend to live the remainder of the years God gives me on this earth doing the things I have always done … Unfortunately, as Alzheimer’s disease progresses, the family often bears a heavy burden. I only wish there was some way I could spare Nancy from this painful experience.’3 


As anyone who has known a patient understands, Alzheimer’s is a merciless disease. It strips the mind of decades of stored memories that have been sculpted and embedded deep within our brains. Slowly and steadily, it erodes an individual’s autobiography, the very narrative that defines who we are. In his book The Emperor of All Maladies, Siddhartha Mukherjee describes cancer as ‘a distorted version of our normal selves’, ‘an individual – an enigmatic, if somewhat deranged, image in a mirror’.4 Perhaps, using this analogy, Alzheimer’s is the absence of a reflection altogether – a shadowy abyss that disengages a person from the world.


When I set out to study Alzheimer’s, it was for personal reasons. I never expected to cure the malady myself, but I did want to understand what happened to my grandfather after having to watch his memory disappear in this way. I learned quickly that the science behind the disease is still shrouded in mystery. Professor Alois Alzheimer, the eponymous German psychiatrist who first described it in 1906, called it ‘a peculiar disease’. He was referring mainly to its underlying pathology. Through the microscope Alzheimer had observed numerous plaques and tangles of an unknown substance. But he didn’t know whether they were the disease’s root cause or just an after-effect. This question has remained unanswered, and we still know very little about what causes brain cell death on such a massive scale. 


Here is what we do know. A person with Alzheimer’s is not ‘just getting old’. Their brain is under attack. A host of killer proteins has been unleashed – insidious black stains known as plaques and tangles. After gestating in the brain for years, perhaps decades, they will spread and hollow it out. In the hippocampus, a brain region crucial for memory, the plaques start by destroying the brain’s ability to create new memories by disrupting the electrical signals between neurons. As they grow in number, the plaques eventually trigger the rise of tangles – deformed proteins that completely unravel the neurons’ internal transport mechanism. The ensuing neurotoxic storm then causes the brain’s immune system to activate. But the damage is irreparable, and even our brain’s best efforts to remedy the affliction are insufficient. One by one, like a chain of dominoes, neurons continue to fall. In only a few years after symptom onset, neurons in the frontal lobe and cerebral cortex will start to perish, disrupting mood, spatial awareness, face-recognition and long-term memory. Six to eight years is usually how long it takes. The result is a brain the weight of an orange, having shrunk at three times the rate of normal ageing. 


But there is hope. Today, advances in genetics and cell biology are changing the conceptual landscape of Alzheimer’s disease. Research has become highly collaborative: last year, for instance, more than 200 researchers from across Europe and the US worked together on a genetic study using 70,000 patients.5 The effort uncovered eleven new genes linked to Alzheimer’s disease, and armies of scientists continue to mobilise around the world in a concerted effort to unmask and disarm it. This book is, in part, a look at the fascinating and utterly important work they are doing. 


But this wasn’t enough for me. As time went on – as I moved through the ranks of postgraduate training, earning a doctorate in neuroscience and then becoming a postdoctorate researcher conducting independent research on neurodegeneration and mentoring my own students – I became convinced that studying Alzheimer’s would require something more than what I could discover in the laboratory. A paradox of biological research is that its practitioners invariably succumb to a strange form of tunnel vision: the more we delve into a problem, the more sheltered we are from its wider reach. I wanted to meet other people like my grandfather and his family, dealing with Alzheimer’s here and now, to tell the human story of this disease along with the scientific one. 


Because more than anything, Alzheimer’s is a disease that affects families. Its symptoms engulf those around it, causing emotional turmoil for family members who can do nothing but watch while their loved ones – hearts still pumping, breath still flowing, eyes still open – slowly slip away for ever. I wondered how others were coping with this. Did their stories bear any resemblance to what my own family went through? To find answers, I reached out to patients and families affected by the illness, including people with early-onset Alzheimer’s who, after inheriting it from their parents, have had to make unimaginable decisions and sacrifices throughout their lives. 


One of the first patients I met was eighty-four-year-old Arnold Levi. Arnold represents a typical case of Alzheimer’s, and I listened as he and his carer, Danie, described the frighteningly tangible implications of this attack on Arnold’s brain. It happened slowly at first. He’d forget the same kind of things many elderly people do: names, dates, paying the bills, stocking the fridge. Small things. Ordinary things. No one thought much of it, least of all Arnold. But over the course of a few years people did start to think about it. His friends noticed an intense and unshakable decline in his behaviour. He needed help getting dressed. He left taps running, the burner on the stove on, the front door unlocked. And of course, he wasn’t trusted to drive any more.


And this was just the start. Over the next few years Arnold will become increasingly confused and agitated. His soaring level of forgetfulness and plummeting cognitive faculties will deeply frustrate him. Familiar people will seem like complete strangers. He may even frantically push them out the house, petrified by the ‘intruder’. 


