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Praise for The Brain Under Siege

“If you’re dealing with the diagnosis—either for yourself or a loved one—of a neurologic condition, you’re likely feeling lost and overwhelmed. Look no further than this book, which not only breaks down what’s happening in the brain like a crime scene, but inspires hope for future treatments. It’s hard to get more complex than the human brain. In The Brain Under Siege, Howard L. Weiner has created a remarkable guide to neurologic diseases that we all can understand.”

—Ann Romney

“Howard Weiner has an amazing ability to synthesize complex medical and scientific concepts into something accessible and understandable. He has been on the front lines of brain disease research for over 40 years. In The Brain Under Siege he tells the story of five of the most devastating neurological diseases. He likens each disease to a crime scene and explains how the crime will ultimately be solved. Not only is this book highly informative, it’s also genuinely fun to read.”

—Stephen L. Hauser, MD, Robert A. Fishman Distinguished
Professor of Neurology at the University of California, San Francisco,
and director of the UCSF Weill Institute for Neurosciences

“Howard Weiner’s latest book, The Brain Under Siege, breaks down the complexities of brain health and disease in an accessible and enjoyable way. He opens up the world of drug development and how scientific discovery moves from the laboratory to clinical trials and ultimately to FDA approval.”

—Al Sandrock, MD, PhD, head of research and development at Biogen

“A fascinating read, The Brain Under Siege is educational, memorable, and perhaps most important, optimistic. Chances are you know someone affected by one of the common illnesses of the brain. The Brain Under Siege explains the science behind these diseases and the possible pathways to a cure. Dr. Howard L. Weiner has done an inspiring job of putting it all together. This is a valuable resource for both the medical community and the lay public.”

—Merit Cudkowicz, MD, Julieanne Dorn Professor of Neurology
at Harvard Medical School, chief of neurology and director at
Healey ALS Center, Massachusetts General Hospital

“The stakes are high when the brain is in trouble. Howard L. Weiner chronicles the heroic efforts that have led to astounding progress in our ability to understand and treat the most essential and most fragile part of our humanity. For each brain disease explored, the analogy of a crime scene draws the reader into the detective work that goes on as researchers painstakingly track down suspected causes. The Brain Under Siege reveals the drama behind the science as doctors grapple with the most complicated structure in the universe.”

—Daniel Z. Lieberman, MD, coauthor of The Molecule of More

“When it comes to complex medical issues, patients and their families are usually overwhelmed. The situation is complex even for scientists in the field. In Howard Weiner’s ambitious new book, The Brain Under Siege, this talented neurologist tackles brain disease and unravels its complexity—no easy feat for such a heavy subject. Likening the diseased brain to a crime scene, he takes the reader on the challenging journeys to find the elusive cures for these brain diseases. The book is a must read for anyone who wants to learn more about the scientific process and the urgent quest to treat—and then prevent—chronic brain diseases.”

—Dennis J. Selkoe, MD, Vincent and Stella Coates Professor of Neurology
at Harvard Medical School and codirector of the Ann Romney Center
for Neurologic Diseases at Brigham and Women’s Hospital
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CHAPTER ONE

The Brain Under Siege

In 1997, I was in the middle of a lab meeting when I received an urgent call from Dr. Gordon Williams, head of endocrinology at the Brigham and Women’s Hospital. Gordon and I had worked together on a number of scientific projects over the years. Gordon’s call was about a woman, a friend of his, who had just been diagnosed with multiple sclerosis. She was in distress, and he asked whether I could see her immediately. I agreed and soon found myself sitting across from a handsome couple, who were holding hands as the woman told me her story. She was forty-eight years old, and her symptoms began with numbness, fatigue, and lack of coordination. She felt that she was losing her ability to live her life, losing the ability to be the person, the mother, the wife that she had always been. When she was diagnosed, she was told there was little that could be done and to come back when her symptoms got worse. So she came to see me for a second opinion.

Whenever I see a patient who comes in with a diagnosis of MS, my first task is to make sure that the diagnosis is indeed correct. More than once, I have immediately “cured” MS when I discovered there had been an incorrect diagnosis. In this case, however, the diagnosis was unequivocal: the exam, the history, and an MRI showed abnormalities in the brain and spinal cord that all fit with MS. I was surprised that no treatment had been suggested and told the patient that there were in fact things we could do, and not to give up hope. I knew that more than anything, she needed hope.

