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Introduction

Few real nightmares on earth compare to the terror wrought by Alzheimer’s disease. That this fatal brain disorder not only annihilates a person’s mind, but starts doing so years before it takes their life is surely its most insidious aspect. Its initial symptoms of forgetfulness and personality changes lie so close to normalcy that they typically go unnoticed; and, once noticed, too long unexplained. As the victim’s grasp further slides, it can bring nothing but tormenting confusion for the patient and those close to him. What can be worse than watching someone you love cognitively flailing, until eventually they no longer recognize faces, surroundings, or even themselves?

More razor-sharp than Alzheimer’s physical distress is this emotional pain felt by patient and helpless bystanders. “No one not saddled with it can understand it, not even my best friend,” says Julie Noonan-Lawson. Along with her four sisters and five brothers, Julie watched their mother Julia Tatro Noonan succumb to a rare form of Alzheimer’s that strikes in middle age and is passed down to 50 percent, on average, of offspring. Consequently, all ten of Julia’s children, who currently span the ages of thirty-six to fifty-eight, bear the burden of being genetically at risk.

Framed in their recollections of their mother is how much she loved to sing. Growing up, they would cram into the family station wagon on hot summer days, swimsuits in tow, and led by Julia’s strong lilt sing one song after another full throttle all the way to Manomet Beach on Massachusetts’ South Shore. When, in her early forties, Julia inexplicably began singing less and lapsing into depressed moods, her children followed her into a mire of anxiety, trouble, and hurt. Her lost song was their lost song.

The Noonans’ response to the disease has been to not take it sitting down. So admirably, they and hundreds of other at-risk families have made invaluable contributions to research, helping the thousands of us who make up the Alzheimer’s scientific community to extrapolate the disorder’s molecular roots. Without their aid, the following account of the inestimable progress we’ve made in a remarkably short time wouldn’ t exist for the telling. Faced with the prospect of the disease’s bull run  through generations of their large family, the Noonans made their DNA available to investigators at Massachusetts General Hospital in Boston. It’s primarily under that roof that I’ve been involved in researching Alzheimer’s causes since the early-1980s, currently as the director of the Genetics and Aging Unit. From this vantage point emerges the following story. Although words can’t fully describe the fears and losses an Alzheimer family is up against, some small sense of the Noonans’ ordeal appears between these chapters.

When a doctor recognized Julia’s illness in 1967, its brand of dementia was thought to be confined to middle age. It wasn’t long before the true boundaries of Alzheimer’s emerged. Researchers realized that its classic lesions—the microscopic amyloid, plaques and Neurofibrillary tangles that overrun brain tissue—also appeared in elderly people who suffered from senile dementia, and with alarming frequency. Since then, the disease has been perceived in two guises. The extremely rare type, which first manifests in people under sixty, is known as early-onset Alzheimer’s. This is what plagues the Noonans. When the very same plaque-and-tangle pathology descends on people sixty or older, it is referred to as late-onset. So common is this late variety that in this country it afflicts 20 percent of people age seventy-five to eighty-four, and reportedly over 40 percent of those eighty-five and over. No other neurodegenerative disease takes so many lives.

Although its extensive toll stood revealed, by the 1980s Alzheimer’s was still considered a backwater disease, one that didn’t attract much research attention. Those who studied it were coming round to believing that its early form was inherited, and therefore the result of a genetic error. Late-onset cases, on the other hand, were thought to be caused by environmental stressors, not mutations in genes.

Generally, Alzheimer’s grip on older people cooled the interest of researchers. The unfortunate sentiment was, why work on a disease whose victims were close to the end anyway? More to the point, the technology available for exploring the mysterious complex of the human brain was limited. Even today, despite two decades of tremendous strides in neuroscience, a central irony persists. The human brain has festooned Earth with amazing objects of its own making—high—speed computers, Boeing jets, buildings that touch the sky, powerful medicines—even elaborate scanners such as MRI (magnetic resonance imaging) and CAT (computerized axial tomography) that further our attempt to understand the brain as well as we do the heart and lung. Yet as Stephen Vincent, a neuroscientist at McLean Hospital outside Boston, so aptly puts it, “Our brain is having a devilish time figuring itself out. It remains totally ignorant of how it works as a unified organ to make us so uniquely human.” Even a slug’s brain, and how it enables a slug to be a slug, eludes scientists, notes Vincent. If the trappings of a healthy brain are hard to decipher, imagine the murky picture a diseased brain presents.

In the early 1980s, the genetic revolution’s fantastic inroads into the biological world’s two crucial elements—genes and proteins—began making possible a more introspective investigation of human diseases, including those that rob the brain.

Genes, composed of the molecule DNA (deoxyribonucleic acid), are the basis of all inherited traits in every living organism on Earth. Each gene is a linear chemical script, a special cryptogram made up of DNA’s four nucleotide bases—adenine (A), guanine (G), thymine (T), and cytosine (C). And each is part and parcel of a far longer DNA filament—a chromosome. So genes simply amount to codes of inherited information that are intermittently spaced out on chromosomes. A human has twenty-three pairs of chromosomes—one in each pair inherited from mom, one from dad—which present us with two copies of roughly 100,000 genes. This full complement is found inside the nucleus of most every cell. Although we each inherit two copies of every type gene, there are, in fact, several different versions of each gene floating around in the population’s overall gene pool, any of which may be inherited. Versions of the same gene can differ by just a few bases.