Eventually, Arnold will no longer be able to speak, eat, drink or swallow. The most a loved one can hope for from the bedbound sufferer is the slightest quiver of comprehension from a tender touch or a cherished voice. Utterly robbed of his final years of life, Arnold will likely die of malnutrition or pneumonia, his mind now powerless to uphold the most primal rules of survival. 


This is the horrifying reality of Alzheimer’s. Scientists talk about Alzheimer’s like detectives solving a crime – evidence versus speculation, deduction versus assumption, truth versus deception. We gather every clue we can before the brain cells we are studying vanish into thin air. At scientific meetings we ask questions about caveats and statistical significance. But Alzheimer’s isn’t like this for families. For us, it’s something terrifying and abstract: an invisible thief, a long goodbye we now know is not just old age, but of which many people know little else. Meeting these families, I realised that they wanted answers from me as badly as I did from them. 


One thing was clear: if they were going to enlighten me, I’d make sure I returned the favour. Intensely, I started reading everything I could about the disease. My desk filled with stacks of research articles and academic papers. My inbox flooded with emails about the news and contents of the most august scientific journals. I contacted all my scientific colleagues to learn how the field was changing, and to keep pace with the lightning speed of research. I travelled across the globe, visiting different laboratories, interviewing scientists and talking to patients and their families. I’ve had memory testing myself. I put all my powers of critical thinking from ten years of scientific training to the test. I was, in short, obsessed. 


This is a book about the past, present and future of Alzheimer’s. I started my investigation from the very beginning, from the first recorded case more than 100 years ago, right up to the cutting-edge research being done today. It is a story as good as any detective novel. It took me to nineteenth-century Germany and post-war England; to the jungles of Papua New Guinea and the technological proving grounds of Japan; to America, India, China, Iceland, Sweden and Colombia; and to the cloud-capped spires of the most elite academic institutions. Its heroes are expert scientists from around the world – many of whom I have had the privilege of working with – and the incredibly brave patients and families who have changed the way scientists think about Alzheimer’s, unveiling a pandemic that took us centuries to track down, and, above all, reminding everyone never to take memory – our most prized possession, the faculty Jane Austen called ‘more wonderful’ than the rest – for granted. 


Abbas didn’t live long with his illness. In Iran, like a candle burning itself out, his mind faded and vanished within seven years. It had reached an unknown destination, a place every patient I spoke to was heading and somewhere one in three people born in 2015 is bound for as well.6 I think about that nearly every day. It’s what has driven me forward.




Author’s Note


THE STORIES IN this book are real stories. Some patients have already received public attention for their illness and so were happy for me to use their real names. However, for reasons of anonymity, and because Alzheimer’s disease remains stigmatised in some parts of the world, other patients requested privacy. In these instances I have changed their names and identifying details. I ask the reader to respect their right to confidentiality. 




PART I


Origins




1


The Psychiatrist with a Microscope


Idle old man,


That still would manage those authorities


That he hath given away! – Now, by my life,


Old fools are babes again …


William Shakespeare, King Lear


WHEN HE FINISHED his talk, Alois turned to the audience. There were nearly 100 guests in attendance, which usually assured a lively discussion. Alois – frank and commanding with a stout face, coiffed moustache, piercing gaze and immense stature – waited confidently. But no one spoke. Had they not understood him? Sensing an uncomfortable silence, the chairman intervened: ‘So there, respected colleague Alzheimer, I thank you for your remarks, clearly there is no desire for discussion.’


It was 3 November 1906. Dr Alois Alzheimer, a psychiatrist in Munich, was at the South-West German Psychiatrists’ meeting in Tübingen to describe a fifty-six-year-old woman with a peculiar and unexplained mental disorder. Her name was Auguste Deter. 


Auguste had been brought to Alzheimer four years earlier by her husband Karl, a railroad worker who had spent the last eight months watching his wife’s behaviour deteriorate. The couple had been married for twenty-eight years, had one daughter, and were living a normal, healthy and happy life together. 


But things changed when Auguste became inexplicably paranoid about the relationship between Karl and their female neighbour. More disturbing still was Auguste’s severe decline in memory. She was the epitome of a good German housewife, and so it struck Karl as highly unusual when she started neglecting her housework and making mistakes in the kitchen. Over the next few months Auguste wandered aimlessly round their apartment, hiding family possessions and speaking ominously of death. Her delusions resulted in panic when she started to believe that a carriage driver was trying to break into the apartment. 


Karl was bewildered. At the time illnesses like this were extremely uncommon in someone of Auguste’s age, and overall rare in the population because living much beyond your sixties in 1901 was a rarity in itself. At a loss, Karl took his wife to one of the most highly regarded psychiatric clinics in the world: the Asylum for the Insane and Epileptic in Frankfurt, which had a nickname indicative of the attitudes towards mental illness at the time: ‘The Castle of the Insane’.