I explained to her and her husband that we needed to treat her immediately, took her by the hand, and led her to the Infusion Center, where we began to give her large doses of corticosteroids to dampen the inflammation in her brain. She was seated next to people in wheelchairs, some getting chemotherapy, but much of the fear and uncertainty that she had shown when I began my exam had dissipated, because something was being done. I never reveal the identity of a patient, except in this case the patient has already told her story publicly. The patient was Ann Romney, and she has become a crucial advocate in the search for treatments and cures for debilitating neurological diseases. She and her husband, Mitt, have led the charge in raising philanthropic funds for the Ann Romney Center for Neurologic Diseases at Brigham and Women’s Hospital, where Dennis Selkoe and I have devoted our lives to cross-pollinating research across MS and Alzheimer’s. With the formation of the Ann Romney Center, we raised our efforts to a higher level and added amyotrophic lateral sclerosis (ALS), Parkinson’s disease, and brain tumors to our research goals.

In this book, I hope to tell you the story of that research and the amazing strides we are making in searching for cures for these neurological diseases—but also how far we have to go. Above all, I will tell you what Dennis and I told Ann Romney: “There is hope, now more than ever.”

ABOUT THE BRAIN

How should we think about the brain? It is not an easy question. It’s much easier to think about the heart or the kidneys. The heart is a pump that circulates blood throughout the body. The kidneys are filters that cleanse the blood. The brain is more complex and is what separates us from all other life on earth. To ask, How does one think about the brain? creates the conundrum of the brain thinking about itself. Sidestepping the philosophical question of the brain contemplating itself, the healthy brain has a vast number of functions.

First, the brain serves as a center that controls movement. If I want to move my hand, a nerve center in one particular area of the brain, called Broca’s motor area, fires. The impulse travels in nerve bundles that cross from one side of the brain to the other, enter the spinal cord, then go out of the spinal cord to the nerves of the hand and to the muscles that manipulate my hand. Because the fibers cross from one side of the brain to the other, the right side of the brain controls the left side of the body. Accordingly, a stroke on the right side of the brain causes paralysis on the left side of the body. The brain not only controls movement but also helps manage breathing, blood pressure, heartbeat, and digestion.

Second, in addition to sending out impulses, the brain receives impulses. All sensory input from the environment congregates in the brain: vision, hearing, smell, touch, and taste. Each has its own special pathway, and the sensory fibers also cross before they get to the thinking part of the brain. If I touch something hot, fibers transmit the pain to the brain, which then triggers motor fibers, which in turn move my hand away from the hot object. Sometimes no connection within the brain is needed to generate movement. If I tap my knee with my reflex hammer, a connection is made in my spinal cord and my leg jerks, an involuntary movement. I am not in control.

Third, the brain not only functions to control movement and receive sensory input but it is also the seat of consciousness. We know consciousness exists, we feel it, but we still don’t understand it.

Finally, the brain is a computer, albeit an imperfect one. The brain’s wondrous complexity, however, has a flip side: it is one of the most difficult organs to study when it is affected by disease.

This book will focus on five brain diseases that have long frustrated researchers and curtailed lives: multiple sclerosis (MS), Alzheimer’s disease, Parkinson’s disease, amyotrophic lateral sclerosis (ALS) also known as Lou Gehrig’s disease, and glioblastoma brain tumors. In this book, I will tell the stories of that research, and the amazing strides the scientific community is making in developing therapies for some of these chronic neurological diseases—but also how far we have to go with others.

The brain is the last great frontier of medical science. For decades, we have made extraordinary strides in extending and improving human life. In treating cardiovascular disorders, for example, we are a world away from where we were in the 1950s, when statins were not yet invented and heart surgery was a blunt, brutal affair. Now, medical science has made cardiac surgery incredibly precise and almost routine. The mortality rate for open-heart surgery was 50 percent half a century ago. It’s now less than 2 percent. It’s amazing to think how far we have come. But for so long, the mysteries of brain disease have eluded us.

Today, researchers around the world are finally making some of the most important strides we’ve seen in our understanding of the brain—and not a moment too soon, as the World Health Organization (WHO) reports that up to a billion people around the world suffer from some sort of neurological condition. Millions suffer from some of the most debilitating forms of those diseases: MS, ALS, Alzheimer’s, and Parkinson’s. These are the diseases that, as many of my patients have told me, rob people of their very essence.