 






FIGURE I.1 Genes interspersed along a chromosome. Illustration: Robert D. Moir

[image: 002]

Since genes and proteins are so central to the story that follows, pretend, as I often do, that they’re characters in a play. Like kings, genes more or less stay seated on their thrones inside the nuclei of cells. But most every gene imparts its crucial code for the making of a protein, proteins being the slaves of the biological world. Once encoded by genes, proteins take care of nearly every function necessary to an organism’s survival. In humans, this work ranges from building tissues for organs, to making enzymes that exert chemical changes for food digestion and other necessities, to practically everything else that keeps the body’s trillions of cells happy and ticking.

Most important, genes provide the instructions for proteins. The structure of a gene and its corresponding protein therefore are interrelated. If a gene happens to contain a serious flaw, or mutation, in its lineup, the making of its protein can be aborted. Sometimes, however, a defective protein survives, and its faulty amino-acid structure mars its normal activity. Depending on how much it deviates, this can lead to a specific disease.

In 1980, by a stroke of considerable luck and timing, I happened to join a team that went on to demonstrate a novel technique for finding disease genes and their proteins. Back then, very few human genes had been identified. They lay in the blackness of a cell’s nucleus, absolutely tiny and inscrutable. For a twenty-one-year-old who was enthralled with genes to begin with, to land on the doorstep of this undertaking (headed by James Gusella at Mass General) was beyond any dream I had for a career. The experiment involved trying to locate the gene defect that underlies Huntington’s disease, a neurodegenerative disease, which like Alzheimer’s probably has damaged humanity since Cicero’s day. The extraordinary outcome not only put the Huntington’s gene and its defect within reach, but gave researchers a trick that sent them chasing the gene faults that underlie thousands of other diseases.

Fortuitously, right on the heels of the Huntington’s victory, an important breakthrough in Alzheimer’s coincided with a path of inquiry the Huntington’s project had funneled me onto. So I found myself in what seemed an ideal position. All energy and impulse, I was certain that if I applied the same trick I’d learned from the Huntington’s project, I’d locate the mutant gene responsible for the rare, early-onset form of Alzheimer’s—a first step that might lead to a treatment for both early and late forms of the disease.

Little did I or others embarking on the same investigation realize the morass we were heading into. The total detective work into Alzheimer’s since then, which has been carried out by a swelling universe of scientists from different disciplines and continents, has been anything but straightforward. Yet in less than two decades we’ve gone from knowing little about what causes Alzheimer’s dementia—which is the outward manifestation of severe brain-cell degeneration—to knowing what goes wrong on several fronts. Exactly how it happens still eludes us nevertheless.

The thread for this book is the evolution, clue by clue, of one particular hypothesis that has gained widespread support. It poses such a believable explanation that not only have hundreds of us sold our souls to it, but nearly every large pharmaceutical company and countless biotech companies are in the process of crafting a new generation of drugs based on its general principle. As the year 2000 begins, the first of these treatments, having shown promise in mice, are just beginning the ultimate challenge—testing in humans. Even those of us who have contributed to the backbone of this hypothesis are apt to blink in amazement. Not long ago the idea of curbing cognitive loss seemed as futile as trying to stop a spring tide from going out. To now be at the point of testing drugs woven from this credible theory seems nothing short of a miracle.

Anchored in molecular genetics, the hypothesis in the spotlight has to do with amyloid plaques, the microscopic deposits of protein that abnormally inundate the brain tissue of Alzheimer victims. The premise behind the amyloid hypothesis is that these deposits—or their subunit fibril—are directly to blame for the brutal wasting of neurons. This theory represents the dominant viewpoint, but keep in mind it’s only a theory. You might think because it’s backed by such heavy betting there would be general agreement over it, but this is far from the case. Numerous experts from inside and outside the field still view any drug prototypes arising from it as a misinformed long shot.

While the amyloid hypothesis may be the most popular explanation for Alzheimer’s, plenty of other theories and resulting drug designs still undergoing research and development have come into existence. Although Decoding Darkness examines these potential therapies in less depth, it endeavors to show that this rich range of prospects represents the true prize. There have been times when our field has been criticized  for crowing prematurely about how close we are to effective drugs. Yet today, derailing this scourge of an illness is no longer a dream but a distinct possibility.

Finally, the Alzheimer research field has gained a certain notoriety for being a fiery, truculent, and driven lot—moments of which we’ve allowed in here. What isn’t talked about and written about is the considerable camaraderie that through the years has grown up among so many of us. While we may not always see eye to eye, we are stuck together like Velcro against a much bigger foe. Hats off to all those many colleagues, and may we soon know the answer.







The proud father relayed the news over a candlestick-style telephone to family and friends in Agawam, Massachusetts, and beyond. “It’s twins! God Bless! Lil has given birth to identical twin girls!” Before long, tiny Julia and Agnes Tatro were taking their first tottering steps and trailing each other into mischief. They were the spitting image of each other, from their wispy flaxen locks to their knobby knees—except for the deep dimple that Julia wore on her left cheek and Agnes wore on her right. It was the 1920s, the days of new-spinning Victrolas and sporty Model Ts; of old-fangled doctors whose black bags contained, first and foremost, a stethoscope and vials of morphine. Medicine’s reach was skin-deep; the source of most ills too complex to grasp. People knew about genes—in the case of identical twins, their identical set—but they were as distant as magma at the earth’s core, and no one knew what they were made of or the good or bad extent of an individual’s inherited array. And so, even as Julia and Agnes Tatro blossomed into pretty, spunky girls who reached out to life, no one suspected what lurked beneath the surface. And it gave no sign of itself. It inched along its harmful course in too quiet a way, just as, in all likelihood, it had been doing even before their mother knew she was pregnant.
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Cleave, Zap, Blot, Probe

It came like a lightning flash, like knowledge from the gods.