Auguste’s illness is the first reported case of what we now know as Alzheimer’s disease, the most common cause of dementia. Dementia is an umbrella term encompassing a constellation of brain disorders – such as vascular dementia, Lewy body dementia and fronto-temporal dementia – all of which involve a gradual loss in several aspects of cognition including memory, language, attention, orientation and problem solving. It often manifests as personality changes, depression, paranoia, agitation, delusions and even hallucinations. 


The sheer breadth of faculties under assault fosters much confusion when faced with an Alzheimer’s victim. This was certainly true when it came to my grandfather. His four children, including my father, never truly accepted his diagnosis. They maintained that Abbas could be a curmudgeonly and somewhat eccentric character. They only recognised the term Alzheimer’s as something abstract – a hazy miscellany of a crumbling mind. Our family certainly had little concept of a cause of dementia, let alone the existence of dementia subtypes. We know now that to say someone has dementia is like saying they have cancer without identifying which type of cancer. And so, just as melanoma is a type of cancer, Alzheimer’s is a type of dementia. 


We now know that Alzheimer’s is distinguished from other dementias by its unique effect on parts of the brain that control thought and memory, as well as its characteristic pattern of structural and chemical changes that can be seen with brain imaging and post-mortem examinations – appearing as catastrophic nerve cell death, and plaques and tangles of toxic proteins scattered throughout the brain. Plaques, in pure biological terms, are sticky proteins that clump together in the spaces between nerve cells. Tangles are also clumps of sticky proteins, but they form inside nerve cells and are more threadlike in appearance. Both are thought to be a kind of molecular ‘garbage’ that distorts healthy brain function and ultimately leads to Alzheimer’s. In truth, however, we’re still not entirely sure what they are, why they form, or how they cause the disease. This urgently needs to change. According to the World Health Organization (WHO), Alzheimer’s is now estimated to account for 70 per cent of all cases of dementia.1 


But it took a long time to get this far.


For centuries, mental illness was thought to be the work of spirits and gods. In the book of Deuteronomy, the ancient Hebrews interpreted disordered thoughts as a curse from God for all who disobey Him: ‘The Lord will strike you with madness and blindness and confusion of mind.’2 Dementia was so poorly understood it was regarded along similar lines: those who had it were mad or just foolish. It was a time when unfounded beliefs held sway, and people tried to treat such illnesses by ‘trepanation’, drilling holes into the skull to release evil spirits. Greek and Roman philosophers sought to bring about a change through observation and scientific rationalism.


One of the earliest accounts of what we could call dementia was by the sixth-century BC mathematician Pythagoras, who described it as an inevitable outcome of old age; a period, in his words, where ‘the scene of mortal existence closes, after a great length of life, to which, very fortunately, few of the human species survive. The system returns to the imbecility of the first epoch of infancy.’3 The word ‘imbecility’ came from the Latin imbecillus, meaning ‘weak-minded’. According to Pythagoras, human life followed the seasons – old age is winter, and so its changes, however severe or unpleasant, were natural. But others thought there was more to it.


Cicero, the Roman philosopher, was among the most vital advocates in this regard. He thought dementia affected ‘only those who are weak in spirit and will’.4 A misguided theory of course, but it was the first whisper of the notion that dementia is not an inevitable product of old age. He took things further by suggesting that exercise might even prevent such decline, which was highly progressive given what I discuss later in this book. Building on his work, the Greek physician Aelius Galenus, better known as Galen, continued to buck conventional wisdom by describing patients suffering from what he called morosis (mental slowness), elderly people whose ‘knowledge of letters and arts are totally obliterated. Indeed, they can’t even remember their own names.’5 Galen shattered the ancient, irrational views his predecessors had created, recasting dementia as a medical problem worthy of deeper investigation.


However, the period that followed was almost disastrous. The Middle Ages saw a return to supernatural explanations for disease – dementia was a test of faith, a devil to be exorcised, a ‘consequence of the original sin’,6 and many sufferers were branded as witches. Even so, Christian-Judaeo beliefs also inspired a great deal of humanitarian thinking in the more enlightened. Brain diseases were looked upon with compassion and the care of the mentally ill became a religious obligation. Rational therapies, such as diets, baths and herbal medicines, came into practice: salad greens, barley water and milk, for example, were encouraged to replace red meat and wine; others endorsed a blend of aloes, black hellebore and colocynth.7 


When the Enlightenment began, a string of discoveries in physics, chemistry and medicine – by Isaac Newton, Joseph Priestley, John Dalton, Luigi Galvani, Alessandro Volta and Edward Jenner – pointed towards the possibility of physical explanations for mental phenomena. The French philosopher René Descartes thought that experiences make tiny pores in the brain like needles making a pattern of holes in a linen cloth.8 David Hartley, the eighteenth-century English physician, claimed that nerve vibrations create sensations and memory, and that violent vibrations are the cause of mental illness.9 These ideas were vague and incomplete, but they were free of mysticism and the supernatural.