The brain is made up of some two hundred billion cells, a staggering number, and there are four major types of cells in the brain. Perhaps the most familiar to nonscientists are the nerve fibers, or neurons. Neurons have long, specialized extensions that transmit electrical impulses and carry signals from one part of the brain to another, from the brain to all other parts of our body, and from other parts of the body back to the brain. These neurons can be thought of as electrical wires, and they are covered by an insulation called the myelin sheath—this is the structure that erodes in multiple sclerosis.

The second type of cell in the brain is called the oligodendrocyte. It wraps around the neuron in multiple concentric circles and creates the myelin sheath, which is the insulation surrounding the neuron that accelerates nerve conduction. Electricity that moves across the neuron does not travel in a straight line on the nerve itself; it jumps from one place on the nerve to another where there is a break in the insulation of the myelin sheath that was created by the oligodendrocyte. These breaks are called the nodes of Ranvier. Here’s a way to think about how these breaks in the myelin sheath work: Imagine traveling from New York to California. One way is to drive cross-country on the interstate highways. If you only stop to sleep along the way, you can make it in four days. Of course, it’s quicker to fly. If you take a plane that touches down briefly on its journey, first in Chicago, then in Denver, and ultimately arriving in California, it will only take hours (assuming, of course, there is no snow in Chicago or Denver). That’s how electricity travels along the nerve fibers in our brain. The insulation created by the myelin sheath allows the nerve impulses to jump from one break in the insulation to another.

THE NORMAL BRAIN
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The four major cells in the brain are neurons, microglial cells, astrocytes, and oligodendrocytes that wrap around neurons to form the myelin sheath.

MS is called a demyelinating disease because the insulation on the nerve is attacked by the immune system. Because of damage to the myelin sheath, the neurons are slowed in their ability to conduct nerve impulses, therefore becoming unable to travel from one node to another.

The nervous system is divided into the central nervous system, which consists of the brain and spinal cord, and the peripheral nervous system, which is made up of the nerves that run back and forth from the spinal cord to the muscles and other organs. Myelin surrounds most nerve fibers in both the central and peripheral nervous systems. The equivalent of the oligodendrocyte in the peripheral nervous system is called the Schwann cell. Interestingly, the peripheral nervous system is much better at being able to remyelinate or rebuild damaged myelin, which poses a major challenge in treating MS: how to rebuild damaged myelin in the central nervous system. We do not yet have that answer, but in chapter two, I will explore some of the exciting approaches and experimental therapies that are currently being investigated.

Back to the basics of brain cells. In addition to the neuron and the oligodendrocyte, the third major cell type in the brain is called a microglial cell. Microglial cells comprise the brain’s own internal immune system. They are the brain’s sentinels that respond to infection, trauma, or any insult that occurs in the brain. The microglial cell is also a gardener in the brain and prunes the nerve fibers to keep them in good shape. They can remove toxic substances that accumulate throughout the brain. Microglial cells are normally in a resting state until triggered by either external or internal changes. They then become activated and change their shape as they attempt to remedy whatever has provoked them into action, whether it is an infection or damage caused by trauma to the brain. As we get older, microglial cells do not function as well, contributing to the accumulation of toxic proteins from diseased nerve cells in the brain. Indeed, microglial cells themselves can become toxic and cause damage, and they do so in diseases such as ALS, Alzheimer’s disease, and Parkinson’s disease. It may be that their loss of function when we get older contributes to the accumulation of the toxic protein beta-amyloid seen in the brains of people with Alzheimer’s disease.

The fourth major cell in the brain is called an astrocyte, which supports brain structure and helps form the blood-brain barrier. The blood-brain barrier is a network of blood vessels that creates a boundary that prevents certain substances from entering the brain, including some drugs. Francisco Quintana in our center has shown that astrocytes communicate with microglial cells and neurons. He also found that there are subtypes of astrocytes that can protect or harm brain function depending on the genes they express. Astrocytes can also grow out of control; when they do, they become malignant and form brain tumors.

Although there are others, the work these four major cells of the brain do is astounding. The one hundred billion neurons in the brain are each believed to be connected—on average—to some ten thousand other cells, which create almost one thousand trillion connections in the brain: more than the stars in the Milky Way. Like the incredibly complex supercomputer that it is likened to, rapid communication in the brain is essential to its function. Neurons communicate with other neurons by releasing chemicals, or neurotransmitters, at the nerve terminal. Once released, a neurotransmitter moves to another neuron and delivers its message. The communication and connection are similar to a runner handing a baton to another runner in a race. Neurotransmitters can be excitatory and stimulate the nerve, while other neurotransmitters are inhibitory and inhibit or restrict the function of nerves.