—Edward O. Wilson, “Naturalist,” on Watson-Crick 1953 discovery of DNA’s structure

 



 



 



 



At twenty-one and fresh out of college, I entrusted myself to the Taoist philosophy that the less you interfere in Nature’s course, the more likely you will find your true path in life. This wisdom flowed from a slip of a book I’d discovered in high school—the Tao Te Ching. In retrospect, it would seem that giving myself up to “the way of things” succeeded, because that fall, out of the blue, an opportunity of a lifetime presented itself, one that introduced me to a spectacular new scientific method and later prompted my investigation into the genetic wrongs of Alzheimer’s disease.

It was a cloudy September Saturday in 1980, and after the quiet of summer, Boston seemed energized by autumn’s return. Beacon Hill’s narrow streets were clogged with cars, its crooked-brick walks filled with residents and students who seemed all business. On the Charles River even the sailboats crossing the watery line between Boston and Cambridge flew forward at a clip. A few blocks east on Blossom Street, which curves behind Massachusetts General Hospital, members of the rock band Fantasy and I moved more like laden barges. Sleep-deprived and hungover from the previous night’s fling, we nonetheless managed with an elevator’s aid to move the band’s musical equipment into the Flying Machine, the nightspot atop the Holiday Inn that attracted everyone from visiting Portuguese sailors to the occasional Brahmin.

Four months earlier, in May of 1980, the University of Rochester had sent me into the world with what I hoped would be sufficient padding— bachelor’s degrees in both history and microbiology. The one, Time Past, had filled me with an indelible impression of the patterns and trends that span recorded centuries. The other, Emergings of Time Future, had left me startled by the phoenix soaring out of the present—the molecular-genetics revolution. Biology’s horizon was filled with elaborate possibilities far beyond the imaginings of such tour-de-force microbe hunters as Louis Pasteur, Robert Koch, and Paul Ehrlich.

In the course of my history studies I’d devoured Thomas Kuhn’s The Structure of Scientific Revolutions and taken away his valuable model. One set of beliefs ascends over time, then falls under the weight of a crisis, which inevitably ushers in yet another belief system that rises and similarly collapses, and so on, until there’s a sense, as from a wave rolling forward, that you can extrapolate the nature of the next crisis and the new visions it will unfold. Now a scientist, I’m even more aware that the models we put our faith in are mostly wrong. Someday they will be as outmoded as the idea, imagined by Franz Mesmer in the eighteenth century, of how to relieve people of disease: Stand them across from healthy folk in a tub of water, have both groups grasp a long metal chain, and let the positive forces of animal magnetism flow from the healthy into the infirm, miraculously curing them. For scientific revolutions to take flight, current theories have to be questioned, the status quo disrupted. Since my years at Rochester, I’ve always wanted to induce the next crisis, inspire the next paradigm shift. This is the challenge of science—to shed dogma and get closer to the truth.

But scientific revolutions were the furthest thing from my mind that Saturday atop the Holiday Inn. I was in the throes of a postcollege existentialist crisis. Why did I exist? What was life? Living life as a bushy-haired, scruffy musician and playing keyboard once again with my musician friends from high school days seemed the best way to regain some perspective. When I was ten, my Uncle John had let me fold and unfold the huge red accordion he played in old-age centers around our hometown of Cranston, Rhode Island, and from then on I’d been glued to the keys of pianos, electric organs, and synthesizers. Blues, jazz, rock, punk, improv, some classical. One form fed another. I’d come to realize that when I played music on a daily basis—even on an informal basis, as I had throughout college—life was always better. When I didn’t, disaster struck.

With college behind me, I filled in on keyboard for various friends’ bands. Night after night, sometimes for seven nights in a row, we sang and gyrated in smoky bars and plush, mirrored clubs strewn between Boston’s Kenmore Square and Providence’s East Side. After the dreaded repacking of equipment, near dawn I commuted back to my mother’s house in Cranston for a precious few hours’ sleep. All in all, I wasn’t seeing too much daylight. Although I sometimes fantasized about it, a career in music was unlikely. Ever since I accidentally was knocked unconscious on stage by the solid-body Stratocaster hurled by Ritchie Blackmore of Deep Purple fame, I had had second thoughts.

Fantasy’s show at the Holiday Inn that night was serving as warm-up for Jan and Dean and their oldie-but-goodie surfing songs. The scent of fall in the air must have awoken a desire for more permanency in my life, because once we had things set up, on a whim I walked around the corner to check out the job postings in Mass General’s Bulfinch building. One particular notice caught my eye: “Assistant needed for study addressing the genetics of neurological disease. Experience in genetic linkage and restriction enzyme digestion required. Contact James Gusella.”
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As a boy I’d viewed Massachusetts General Hospital (MGH) as a Mount Olympus peopled with white- and green-coated demigods who always had some urgent place to go. My parents ran a medical transcription service, and they often took me and my twin sister Anne with them when they picked up and dropped off medical reports at the hospital.