A tipping point arrived when the French psychiatrist Philippe Pinel became the first to separate discrete types of mental disorders from the broad-brush label of insanity; it was not good enough, he said, to call these patients ‘mad’. At the Bicêtre Hospital in Paris, Pinel called for compassion and non-violence when caring for the mentally ill. He spent hours talking to his patients and insisted that they be unshackled from their iron chains. Driven to study mental illness after the suicide of a close friend, Pinel used the term ‘dementia’ (démence, ‘out of one’s mind’) in 1797, ushering in the modern age of psychiatry.10 In 1838 his most talented student, Jean-Étienne Esquirol, fiercely denounced any remaining stigma: ‘A demented man has lost the goods he used to enjoy; he is a wealthy person turned poor. An idiot, by contrast, has always been unfortunate and poor.’11


Twenty-six years later, on 14 June 1864, Alois Alzheimer was born. 


Alzheimer grew up in the small Bavarian town of Marktbreit, a place of fairy-tale houses and cobblestone streets, Roman castles and Catholic jurisprudence. His father, Eduard Alzheimer, was a lawyer who had lost his first wife to puerperal fever. After a year of grieving Eduard married her sister, Theresia, and the couple had six children together. Alois was the eldest. 


In 1883, aged nineteen, he was the first in his family to apply to medical school and obtained a place at the University of Berlin, where the world’s brightest medical minds were already making history. It had been there, in 1858, that the humble-looking polymath Rudolf Virchow made great leaps in our understanding of basic biology. Virchow argued that cells, the basic structural unit of all organisms, were the roots of all disease. ‘The body,’ he wrote, ‘is a cell state in which every cell is a citizen. Disease is merely the conflict of the citizens of the state brought about by the action of external forces.’12 


After five years of study surrounded by these ideas, Dr Aloysius ‘Alois’ Alzheimer was licensed to practise medicine for the German Empire. His interest was in psychiatry, so he applied for an intern position at the Frankfurt Mental Asylum and was chosen for the job on the same day the application was received. When Alzheimer arrived at the asylum there was certainly no shortage of work to be done. The director, Emil Sioli, desperately needed help after the asylum’s sole medical assistant retired and the only relief doctor on duty had accepted a job offer elsewhere. The twenty-four-year-old Alzheimer was faced with 254 patients and one exhausted mentor.


Though magnificent from the outside, the inside of the asylum was anything but. Like most things German at the time, it aimed to set the standard for ingenuity and so imposed the modern ‘non-restraint’ principle of treating patients, designed by the English psychiatrist John Conolly for a more humane treatment of the mentally ill. Straitjackets were forbidden. But as Alzheimer found out, this approach was not without its downsides: non-restraint also meant no forced feeding, bathing or cleaning. And with so many patients and so few staff, conditions soon spiralled out of control. As Alzheimer mused:


Everywhere cursing, spitting patients sat around in the corners, repulsive in their manner, peculiar in their dress, and completely inaccessible to the doctor. The most unclean habits were quite common. Some patients appeared with pockets filled with all sorts of waste, others had masses of paper and writing materials hidden all over the place and in big packets under their arms. When one had to finally follow the rules of hygiene and do something to get rid of the filth, one could not proceed without resistance and loud cries.13


Alzheimer immediately began to make changes. He introduced long baths where particularly uncontrollable patients could wind down; large consultation rooms where the doctors could talk and develop a dialogue with the patients; and special rooms designated solely for the microscopic examination of brain tissue. In this setting Alzheimer dived head first into research. Inspired by his years at Berlin University, he spent hours at the microscope, analysing hundreds of patient samples. The hunt for the biological origin of brain disease had begun. 


But Alzheimer needed the right tools, and that’s exactly what his like-minded peer, Franz Nissl, provided. A twenty-nine-year-old physician from Munich, Nissl had been working on a technique he had discovered as a medical student half a decade earlier. Using a variety of chemical dyes with exotic names such as cresyl violet and toluidine blue, Nissl stained thin slices of brain tissue to see if they would show structures in the brain never before seen. The images he produced were striking. The detail of individual nerve cells – their size, shape, position and internal components – were suddenly visible to the human eye in bright colour. The ‘Nissl stain’ became a sensation, and scientists around the world used it to reveal a host of different brain structures. Alzheimer himself described it as ‘quite superb’.


With his transformation of the asylum, championing of the microscope, and a number of great thinkers by his side, Alzheimer’s career flourished. He gave lectures around the country where he talked about bizarre patient cases and showed beautiful images of his latest microscopic examinations using the Nissl stain. His peers called him ‘the psychiatrist with a microscope’.


In 1894 an extremely wealthy woman called Cecilie Geisenheimer, the widow of a diamond dealer, was bold enough to ask Alzheimer to marry her. Alzheimer had met her in Algeria, where he was sent to treat her husband, Otto Geisenheimer. Otto and Cecilie had been travelling around North Africa on a scientific expedition when he fell ill with general paresis (a neuropsychiatric disorder caused by late-stage syphilis). The situation was grave, and so Alzheimer, whose reputation now preceded him, was asked to accompany the couple back to Germany. They made it as far as the south of France before Otto died in a hospital in St Raphael. In the years that followed Alzheimer watched over Otto’s widow and the couple became close. Cecilie was a ‘highly educated woman with great heartfelt kindness’, one of their granddaughters later remarked.14 The couple were married on 14 February 1895, and had three children together. Alzheimer’s happiness, both professionally and personally, had reached its peak.