Acetylcholine is an excitatory neurotransmitter that is needed to form and retrieve memories. In Alzheimer’s disease, patients suffer from a shortage of acetylcholine in certain parts of the brain that are important for memory. One of the drugs for Alzheimer’s disease that has been approved by the Federal Drug Administration (FDA) is Aricept, which prevents the breakdown of acetylcholine in the brain and effectively raises levels of the neurotransmitter. Unfortunately, Aricept only reduces symptoms and does not change the underlying biologic mechanisms that make Alzheimer’s a progressive and debilitating disease. We will explore why it has been so difficult to find a treatment for Alzheimer’s disease.

Two other neurotransmitters in the brain are GABA and dopamine. GABA is an inhibitory neurotransmitter that serves as a brake on the nervous system so it doesn’t get out of control. Drugs that increase GABA levels in the brain are used to treat epilepsy. Dopamine is both an inhibitory and excitatory neurotransmitter that is involved in the control of movement and mood. The loss of dopamine contributes to the slowness of movement and muscle rigidity of Parkinson’s disease. Drugs that replace the missing dopamine such as L-DOPA help Parkinson’s symptoms but don’t impact disease progression. Dopamine is complex in its function: Too much dopamine can cause psychosis, and stimulation of dopamine release is associated with drug addiction.

The brain functions both to control movement and receive sensory input. It is the seat of consciousness, of our awareness of ourselves, and the world around us. The human brain is the most complex biologic system that has arisen on this planet. It is this complexity that makes it arguably the most difficult organ to study—both when it is functioning properly and when it is affected by disease.

Because diseases of the brain are so common, you may be reading this book because of personal experience with one of the major neurological diseases. You may have a relative with MS or a parent or grandparent struggling with Alzheimer’s disease. You could be wondering why there have been so many failures in the quest to find treatments for these diseases. You may not be aware of how the diseases interrelate, and how the mechanisms and treatments for one brain disease may impact other neurological diseases of the brain. For decades, researchers and physicians studying the diseases discussed in this book have been relatively siloed—MS research has progressed down one path, and ALS and Alzheimer’s disease down their own. But the areas of inquiry that may have seemed peripheral or irrelevant to one particular disease could have huge implications for another. If you are reading this book because you have a relative with one of these diseases, learning about the others as well will provide you with a broader picture of diseases of the brain.

Brain diseases may be classified based on what has gone wrong; what has caused the malfunction. I liken these neurological malfunctions to a crime scene and the search for a range of suspects that could have caused the damage. One of the culprits that is easiest to understand is infection, in which a virus, bacteria, or other microorganism infects the brain. There are many examples: viral encephalitis, HIV/AIDS, and polio. Indeed, in searching for a treatment for a patient with a brain disease, one immediate question is whether there is an infection in the brain. Infections can be treated, and some can be prevented by vaccination.

Another major culprit is indirectly linked to infection and is caused by the immune system. The immune system is the body’s defense mechanism. It fights off infection and interacts with infectious agents in our environment. Unfortunately, the immune system can also go astray. For example, in MS, which is now known to be an autoimmune disease, the immune system attacks certain elements of a person’s brain and causes damage to the myelin sheath. Interestingly, the immune system can also be harnessed to treat brain diseases, including all the other brain diseases we will discuss—Alzheimer’s disease, ALS, Parkinson’s disease, and brain tumors.

Genetics may also be a culprit and plays an important role in many brain diseases. If you carry the gene for Huntington’s disease, for example, you have an almost 100 percent chance of developing a debilitating dementia. The only way one can get Huntington’s is by inheriting this one faulty gene; it cannot be acquired in any other way. There are also genetic forms of Alzheimer’s and ALS, wherein several different genes have been identified as culprits.

A very important factor in several progressive, degenerative brain diseases is the accumulation in the brain, as we age, of altered proteins that become toxic and cause brain damage. Two compelling examples are seen in Alzheimer’s disease and Parkinson’s disease. In Alzheimer’s disease, the beta-amyloid protein found outside neurons and the tau protein inside neurons are altered, damaging the neurons and very slowly destroying memory. In Parkinson’s disease, a protein called alpha-synuclein accumulates and leads to problems with movement and other symptoms of the disease.

The environment can play a crucial role in brain disease. Interestingly, smoking makes MS worse but decreases the risk for Parkinson’s disease. The biggest environmental factor that is only now coming into focus relates to the gut and the trillions of bacteria that reside there, known as the microbiome. As part of the gut-brain axis, these trillions of bacteria have the surprising ability to influence the brain and play a role in each of the five diseases of the brain discussed here.