One otherworldly space I’d visited at Mass General was its historic Ether Dome amphitheater, found at the top of numerous creaking staircases. It was here, after the first public demonstration in 1846 of anesthesia’s godsend for surgery, that Dr. John Collins Warren had declared, “Gentlemen, this is no humbug!” Somewhere deep down in the hospital, I’d heard, lay the morgue, once frequently referred to as “Allen Street,” the former name of the street outside its door. As Lewis Thomas observed in a poem by that name, no one ever dies at Mass General; instead, “He simply sighs, rolls up his eyes, and goes to Allen Street.” To this day a related euphemism is still occasionally uttered at the hospital, where “to Allen Street” someone is to pronounce them quite dead.

From an early age, and no doubt influenced by my family’s business, I imagined I’d become a doctor. A heart doctor. How ever did the heart beat over and over without being plugged into a wall socket? But after I began college, the doctor idea swiftly vanished, my attention caught by the nascent field of molecular genetics that was stirring all around me. You could tell something big was afoot. It had been sown over a century earlier by the Augustinian monk Gregor Mendel, who, after years of patiently crossbreeding varieties of pea plants in his monastery garden in Moravia, proposed in 1865 that pairs of infinitesimally small entities hidden in his plants accounted for how one generation passed on its traits—wrinkly or smooth skin, green or yellow hue—with discernable probability to pea offspring.

Genetic linkage. Restriction enzymes. Thanks to a vanguard of molecular scientists at Rochester, I knew my way around these molecular tools. They were among the chief implements enabling scientists to reach into DNA, the molecule that genes are made of, although thus far relatively few genes had been isolated from organisms. Genetic linkage—a beautiful scientific truth deduced in the laboratory of Thomas Hunt Morgan at Columbia University in the early twentieth century—was the cornerstone of Mendelian genetics. If any two segments of DNA continue to be inherited together through successive generations, it implies that they lie physically close together in the genome. This observation was helping scientists to map the positions of genes on chromosomes, the DNA threads along which genes lay like occasional inches on a yardstick—mostly the genes of small organisms. At Rochester, I had applied endless rounds of linkage analysis to track the inheritance of certain genes in bacteria. Countless generations were needed. This entailed feeding thousands of the little critters, making them happy and getting them to mate, plating and replating their multiplying colonies, each generation separated by some twenty minutes.

Restriction enzymes, another indispensable tool, instead applied to the newer wave of genetics—genetic engineering. They amount to tiny catalyzing chemicals that act like scissors, cleaving DNA. Those used by scientists mostly come from bacteria. Should a virus invade a bacterium, the bacterium’s restriction enzymes cut the virus’s DNA at specific sites, thus “restricting” its ability to replicate and take over. Beneficial bacteria in our intestine, for example, rally these enzymes to disable threatening pathogens. When scientists first isolated them from bacteria in the  1970s, the driving idea was that by using restriction enzymes to cut and splice DNA, bacteria could be employed for yet another purpose: Scientists could insert human genes into bacteria, and as bacteria rapidly replicated, they would create scads more copies of human genes, and thus significant quantities of therapeutic human proteins such as insulin for diabetes and growth hormone for growth disorders. But as scientists got more versed in snipping long strands of DNA into smaller pieces, it also seemed a fine idea to simply study genes belonging to the human genome.

At Rochester, drawn to genetic engineering, I’d learned how to use restriction enzymes to cut—or digest—DNA; how to glue pieces of DNA together with other types of enzymes; and how to measure varying lengths of DNA. Altogether, I’d gained infinite respect for the cold logic of genetics. Its measurements had the ability to replace guesswork in science with a good degree of predictability.
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The Monday following the Holiday Inn gig, I dropped by Mass General’s personnel office to inquire about the opening in James Gusella’s lab. Directed to the Genetics Unit, I found myself face to face with Gusella himself. Tall and bear-framed, he didn’t appear too much older than my own twenty-one years, but his short brown hair, black thick-framed glasses, new jeans, plaid cotton shirt, and Serious Scientist demeanor were so far removed from my frizzy black shoulder-length mop, ragged mustache, disintegrating jeans, and Grateful Dead T-shirts—the last two items replaced that day by a suit—that I immediately decided we probably wouldn’t click and I wouldn’t get hired.

Gusella was from Ottawa, I learned, and had gotten his Ph.D. in biology from the Massachusetts Institute of Technology (MIT) the previous June. With open enthusiasm, he described the experiment he was directing, which, if the funding fully materialized, would require several technicians. Grand in design, it consisted of an ingenious shortcut to finding and identifying genes—or more precisely defects in genes—connected to human disease. Since the technique for locating bacterial genes I’d learned at Rochester couldn’t be applied to humans—thousands of humans can’t be easily mated in petri dishes and new generations don’t come along every twenty minutes—a shortcut method for plunging  directly after a human gene made exquisite sense to me. Clearly, the project’s future ramifications for human genetics and medicine were immense, particularly since researchers were only just realizing how many human disorders arose from faulty genes.

Traditionally, the medical community attempted to understand a disease’s origins through its symptoms and through its degradation of tissue and organs. But in truth, both are as distant from an inherited disease’s origination point in the genome as a splattered raindrop is from a black cloud. A more recent, more exacting approach, but one with limitations, was to isolate a protein associated with a specific disease and work backwards from its structure to identify the gene that gave rise to it. Disease-related proteins were identified by inspecting the fluid or tissue affected by the pathology and noting those proteins that are abnormal in their amount and/or nature. If a protein’s corresponding gene indeed contained a flaw, it just might be the disease’s initiator. The mutated gene for sickle-cell anemia, for instance, had been arrived at this way, by backtracking from its hemoglobin-associated protein.