Six years later, aged forty-one, Cecilie died of suspected kidney disease. Alzheimer was devastated. Life had been going so well for him but now he was left with three young children to raise alone. His unmarried sister, Elisabeth, took on the role. 


Nine months passed. On 26 November 1901 the grief-stricken Alzheimer was working diligently at the asylum. He’d been burying himself in work, seeing more patients and working later into the night than ever before. Little did he know that the patient who would make his name echo through history was now sitting in front of him eating cauliflower and pork for lunch.


The newly admitted Auguste Deter intrigued Alzheimer. One minute she would appear calm and lucid, the next frightened and confused, roaming the ward and grappling other patients’ faces. Alzheimer interviewed her extensively, asking her to identify a series of objects: a pencil, a book, a bunch of keys. These small confusions are often the things that stick in the mind of those who first notice the onset of Alzheimer’s in a loved one: car keys are found in the fridge, clothing in the kitchen cabinet, objects like kettles and mail can disappear and then turn up somewhere completely unexpected. When asked to write down her name, Auguste began with ‘Mrs’ but would then forget the rest – something Alzheimer had never seen before. He first called it ‘amnestic writing disorder’. 


Over the next few months Auguste became increasingly disorientated, forgetful and mentally unhinged. Hauntingly, she would often look Alzheimer in the eyes and repeat the words: ‘I have, so to speak, lost myself.’ 


Alzheimer was fascinated. Auguste’s condition fitted previous descriptions of dementia, of a confused state that still had no better explanation than normal ageing. But surely, at fifty-one she was still too young for that. He examined her every day, looking for subtle clues in behaviour that could shed light on the underlying disturbance. But Auguste’s condition deteriorated to the point where Alzheimer could no longer gain any meaningful insight. In May 1902 his final entry in her medical record reads: ‘Auguste D. remains hostile, screams, and lashes out as soon as one tries to examine her. She also screams spontaneously and then often for hours, so that she has to be held in bed. As far as food is concerned, she no longer keeps to prescribed meal-times. A boil has formed on her back.’15


Having done all he could with such an impenetrable disorder, Alzheimer moved on. There was little he could glean while Auguste was still alive. And he had been offered a position in the clinic of world-renowned psychiatrist Emil Kraepelin, in Munich. After fifteen years, Alois left the Frankfurt Castle of the Insane.


It was a wise decision. Though only six years Alzheimer’s senior, Kraepelin had gained international fame with the publication of various psychiatry textbooks in which he declared his conviction that all mental disorders are biological in origin – a conclusion Alzheimer had already been moving towards.


This idea, however, met resistance. The theories of Sigmund Freud had already taken hold of both the public and scientific imagination in Germany, and in doing so gave rise to a scientific factionalism that would ultimately cost Alzheimer his audience in November 1906. Sigmund Freud’s imaginative and beautifully crafted ideas on how the mind works and why it becomes disturbed were highly alluring. Childhood repression, the Oedipus complex, the id, ego and superego were just some of the ingenious concepts Freud espoused to explain the source of psychiatric diseases – which, he claimed, could be completely remedied using the subtle art of psychoanalysis. And in a time where so little hope of a cure for mental illnesses existed, it was no surprise that the Austrian physician’s new outlook enraptured so many. 


Back in Frankfurt, Sioli kept a close eye on Alzheimer’s most important patient. But Auguste’s castaway mind had now come to the end of its journey. On 6 June 1906 Alzheimer was informed of her death. He requested that Auguste’s brain be sent to him for a post-mortem at his new laboratory in Munich.


The first thing Alzheimer noticed from the small, soft, slightly off-white ball of tissue – now sitting on his laboratory bench – was just how small it was. There was a large loss of brain tissue throughout the cerebral cortex – the top layer of the brain – and this seemed to be the result of a catastrophic extinction of nerve cells. Bordering these biological ruins were also what looked like scars made up of other cell types. When Alzheimer peered down the microscope, the most perplexing omen of all appeared.


Peppered throughout the brain were dark particles of an unknown substance. They appeared to have nestled themselves in the spaces between nerve cells. Some were much larger than the surrounding cells, others smaller. And unlike the shrivelled form of dying brain cells, these particles possessed a rugged, patchy texture that clearly marked them as separate entities. What these particles – or plaques, as they later came to be known – consisted of, and where they came from, was a mystery. Alzheimer called them aufbaum productif (‘build-up products’). 