There are many perpetrators that can lay siege to the brain: an infection, immune cells gone astray that attack the brain, the accumulation of toxic proteins, aberrant genes, and the bacteria in our gut. Understanding the cause of a neurological disorder requires complex detective work that calls for putting together many different clues to understand the crime scene and to devise a treatment that can truly impact the disease.

The brain requires an astounding 25 percent of the body’s total blood flow, is dependent on sensory input, and needs sleep. It has tremendous capacity for self-defense, but when faced with some diseases, it may not be able to react properly. The human brain most probably reaches its peak between age twenty and thirty, after which we begin to lose synapses and whole neurons and the brain itself starts to atrophy or shrink. Beginning around age thirty, when we start losing synapses and neurons, our short-term and long-term memories can begin to slip subtly, a process that continues as we age. Can exercise, doing crossword puzzles, or eating the right foods halt or reverse this condition? Probably, but the definitive answer is: we simply don’t know. Preventative medicine is a crucial area of research both for the healthy brain and for those who have diseases of the brain. We know that the ultimate cure will likely be prevention.

If one considers embarking on a mission to stop the perpetrators, and to treat a neurological disease, the pathway is easily understood conceptually, although it may be difficult operationally.


1.First, we must understand the workings of a healthy brain.

2.Second, we must identify the exact processes that have gone astray.

3.Third, we must find ways to interrupt or reverse those processes.



Although conceptually straightforward, the reality is that the diagnosis and treatment of neurological conditions is highly complex. Although beyond the scope of this book, part of the healthy brain relates to our very consciousness—and how we define the soul. This remains one of the biggest mysteries in biology. How does the brain create our individual consciousness, our desire for life, our ability to love, our feelings of satisfaction, disappointment, depression, or elation? Certainly, these are questions that physicians have debated for decades and philosophers have explored for centuries.

Because our consciousness and these crucial emotions are what make us human, patients suffering from neurological diseases that affect cognition inevitably are robbed of their very being. A person with a brain tumor may have a change of behavior and personality that resolves when the tumor is removed and returns when the tumor reappears. The soul is even more difficult to define than consciousness. Is the brain the seat of the soul, or does the soul exist independent of the brain? What happens to the soul of a person with Alzheimer’s who can no longer recognize his or her family or process sensory information from the environment? These are deeply emotional questions that patients and families struggle with every single day.

When I meet with my colleagues, one of my favorite questions to pose is what I call the “scientific genie” question. It goes like this: If there is one question about MS or Alzheimer’s or ALS about which you don’t know the answer and there was a genie who could give you the answer, what would you ask? The most common response is: What is the origin of the disease—what is the primary perpetrator? Although our ability to treat neurological diseases is rapidly advancing, this question is central to our understanding of where we go from here.

MAKING REAL PROGRESS

I have spent over forty years caring for people with MS, investigating the disease and struggling to develop new treatments. For all of us who have become older, we find ourselves asking, “Where has the time gone?” For MS, time has not gone to waste. We have made strides with MS that we have yet to make with other neurological diseases. Indeed, the understanding and treatment of MS has been a major success story. We understand the disease better than ever. We know that MS begins as a relapsing disease and then transitions to a more disabling progressive form. We now have over fifteen FDA-approved drugs for relapsing forms of the disease and some drugs now approved for the treatment of progressive forms, although treatment of progressive MS remains a major challenge.

In 1972, when I was a young doctor studying neurology at the Peter Bent Brigham Hospital in Boston (now the Brigham and Women’s Hospital), there were no treatments for MS. If I diagnosed a young man or woman with MS in 1972 and was asked, “What’s the treatment, Doctor?” the only response was cortisone shots—hardly a treatment at all, given the disease’s symptoms and progression. Today, when I sit with an MS patient with the relapsing form of MS and am asked that question, it takes me over thirty minutes to explain the many treatment options we have available. We have certainly come a long way, although we certainly have farther to go.