Geneticists were held back, however, because proteins related to the vast majority of genetic diseases hadn’t yet been identified, so their genes were impossible to isolate. Moreover, a disease can skew the regulation of all sorts of proteins as secondary effects. As Jim Gusella today notes, “One particular protein difference doesn’t promise to get you to the gene that’s primarily responsible for the first, all-important change that goes wrong.” As for microscopes, even though their power was rapidly improving, they were still too weak to home in on genes. Microscopes did, however, help spot blatant problems related to chromosomes, such as when an extra copy of all or parts of chromosome 21 results in Down syndrome.

“It’s an incredibly powerful, revolutionary concept,” exclaimed Gusella during my job interview—“to find a disease gene without any prior information about either its protein or its location in the human genome.” But the concept hadn’t yet been put to the test, and that was the crux of the project—to attempt to identify the genetic defect behind one particularly cruel inherited disease: Huntington’s chorea, today known as Huntington’s disease. Did I know much about Huntington’s? I admitted I didn’t, although I was aware that one of my early heroes, folk musician Woody Guthrie, had died of it.

Huntington’s, untreatable and fatal, undermined brain cells associated with motor control, causing a gradually worsening movement disorder, Gusella explained. An involuntary restlessness and jerking took over an individual’s arms, legs, head, and torso. Thus the flailing “chorea,” or dance, described in 1872 by physician George Huntington. From onset to death, the illness often wore on for ten or more years, a victim remaining all too aware of his or her condition. Unlike Alzheimer’s disease, dementia in Huntington’s didn’t arrive to cut the mind loose until the end stages. The only good thing about Huntington’s, Gusella pointed out, was that it was fairly rare, despite the fact that if a person carried its always-causative autosomal-dominant mutation, each of his or her offspring had a 50 percent chance of inheriting it and also falling prey. Since the disorder usually didn’t make itself known until between the ages of thirty and fifty, a person had already had children and had passed on the flaw unknowingly.

The attempt to unearth Huntington’s deficient gene, I learned from Gusella, was in large part because of the early groundwork achieved by Woody Guthrie’s widow, Marjorie. Founding the Committee to Combat Huntington’s Disease in 1967, she had worked tirelessly to draw attention to the disease, help those in its path, and gain federal assistance. Among those aiding her efforts was the family of Leonore Wexler, an exceptionally gifted woman whose crippling encounter with Huntington’s had spurred her family into action. Well before Leonore’s death in 1978, her ex-husband Milton Wexler had established the Hereditary Disease Foundation with the goal of supporting the scientific community’s invention of a useful treatment, even a highly experimental method, for halting Huntington’s.

In 1979, MIT molecular biologist David Housman, known for his brilliant strokes in cancer research, had articulated a method for shooting straight into DNA after a disease gene. The theoretical approach, Gusella told me, had been brewing in various laboratories since the mid-1970s. It involved finding markers in the genome that could divulge on which chromosome a disease-inciting gene sat. Across the human species, the human genome is largely similar. But variations, it was being noticed, sometimes crop up in its 3 billion bases. A DNA variation might be as small as a one-base deletion, addition, or substitution; or as long as a stretch of thousands of extra repeating bases. Variations might sit right in a gene. (This is why each human gene comes in so many different versions, or variants, since a single variation makes for a different version.) Or they also could occur in “junk” DNA, the vast stretches along chromosomes that don’t code for proteins. (See figure 1.1.)

Some DNA variations were thought to be harmless. They didn’t provoke disease. Others, however, did—certain mutations and polymorphisms. The incredibly bold new notion, Gusella explained, was to use a benign variation to track the harmful type. You couldn’t easily single out a disease mutation; so little of the human genome had been read that wrong sequences didn’t stand out from right ones.

But you could, perhaps, single out random DNA variations by comparing genomes from the population. And if, through genetic analysis, you found a random variation that nearly always turned up in generations of family members who have the disease, yet was mostly absent in other family members who had escaped the disease, you could infer that the found variation sat right near the disease mutation in the genome’s fixed span of bases.

The linkage work I’d been a slave to at Rochester came flooding back to me: If any two segments of DNA—say, two genes, or, as in the model Gusella. was describing, a DNA variation and a gene mutation—continue to be inherited together through successive generations, it implies that they lie physically close together in the genome. They sat so close together—on the very same strand of DNA—that the two rarely got separated at meiosis, the point at which sperm or egg cells divide and a person’s two copies of chromosomes exchange and recombine genetic material, this recombination passed down to offspring.

Housman’s suggestion of a gene hunt, which he shared with the Wexlers as well as Joseph Martin, Mass General’s then chief of Neurology Service, sparked a bonfire of like-mindedness. Martin was tremendously keen on the proposal, as was Nancy Wexler, one of Leonore’s daughters and soon-to-be director of the Hereditary Disease Foundation. The project became reality once Mass General applied for and received funds from the National Institutes of Health that were available due to a congressional incentive to support advancements against Huntington’s. Housman recommended to Martin that his standout student—Jim Gusella—serve as the venture’s principal investigator.

Nancy Wexler, meanwhile, was aware of a large family in Venezuela with a history of Huntington’s. She volunteered to lead a medical team to South America to gather blood samples from its members. Extensive DNA culled from blood cells of Huntington family members—both those affected and those not affected—would be the project’s most crucial raw material, and the Venezuelan clan, which were manyfold the largest Huntington’s kindred ever identified, was an ideal source. In a poor Catholic country, where a woman might bear ten or even twenty children, el mal (the sickness) had all too easily engulfed a multitude.