What they did reveal, or at least highly suggest in his opinion, was genuine biological evidence for a brain disorder that had so far been considered purely psychological. More determined than ever, Alzheimer continued to examine the samples, in which he uncovered another intriguing peculiarity. Swarming within the debris of dead nerve cells was a second dark substance. This one was less lumpy and more threadlike in appearance. It took on the shape of variegated tangles of material that stretched out within the carcass of the deceased cell. But whether this was the same enemy in a different uniform, or a different species of adversary altogether, was not clear. 


When Alzheimer showed his findings to Kraepelin the pair knew they were on to something. Clinically, Auguste’s illness seemed like a form of dementia, but the deeply bizarre and unique pattern of pathology suggested it was a distinct disease in its own right. Eager to share the discovery with the world, Alzheimer started preparing for the South-West German Psychiatrists’ meeting, which was only a few months away. 


Voices murmured and chairs creaked as the growing throng of intellectual heavyweights took their seats in the old university hall. If Alzheimer was anxious about the presentation, he didn’t let it show. This was a good thing considering his audience, which included the legendary Hans Curschmann, who discovered the inherited muscle-wasting disease known today as myotonic dystrophy; Robert Gaupp, who contributed groundbreaking work on psychosis through his study of the German mass murderer Ernst Wagner; and Carl Jung, the most loyal of Sigmund Freud’s apostles and soon to be famous successor to Freudian psychology. But none of these men were as great a cause for shattered nerves as the chairman himself: Alfred Hoche, a man of unsavoury eminence who believed the mentally ill should be murdered if they offered no benefit to society (his charming ideas later extended to include the ‘racially inferior’, giving the Nazis scientific justification for their atrocities). Still, Alzheimer was confident his findings would provoke interest, and with a deep breath, he began his talk titled: ‘On a Peculiar Disease of the Cerebral Cortex’.


From a clinical perspective my Auguste D. case already offered such a distinctive clinical picture that it could not be classified among any of the known illnesses …


… her memory was most severely disturbed. If one showed her objects, she generally named them correctly, but immediately afterward she forgot everything again …


… spread over the entire cortex, especially numerous in the upper layers, one finds millet seed-sized lesions, which are characterised by the deposit of a peculiar substance in the cerebral cortex … 


… Taken all in all we clearly have a distinct disease process before us.16 


The silence that followed was disappointing, but not surprising. Neuroscience was still in its infancy, and scientists were busy grappling with Freud’s concepts of psychoanalysis. In fact the rest of the meeting was largely devoted to Freudian psychology, which provoked intense discussion. And though the chairman usually comes to the rescue when a speaker is put through such an embarrassment, it’s no surprise the eugenically minded Hoche kept quiet. The minutes of the meeting described Alzheimer’s talk as ‘inappropriate for a brief report’ – hardly the reception it deserved.


The truth is that science has a bad reputation when it comes to accepting new ideas. As scientists, we like to think we are calm, objective, unbiased champions of the evidence. But if that evidence changes the paradigm, it often squanders the life’s work of many proud people. This is just as true today as it was back in 1906. 


Alzheimer died in 1915 of heart failure at the age of fifty-one. In the years following the Tübingen meeting he continued his investigations and identified four other cases similar to Auguste. In 1910 Kraepelin acknowledged Alzheimer’s efforts in his latest psychiatry textbook, Handbook of Psychiatry, where the term ‘Alzheimer’s disease’ was used for the very first time. 


The importance of Alzheimer’s work cannot be overstated. By linking the physical state of Auguste’s brain to the bewildering facts of her behaviour, Alzheimer challenged his peers to think differently. Instead of being rooted in psychology, he made it clear that dementia may reflect deeper riddles of biology. And whatever Alzheimer’s disease was, it was a riddle that cried out almost literally for a solution. 
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Understanding an Epidemic


The historian of science may be tempted to exclaim that when paradigms change, the world itself changes with them.


Thomas Kuhn, The Structure of Scientific Revolutions, 1962


IN THE DECADES that followed the eponymous Bavarian’s first public description of Alzheimer’s, scientists, pathologists and psychiatrists were at loggerheads over what he had actually discovered. Alzheimer had certainly found a unique pattern of brain pathology with those ‘peculiar’ plaques and tangles scattered among the debris of dead nerve cells. 


The trouble, however, was that these so-called ‘hallmarks’ of Alzheimer’s disease were also found in the brains of people with nothing mentally wrong with them whatsoever, provided they lived long enough. In fact, post-mortems revealed that a quarter of people over the age of sixty developed plaques and tangles, despite being mentally well when they died. But Auguste Deter was only fifty-six. Was her brain undergoing some kind of accelerated ageing? If so, Alzheimer’s life’s work was on shaky ground, for one could hardly call brain ageing a ‘disease’. 


And therein lay the problem. Unlike cancer, or infectious diseases such as tuberculosis and smallpox, dementia appeared to have no obvious aberration to target therapeutically, no malignant tumour or foreign pathogen to work on. It seemed as though brain cells simply withered away by their own volition. For many, this made the puzzle unsolvable. Just as the true causes of diseases were hidden by mythology and superstition during medicine’s infancy, Alzheimer’s disease was cloaked under the smokescreen of ageing.