Earlier, I pointed out that we are just beginning to make the amount of progress with neurological conditions that we have made over past decades with other conditions—like the heart, for example. But there are distinctions even among neurological diseases. When I compare MS to other neurological diseases, I am struck by how little headway we have made against diseases such as Alzheimer’s disease and ALS. It is hard to imagine that I have no more truly effective treatments to offer when I see a patient with one of these disorders today than I had forty years ago. Why did we make such advances in MS and not in these other diseases? Can we apply the principles that have led to success in MS to these other diseases? One key is that we succeeded in identifying specific disease mechanisms in MS. Looking back, our success in understanding the disease stemmed both from advances in our understanding of the immune system and in developing an animal model of MS that could be used to devise and test potential treatments. Another major reason for the advances in MS relates to MRI imaging. The MRI has allowed us to see the disease in the brain and to objectively monitor its progression and response to treatment—a huge development. Imagine treating heart disease without an electrocardiogram or tuberculosis without a chest X-ray—it would be very difficult indeed.

Fifteen years ago, I wrote a book entitled Curing MS. I chose that title because, frankly, that’s what every disease is about: finding a cure. I was going to name that book Taming the Monster, the title of one of the chapters, and indeed MS is a monster we are trying to master. But I elected to use the word cure in the title and put it in the active tense. If I were to write a book about MS now, I would call it MS: A Cure Within Reach, because so much progress has been made in the past fifteen years.

In my book Curing MS, I tell the story of my childhood friend Normie, who developed MS in his twenties and became significantly disabled. We called each other by our childhood nicknames, Big Skinny and Little Fats, and many who have read Curing MS ask how Little Fats is doing. I visited him regularly on my trips to Denver, where my sister, son, and grandchildren live. He was in a rest home and at the age of seventy-three was dependent on a motorized wheelchair. He developed the progressive form of MS, a type of MS for which we have few effective treatments. Sadly, he passed away at the age of seventy-four.

The progressive form of MS, like Alzheimer’s and ALS, is an escalating disease with few treatments. Although treatment came too late for him, Normie never lost his spirit, sense of humor, and love of life. When I last saw him, he said to me, “It’s getting tougher, Big Skinny, you’ve got to do something about this crazy disease.” The urgency I heard in his voice was not only for himself but also for his daughter, who has also contracted MS and has the treatable, relapsing form of the disease. I am helping to manage her case so she doesn’t develop the progressive form, like her father.

I believe we are on the precipice of major advances in brain diseases, and there is a fascinating story to be told about that journey. Fighting against neurological diseases is the story of advances in basic science and technology and how they are applied to these diseases. It is the story of the scientists and doctors who both collaborate and compete. It involves big business and the billions of dollars that are to be made from new treatments. Most importantly, it is the story of those who suffer from neurological diseases and the suffering they must endure until a cure is found.

In this book, it is my intent to provide a window into how medical research is carried out in the twenty-first century. Scientists no longer can work alone, although an unexpected discovery by a single scientist can have a major impact. Our Center for Neurologic Diseases, over three hundred people strong, is now named in honor of Ann Romney, who, for over a decade, has been in my care in her fight against MS.

Disease is nonpartisan. Joining the Ann Romney Center board are members of the Clinton and Kennedy families. In my discussions with Ann and Mitt, I learned that messaging is important in political campaigns and that staying on message is crucial. Could this concept be applied to science and the goals of the Ann Romney Center? The answer is yes. We need to know where we are heading, and we need to do something bold, something transformational. To reflect our initiatives, I came up with three slogans to serve as principles for our research: Drilling for Oil, Breaking Down Silos, and Shots on Goal. Drilling for Oil refers to performing risky experiments, taking chances, and not being afraid to drill a dry well. We need to raise money to drill for oil. Breaking Down Silos refers to promoting cross-fertilization among disciplines and scientists. And Shots on Goal refers to the reason we do our research, to find new treatments. A shot on goal is a clinical trial of a new therapy. If you don’t try to treat, you will never help, and you will never score.

In this book, we will journey to the laboratories where research is being carried out, both at the Ann Romney Center at the Brigham and Women’s Hospital and labs throughout the world, where we will join the front lines in the search to understand and cure five of the most challenging diseases of the brain: MS, Alzheimer’s disease, ALS, Parkinson’s disease, and brain tumors. We will try to answer the frustrating question so many patients ask: What is needed to identify the perpetrators and stop the siege on their brains? Why is there no cure for these diseases?