  






FIGURE 1.1 Three examples of variations that can occur in DNA. Illustration: Robert D. Moir
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Gusella ended our interview by giving me fair warning. Simply linking Huntington’s to its home chromosome, never mind isolating its gene, could take years. There were even those who doubted the whole concept would fly. So far only one anonymous DNA variation had been pulled from the human genome, and since no one was sure how plentiful they were, it might be unrealistic to expect to find a variation that got coinherited with the disease time and again. “But I have faith,” Gusella declared matter-of-factly. “People’s DNA varies. There has to be a polymorphism located somewhere in the vicinity of Huntington’s gene.”
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Despite my long hair and the counterculture vibes it gave off, I landed the position.

As I discovered my first day on the job—October 1, 1980—Gusella’s two-roomed base of operations on the third floor of Mass General’s Research Building was exceedingly bare-bones and dusty. At our disposal were three short lab benches, a hood for venting chemical fumes, and two glass-enclosed sterile chambers for growing cells. That was about it. The project’s funding was so slim, we could ill afford the pricey biotech merchandise used in other labs. Handed the task of physically setting up the lab, I had to resort to resourcefulness. Instead of the expensive trays normally used for Southern blots—a procedure that would enable us to both recognize variations and discern whether one traveled with Huntington’s defect—we initially made do with the bottoms of old hamster cages. For making photographic images of DNA that would ensure our tests were on target, I brought in a vintage 1966 Polaroid camera from home. Today, my unit relies on a $20,000 computerized  system to document DNA gels. But back then a $25 Polaroid and wrinkled red acetate swiped from my band’s light-show equipment did the job.

Gusella brought aboard two more assistants. Mary Anne Anderson, the first to arrive, had training in tissue culture, the art of feeding, growing, and nurturing human cells. Her proclivity in this regard was an absolute necessity, since our tracking of Huntington’s mutation would require the establishment of hundreds of cell lines—each a sample of a person’s blood cells that can be grown indefinitely. This is done by introducing a cancer virus, usually Epstein-Barr. Immortalized cells would ensure unlimited supplies of DNA from the two Huntington families our experiment would draw from—the large Venezuelan clan as well as a much smaller family from Iowa, whose blood samples had been collected by P. Michael Conneally, a geneticist at Indiana University School of Medicine.

Next to arrive was Paul Watkins, a giraffe-tall student of David Housman at MIT His ongoing master’s thesis—Grafting techniques to identify variations in DNA specifically on chromosome 21—also made him a perfect addition to the team. While he and I worked away at jerry-rigging various nuts and bolts, Gusella wrestled with the project’s technical design. If we were to make progress along the genome’s interminable highway, our DNA tests had to be run on a much larger scale than was the norm in those days. Gusella and Housman—“two higher life forms,” as Watkins remembers them—regularly got together to hammer out the intricacies.

As Gusella had pointed out, the most remarkable thing about the Huntington’s search was that we were sailing into DNA’s sea of 3 billion bases without a clue about the Huntington gene’s location or even a compass. The gist of the whole experiment was that we’d analyze random pieces of DNA from the general population for variations, and, as long as we found them, we’d track the inheritance of each of these markers in the Huntington families’ DNA. But quite possibly all the doubting Thomases might be right. Even if we dug up variations, we might never find one particular one that sat physically close to Huntington’s mutation, hence could lead us there.

Working up to speed and counseled every step of the way by Gusella, Paul Watkins and I began hunting down variations. We were employing  the innovative technique that had convinced Housman and Gusella that variations were findable. This brand new trick of the trade relied heavily on the scissory action of restriction enzymes, for it was where these minuscule motes of chemicals chose to cut DNA that would reveal variations. Each type of restriction enzyme recognizes and cleaves DNA at specific sites, which results in DNA fragments of a predictable length. But if a variation exists in a person’s DNA, longer- or shorter-length DNA fragments may result, and these irregular fragments can signal a variation.

The multistep procedure of setting restriction enzymes loose over DNA, then recognizing the handiwork they’ve left behind, constitutes what’s called a Southern blot—a 1975 invention of Edwin M. Southern. Blotting entails cutting up, say, six random people’s DNA with various restriction enzymes, inserting the resulting fragments into a gel, then zapping the gel with an electrical charge, which separates DNA pieces according to length. Once the fragments are transferred onto solid filters, you’re left with a semipermanent framing of a spectrum of differing-length fragments. You then randomly choose a piece of DNA from a genome library—an anonymous person’s genome that’s been cut up into thousands of pieces. You turn this little piece into a probe by making it radioactive, then run it over the six people’s cut-up DNA, allowing the probe—which could come from virtually anywhere in the genome—to hybridize, or bond, with its like pieces. By doing this, in essence you are tagging the same short sequence of genome from all six people. When you put these tagged pieces on film (an autoradiograph), each one appears as a black band—your visual cue. If the lengths of the bands differ in any of the six people, you just may have found a variation that occurs in the general population.

More rounds of Southern blots, this time applied to Huntington family DNA, would ultimately provide a reading of each person’s two alleles, or gene copies and tell us whether a specific variation in an allele occurs more frequently in the DNA of those who have the disease and whether it is passed down from affected parents to affected children.