Frustrated by this new wave of uncertainty, in the mid-1920s supporters of Alzheimer set out to confront the issue once and for all. If Alzheimer’s was really a disease, the first thing to do was pin down the symptoms. One of Alzheimer’s supporters was Ernst Grünthal, a Polish psychiatrist trained by Kraepelin and later forced to flee Germany because of his Jewish ancestry, who in 1926 described what he considered to be the most indispensible features of the disease. These included gradual memory loss, disturbance of perception, carelessness in work and appearance, disorientation as to place and time, loss of words and slurred speech, dulling of comprehension, extreme irritability, uncleanliness and disordered movements.1 


But with such a motley array of symptoms it’s no surprise that Grünthal’s work didn’t stand up well. Patients often had different shades of these symptoms, and the absence of some altogether. Mindful of this, other psychiatrists suggested that Alzheimer’s and dementia were one and the same, the only difference being that the former is more severe and strikes younger than the latter. Others thought there existed multiple subtypes of Alzheimer’s disease depending on the patient’s personality and environment. Vague and arbitrary age limits for the disease started to emerge. Fifty-five was seen as the upper limit for it to be Alzheimer’s, and anything above this was dementia. In the 1940s this was raised to sixty-five and then seventy; the boundaries were so blurred no one could agree how to categorise it. 


Freud’s followers seized on the paradox, using it to reassert the insignificance of biological root causes and instead stress the centrality of Freudianism. Dementia must be caused by ‘factors of a more personal nature’, said David Rothschild, an American psychiatrist trained in psychoanalysis, in 1941.2 


The resulting confusion severely knocked the confidence of the Alzheimer school of thought, and threatened to send dementia research back to the dark ages during a time when psychiatric hospitals in Europe and America saw a dramatic rise in the total number of patients admitted with the disease. ‘Our institutions promise to become in time vast infirmaries with relatively small departments for younger patients with curable disorders,’ warned Richard Hutchings in his 1939 address as president of the American Psychiatric Association.


With an impending public health crisis, it became imperative to refocus the world’s attention on the problem. The time had come to parachute in a new breed of scientist. 


What the hell would I want to do that for? Michael Kidd thought as he left the meeting. He had gone to discuss his latest research findings on the retina – its simple yet elegantly arranged layers of cells captivated him – and now his mentor wanted him to study brains using a complicated new tool called the electron microscope.


It was October 1961. Kidd, a physician completing neuroscience research at University College London, was stubbornly recalcitrant to career advice. Educated in Ashford, a small town in Kent, Kidd had joined the Royal Air Force as an operating room assistant before studying medicine and then taking a research job at the prestigious university. With his contract coming to an end, his only option now was to apply for the job at Maida Vale Hospital in north London, where they wanted to use the new technology to study a form of dementia called Alzheimer’s disease, whatever that was – he would have to look it up before the interview.3 


Robert Terry was not as reluctant. Ten years older than Kidd, he had already spent several years in Paris learning how to use the microscope while training to become a pathologist. He had served during the Second World War in the 82nd Airborne Division. His colleagues described him as a ‘tough’, ‘serious’, ‘no-nonsense’ figure.4 Now, at the Albert Einstein College of Medicine in the Bronx, New York, he was eager to test the microscope on something original. Which is exactly how he saw Alzheimer’s – as an untouched challenge, something that (as far as he was aware) no one else in the field was looking at. 


Standing ten feet tall and weighing half a tonne, the electron microscope looks more like the periscope of a naval submarine than a typical microscope. It’s so large it requires its own room in most laboratories. Before its invention in the 1930s, scientists depended on the light microscope, invented by the Dutch biologist Antonie van Leeuwenhoek (who used it to discover red blood cells). The light microscope gathers light from the visible spectrum using a system of lenses and can magnify objects up to 1,000 times. But the electron microscope, invented by the German physicists Ernst Ruska and Max Knoll, uses a beam of electrons and can magnify objects up to 2 million times – a 2,000-fold increase from what was previously possible. In 1937 the Hungarian physicist Ladislaus Marton began using it to take pictures of biological specimens, publishing the first EM images of bacteria. Shortly afterwards, others captured shots of fly wings, viruses and skin cells. 


For Alzheimer’s research it was revolutionary. If light microscopy made brain cells look like a collection of planets in the night sky, the electron microscope provided a satellite to map the continents, mountain ranges and sprawling cities on each celestial body. The technique was firmly established in European and American laboratories just in time for Kidd and Terry to examine the detailed landscape of a brain with Alzheimer’s. 