CHAPTER TWO

Multiple Sclerosis

In the month after he entered medical school, Bob Engle noticed tingling in both feet after jogging. He didn’t pay much attention, as it lasted for only a week and then disappeared. Later that year, he felt an overwhelming sense of fatigue, but he attributed it to his heavy workload and final exams. The feeling of fatigue also passed. Then, in his second year of medical school, he noticed that sometimes when he bent his neck down, he had the same tingling in his legs that he had after jogging. This, too, passed, and again, he didn’t pay much attention to it. But in his third year of medical school, something happened that he couldn’t ignore. He lost sight in his right eye. While watching a procedure in the operating room, he noticed a disturbance in vision, which he initially attributed to the bright lights in the room. But his vision became worse over the next forty-eight hours, and when he covered his left eye, he could only see a blur with his right eye. He immediately called his father, a cardiologist who worked in our hospital. They met at the ophthalmologist’s office the next morning. The ophthalmologist found that the vision in Bob’s right eye was 20/400, and when he examined the eye, he found that the optic nerve in Bob’s right eye was swollen. He diagnosed optic neuritis, inflammation of the optic nerve. Knowing that optic neuritis was frequently associated with MS, he immediately ordered an MRI scan of Bob’s head. The MRI of the brain was done three hours later and showed white spots consistent with multiple sclerosis. One hour later, I received a call from his father. Could I see his son? “When?,” I asked. “How about this afternoon?” his father asked anxiously.

Given my workload, it is difficult for me to take on new patients, and even then, there can be a long waiting time for an appointment. In this case, I kept the clinic open until 5:30 pm and saw Bob Engle and his father that same afternoon. After taking Bob’s history, performing a neurological exam, and reviewing the MRI, the diagnosis was clear.

“Your son has multiple sclerosis,” I said to the father.

“Are you sure?” he asked.

“I’m sure.”

“Are there treatments?” Bob asked me.

“Yes,” I said, “and I think your prognosis is excellent.”

“What about a cure?” the father asked. “Is there a cure for MS?”

Although this is a simple and very direct question, when one examines it in detail, it is more complicated than it appears. It is a question that begets another question, and I respond to the cure question posed by almost all of my patients with another question: “What do you mean by a cure?”

Listening to their responses, it has become clear that there are three definitions of a cure. In the first, a person who develops MS is placed on treatment and lives a full and normal life with no disability. In the second, a person with MS who has developed a disability is treated and the disability is reversed. In the third, a vaccine is given and, like polio, no one develops MS—MS is prevented. I first described these three types of cures in my book Curing MS. The National Multiple Sclerosis Society has adopted a version of them and now classifies the research they support as being in three categories: STOP disease progression, RESTORE what’s been lost, and END MS forever. These three cures also apply to the other neurological diseases presented in this book, and we will explore the pathways to achieve these goals. Of the five, only MS is now positioned to achieve one of the cures (stop attacks of disease and prevent disability), although the path is clear for all the diseases to reach this benchmark.

I recently saw a man in our MS Center whom I have been following for fifteen years. Like me, he has two sons. When his MS was first diagnosed, I immediately treated him with a recently approved MS injectable medication. Later, he was switched to a newly developed oral medication, which he takes daily. The last time I saw him, he said, “You know, Dr. Weiner, I feel great, I don’t even feel like I have MS.” After I performed a quick neurological exam and checked that the MRI done the week before was stable, we spent the remainder of the clinic visit talking about our sons.

Unfortunately, not all cases are like his. There are patients who have attacks despite treatment and others who enter the progressive phase of MS for which we do not have effective treatment. Thus, there is the joy I feel when I can treat someone and I give them an A+ at the end of their visit, and the pain I feel when, no matter what I do, I am unable to help. All patients love getting an A+ no matter their age or station in life.

CURING DISEASE

To cure a disease, one must know the cause. This knowledge is how we cured polio. The path to a cure for polio began when it was recognized as a distinct clinical entity by Jakob Heine in 1840, and then when polio was identified as an infectious disease that could be transmitted from one person to another. The next step toward a cure was to identify the infectious agent. The poliovirus was identified in 1908 by Karl Landsteiner. However, once the virus was identified, a major hurdle remained. To make a vaccine, it was necessary to find a method to grow the virus in the laboratory. It was a thorny problem that was ultimately solved by John Enders and Thomas Weller, who were later awarded the Nobel Prize for their discovery. Although Jonas Salk’s name is linked in the public eye to the polio vaccine and the cure of polio, he did not share in the Nobel Prize.