Many of our early attempts at Southern blots failed, blowing days of work and wasting valuable reagents, especially DNA. Flimsy filters collapsed. Or valuable pellets of DNA slipped off the end of pipettes, lost to the floor. Anderson would have to grow up the DNA all over again.  These early failures were immensely frustrating, since presumably hundreds of variations would have to be identified before we locked onto one that just happened to sit next to Huntington’s faulty gene. The immediate plan was to dredge up several, if possible, and test them against the DNAs of the lowan Huntington family. About to arrive in the lab was the first sizable shipment of the bloods of the Venezuelans, which Nancy Wexler and teammates were collecting, and we’d next run any landed variations against that kinship’s DNAs.

Gusella, despite a full load of administrative and technical responsibilities, often pitched in at the bench, offering sound advice. My apprehension over working for someone so seemingly different from myself quickly vanished. He had an uncanny ability for grasping complex ideas and for recognizing a compelling hypothesis in abstract data. Just as impressive was his nimble versatility at conceptualizing on most any subject, from genomics to politics to baseball. A hunger for logic had originally attracted him to science, and it was this penchant for the rational and the reasonable that, right from the start, carried us cleanly over many a technical obstacle. His entire philosophy of life, he’ll tell you today, is based on Walter Brooks’s “Freddy the Pig” children’s books, filled as they are with fanciful, logical practicalities. One of his favorite Freddy-isms hails from the time another farm animal comes to visit Freddy and inquires why Freddy’s windows are so dirty. Freddy’s response—sounding very much like the Gusella I’ve come to know—is that if his windows were clean he’d know who was walking up to his house, and it would ruin the wonderful surprise of a knock at the door.

Although he was a fish in water in the lab, Gusella could be shy and even uncomfortable in social gatherings. If he was in Heidelberg for a genetics meeting, rather than join the evening cocktail circuit, for instance, he preferred to get in a car and drive around, stopping for pizza or aiming for the McDonald’s in Heidelberg’s famous pink building, but avoiding fancy restaurants at all cost.

[image: 007]

By early spring 1981, Watkins and I were beside ourselves. Among the first five probes we’d used from an anonymous human genome, four— G3, G6, G8, and G9—had yielded one-base variations in the DNA of the general population. In fact, G8, which was many thousand bases long, had yielded three variations! Since we had caught sight of so many variations this soon, Gusella must be right—the genome must be loaded with them, making it all the more believable that eventually we’d stumble onto one that coinherited with Huntington’s flaw.

Doing science by day while making music at night left time for little else. Often I would leave the lab at dusk, hook up with The Nunz—a punkabilly rock band I’d joined that played a blend of new wave and bluegrass—return home in the wee hours to catch three winks, just make the 7:20 A.M. Providence-to-Boston bus the next morning, and crawl into the lab before the first pot of coffee had receded to a burned puddle. I often regaled my labmates with horror stories from the night before—most memorably, the night that the band’s music-timed gunpowder bombs nearly incinerated a roomful of dancers. Whenever free moments allowed, I took refuge in composing music. My songwriting partners Colin Wheeler and Charlie Lavalle added the lyrics, and we’d send off our creations to local radio stations like Providence’s WBRU and Boston’s WBCN.

By early 1982, Mary Anne Anderson, frequently helped out by Gusella, was extracting enough DNA from the cell lines of the lowans and Venezuelans to allow us to start testing our found DNA variation markers against the DNAs of these two kinships. Although we felt more assured that we would bump into an informative variation for Huntington’s, so far we’d captured only six variations, so “someday” still might be years off. As long as our funding didn’t run out, this wasn’t of any great concern. No other teams were in pursuit of the gene at that point. And for each of us it was a magical time in many ways. Beneath the drone of benchwork lay a constant anticipation and the knowledge that if we really did succeed in hooking Huntington’s mutant gene, our example would catapult medical research into a new era.

“It became assembly-line science—setting up the day’s experiments, pipetting up ten solutions, labeling hundreds of test tubes, and subcloning DNA,” recalls Kathleen Ottina, a biochemist who joined the team at the start of ’82. “But it was incredibly exciting and I loved the hands-on aspect, something that today’s automated lab has lost. There was a romanticism attached to doing it that way. It was like Marie  Curie boiling down pitchblende in her backyard laboratory to purify radium.”

Due to another expedition by Nancy Wexler’s group to South America, hundreds more of the Venezuelans’ blood samples began crowding the lab in the spring of 1982. The lab started to resemble an ocean-liner that pushes its engines to max knots upon reaching open sea. New technicians were hired to help transform cell lines, cut up DNA, and process the endless Southern blots that were helping us to gradually reveal variations in normal DNA and check them for linkage in disease-ridden DNA. The processing of Southern blots was my bailiwick. Because of my late nights stomping on some stage, I was often on the verge of double vision by midafternoon, and to stay alert I’d fantasize that I was a contestant in a molecular-biology Olympics. To beat out the invisible competition, I had to do one blot after another as quickly yet as perfectly as possible.

I began wondering if my lack of sleep wasn’t making me sloppy at the bench, because toward the end of 1982, something very curious was happening. Two of the variations we’d found in the little G8 piece of genome showed a hint of linkage to the disease in the Iowans! This was the outcome we had pinned our hopes to, yet it seemed unbelievable since the odds this early in the game practically defied plucking out a variation that showed linkage. As Gusella recently had promoted me to senior technician, I felt doubly accountable for any blunders. Gusella, meanwhile, alternated between curiosity over the results and suspicion that one of us had indeed botched an experiment.