Working separately, they took samples of brain tissue from living Alzheimer’s patients and used the device to zoom in on the plaques and tangles.5 Neither knew what to expect. As they carefully focused the shower of electrons, a dark and ghostly silhouette began to creep into view. The once distant and abstruse Alzheimer plaque no longer looked like a scatter of small innocuous particles. Now it was an enormous mass of black interwoven threads, crisscrossing chaotically like a mesh of barbed wire. Whatever this was, it certainly looked capable of spreading destruction. Fragments of nerve cells lay strewn in its wake, while other cells appeared to have been pierced by shards of the dark threads themselves. 


Scanning the wreckage further, the microscopists soon landed on the odd tangles of material that appeared to choke the cells from the inside. And almost immediately it was clear these were a different kind of adversary. They twisted and coiled around themselves in a strikingly ordered manner, forming curious helices much like the DNA double helix discovered by James Watson and Francis Crick only one decade earlier.


‘If you want to understand function,’ Crick famously said, ‘study structure.’ In that vein Kidd and Terry began contemplating the atomic architecture of the plaques and tangles, comparing it with what was already known about how organic molecules behave. Unknowingly, they had just formed a crucial allegiance with the blossoming field of biochemistry. 


Both microscopists were in agreement that the components of the plaques closely resembled a substance called amyloid. Coined by Rudolf Virchow in 1854, amyloid derives from the Latin amylum, for ‘starch’, combined with the Greek suffix -oid, meaning ‘like’ – Virchow had mistakenly identified the substance as a type of sugar. By the time Kidd and Terry began investigating, it had been discovered that amyloids are in fact composed of proteins. 


Proteins are the chemical workhorses of life. Thousands of different kinds exist inside every cell in the body. Some are small and simple, performing routine tasks such as maintaining cell structure; others are large and complex, with multiple roles in tasks such as cell mobility, communication and protection from cancer. Built from a string of amino acids folded into an elaborate three-dimensional shape, proteins are the ‘actors’ of the cell while genes simply provide the ‘script’, or instructions, to create them. In other words, it is our genes that conceive of life but our proteins that construct it. But occasionally a protein will malfunction, go off radar, and settle as deposits in and around bodily organs. By the 1960s researchers started to notice an intriguing prevalence of these amyloid deposits in many disorders, including diabetes, kidney disease and certain heart conditions. Alzheimer’s, it seemed, now had to be added to the list. 


What the microscopists could not agree upon, however, was the structure of the tangles. Kidd, convinced by their striking resemblance to DNA, called them ‘paired helical filaments’. Terry, on the other hand, believed each tangle to be a tube-shaped twist of material, which he called a ‘twisted neurotubule’. I, for my part, often think they could be both after seeing them in the lab. It sounds trivial, but getting the answer right was critical – it was this kind of scrutiny that helped scientists understand how viruses behave. 


For the next thirteen years neither microscopist could figure out which interpretation was right. Then, in 1976, using a combination of the latest electron microscope and advancements in biochemistry, Terry discovered that Kidd was right: the tangles were indeed a strange double-helical filament similar in structure to DNA. 


Knowing the shape of the tangles was important because it made it clear they were fundamentally different from the plaques, which were spherical and contained stacks of amyloid piled on top of one another like rungs on a ladder. This laid the foundation for further questions about the relation of plaques and tangles. Which came first? Did one cause the other? And are they both necessary to cause the disease? 


All that had to be done now was to remove the veil of ageing. ‘Meeting the demand that senility be taken seriously involved reframing it as a scientific rather than a social problem,’ wrote science historian Jesse Ballenger. ‘Research had to be about more than the process of ageing; it had to be about something real and immediate – a dread disease.’6 In other words, it didn’t matter that Alzheimer’s was associated with ageing. It was a disease that had to be recognised and clearly defined. To do this, though, a correlation between Alzheimer’s and brain pathology had to check out: the scientists would have to prove that Alzheimer’s could be seen and measured in the brain. 


This was no easy feat. The biology of brain ageing remains among the deepest mysteries in neuroscience. Healthy brains shrink and lighten by roughly 10 per cent between the ages of fifty and eighty. Some brain cells die naturally as part of this process, but most simply shrink and function more slowly – which is why elderly people can experience mild forgetfulness and occasionally have trouble with words and everyday tasks. But it’s still not clear why plaques and tangles can also accumulate during normal ageing. The greatest conundrum for early researchers, therefore, was how to square the fact that some people developed plaques and tangles while remaining Alzheimer’s-free. 


In 1966 an English research group at Newcastle University, led by Hungarian-born Martin Roth, devised a study to do just that. Roth believed that the main reason early attempts to link the plaques and tangles to the physical manifestation of Alzheimer’s had failed was because we’d been approaching the problem in the wrong way. Performing post-mortems on brains first and then retrospectively trying to piece together a clinical picture of the patient while they were still alive was, he said, erroneous. It was also unscientific: the clinical picture of Alzheimer’s patients was based on hospital notes, written by people who, despite their best efforts, would inevitably paint different pictures of the same patient. A more objective method was needed, one that could accurately measure a suspected case of Alzheimer’s during life, follow the brain to post-mortem, and only then look for any biological correlations. 
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