While eyebrow-raising, the G8 probe’s linkage to Huntington’s wasn’t spectacular. Its lod score, a statistical indicator of whether linkage between two points on DNA is significant, was being computed by Peggy Wallace, a grad student in Mike Conneally’s Indiana University lab. Quite literally, it’s a log (logarithm) of the odds. A lod score of 3.0 and over was deemed very significant, yet G8 in the lowans had reached only 1.8.

Gels, blots, hybridizations, autoradiograms—round after round continued as we pressed on to analyze other variations we had alighted on. We realized that we still might have thousands of rounds left to go—cleave, zap, blot, probe—before we turned up a definitive marker. Cell lines were accumulating in the freezers; the counters were perpetually covered with gels, blotting trays, and dozens of mixtures, not to mention  the countless little white stalagmites that grew up when the salty solutions used for Southern blots spilled and dried. Today, you can special order just about every procedure and reagent—even DNA from families with a specific disease—but back then most everything had to be painstakingly hand-prepared.

Not that we were without diversions. Inseparable by this point, the team nearly always lunched together, letting off steam in Mass General’s dingy basement cafeteria, or the Mass Eye and Ear where the food was better, or our favorite deli—the Metro on Cambridge Street. Often after lunch, Gusella and I—Paul Watkins by then having finished his master’s and taken a biotech job in the suburbs—walked over to the Boston Garden’s video arcade and played Pacman, Zaxxon, or table hockey for as long as time allowed. Back at the bench, midafternoon trivia jousts helped relieve repetitive-motion syndrome.

When data from a small subset of Venezuelans were added, G8’s score rose to 2.2, providing nearly 300 to 1 odds that we had locked onto the Huntington’s gene. Eyebrows arched even higher. Were we kidding ourselves? One of our first used probes, which had been blindly pulled from the genome’s 3 billion bases, had yielded a variation marker that was delivering? Gusella remained cautious, downplaying our linkage data at a Huntington’s session at the World Federation of Neurology meeting in Chicago in April of 1983. Nothing but a lod score of over 3.0 would convince him.

To reach statistically firmer ground, we had but one option: to test G8 against more Venezuelans. Cleave, zap, blot, probe. But various delays began slowing us down. We ran into endless Southern blot snafus; and all too frequently radioactive contamination left over from the hybridization process obscured our autorads’ discrete black bands that denote an individual’s two alleles of a gene. Gusella and I would be in the darkroom, on the verge of developing key evidence, only to hold the film up to the safe light and see—instead of bands—“cat vomit,” large black clouds that obscured the image.

Gusella and I decided to grow up fresh DNA from roughly 150 of the Venezuelans’ cell lines and do all the cutting, blotting, and probing ourselves. The two of us could exert controls over the procedures that were getting lost in the group effort. In mid-July, over the course of several days, we plowed straight through all the necessary steps. On a Wednesday we got together to process the autorads, trying to be patient and not pull them out of the developer solution too soon. As we held them up to the safe light, the moment of truth arrived. Hurray, no cat vomit! The bands were clearly decipherable. Later that day, while I read off their data, Gusella, poker-faced and murmuring an occasional “okay, okay,” pencilled in the genotypes—who had the G8 variation, who didn’t—onto the Venezuelans’ family tree. As if not to jinx us, he didn’t share his observations, but immediately FedExed the data to Peggy Wallace in Indiana for computer analysis.

At home that night, in the north Providence apartment I shared with my fiancée Janet, I sat cross-legged on the living room rug watching Love Boat with the volume lowered while listening intently as WBRU counted down the local top ten singles. “New Plan,” a song I’d composed with Colin Wheeler, had climbed to number five on the list, lifting me cloud-high. Spread out before me was the Venezuelans’ family tree, and as I studied it I could see for myself that every Venezuelan with the disease had inherited the G8 variation from their affected parents; those without the disease had not. Whoa! A science-to-music grand sweep? Could it really be?

It would take several days for Conneally’s lab to assess the data’s lod score. But Gusella, having already scanned the autorads by eye, recalls, “I didn’t have to wait for the computer calculations to know we had linkage.” He, his wife, and toddler son headed north to Ottawa for a brief visit with relatives. “The drive was incredible,” he recalls. “As we passed through the mountains of New Hampshire, I had a hard time staying on the road. You could just see that the finding was going to cause human genetics to explode.” Definitive word arrived from Conneally: the additional data from the 150 Venezuelans had raised the lod score to over 6.0! That placed the odds of having linkage at 1 million to 1.

The G8 probe, it was soon determined, came from the short arm of chromosome 4. Bang! The Huntington gene must also reside on chromosome 4. It might take many more months, even years, to know which of the hundred or so genes that lay in the same region were defective in Huntington patients and identify the exact DNA error. Yet the chromosome’s capture alone was fantastically historic. For the first time, the approximate location of a human disease gene had been found with  absolutely no prior clues about its genomic address. Our approach had proved to be sound. The biology of human disease had been cracked wide open, rendering the human genome an examinable part of the anatomy and potentially laying bare the genetic roots of thousands of other inherited troubles.

 






FIGURE 1.2 The site of marker G8’s linkage to the Huntington’s gene. Illustration: Robert D. Moir
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The British journal Nature carried Gusella’s and Joe Martin’s formal report of the breakthrough in its November 17, 1983, issue. Around the world headlines paraded the sensational news. All but overnight, Gusella went from being an unknown Ottawan to a world-famous geneticist touted far and wide as “Lucky Jim”—although to this day Gusella maintains that if latching onto G8 so early in the project was luck, it was “well-reasoned luck, because we prepared for it.”
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