After initial studies, a national trial was begun in April 1954 in which 440,000 children between the ages of six and nine received the vaccine and 210,000 children served as controls and received a placebo injection. The dramatic results were announced a year later on April 12, 1955. Few of the children who were given the vaccine developed polio, while the unvaccinated children did. If we’d had the wrong virus and vaccinated with smallpox, for example, it wouldn’t have worked. We needed to know the cause in order to cure polio. Jonas Salk’s interest in paralytic diseases led him to another experiment in which he tried to develop a vaccine for MS. He based his MS vaccine on the theory that MS was caused by an abnormal immune response against a brain protein called myelin basic protein, or MBP. Salk vaccinated MS patients with MBP isolated from pigs, hoping that by doing so, he could cure MS or at least slow it down. Unlike his polio experiment, his MS experiment failed. He did not have the right cause.

What, then, causes MS? When I teach MS to medical students, I use a didactic approach in which I begin with the following question: What information would you need to understand the cause of MS? The first step of course is to recognize the clinical symptoms of the disease. The symptoms of MS were formally described in 1878 at the Salpêtrière in Paris by Jean-Martin Charcot. He codified what has come to be known as Charcot’s triad:


1.Nystagmus, or jerky eye movements that can lead to double vision;

2.Intention tremor, or tremor that appears when one reaches for something; and

3.Dysarthria, or slurring of speech due to damage to fibers in the brain stem.



If you had the clinical symptoms of Charcot’s triad, imagine trying to explain to a policeman that you are not drunk but have MS. Luckily, you can take a breathalyzer test.

Although these are classic features of MS, in the forty years that I have been treating patients with MS, the MS symptoms that immediately come to mind are similar to those that Bob Engle experienced—numbness or tingling in an extremity or across the chest or belly and blindness or loss of vision in an eye. I think this is because MS may be changing, and with MRI imaging, we are able to recognize it earlier and earlier. The other classic feature of MS is that in early stages of the disease patients usually recover from their attacks, even without treatment. There can also be silent MS. There are instances of MS discovered at autopsy in someone who had no symptoms during their lives. What makes MS difficult for both patients and their physicians is that MS is a protean disease that can affect people in many different ways.

THE CRIME SCENE

When I ask medical students what is needed to understand the cause of MS after recognizing the clinical symptoms, I use the analogy of a murder. What does the crime scene look like? In MS, the crime scene can be found in the brain and spinal cord. The heart, the kidneys, the liver, and the lungs are all normal. But when you look at the brain and spinal cord, something is clearly wrong. The brain consists of white and grey matter, and when you hold a normal brain in your hand, the grey and white matter are clearly demarcated and easy to see. But when you look at the white matter of the brain of an MS patient, with the naked eye, one can see blotches, areas that are no longer glistening white but have turned grey. Furthermore, instead of feeling soft to the touch, the tissue is hard, sclerotic. There are multiple areas of scar tissue scattered throughout the brain. These multiple scars give the name multiple sclerosis. There are also scars in the spinal cord, as the spinal cord is directly connected to the brain and serves as a conduit for electrical impulses traveling to and from the brain. But the nerves that exit the spinal cord are normal, with no blotches or sclerotic areas. So, the first report from the crime scene indicates that MS affects only the brain and spinal cord (the central nervous system) and has sclerotic areas that are not seen in other diseases of the central nervous system, such as Alzheimer’s disease, Parkinson’s disease, or ALS.

MULTIPLE SCLEROSIS

[image: ]

“Multiple sclerosis” refers to the “multiple scars” that can be seen as blotches of scarred tissue in the brain and spinal cord. The crime scene consists of immune cells (T cells, B cells, and macrophages) that infiltrate and attack the brain, causing damage to the myelin sheath.

The next step in examining the crime scene is to take a piece of the brain that has splotches and look at it under the microscope. The first microscopic description of MS was made in 1850, by the pathologist Santiago Ramon y Cajal, and a landmark paper was published by the Scottish pathologist James Walker Dawson in 1916. Microscopes at that time were primitive compared to what we have today, but they were strong enough to provide a major insight into the MS crime scene. In the brain and spinal cord of people with MS, there are cells that shouldn’t be there—white blood cells. White blood cells are typically found in the bloodstream, so why were they in the brain and spinal cord?

In fact, it was not unusual for them to be there, as white blood cells are always leaving the bloodstream and entering the brain. White blood cells are part of the immune system, and the immune system evolved to fight infection. They are sentinels that examine the brain, make sure nothing is wrong, and then leave. Thus, a simple explanation of the crime scene is that there is an infection in the brain and the white blood cells entered the brain to fight the infection. Thus, curing MS should be easy. Find the infectious agent, vaccinate against it, and cure MS.

However, all attempts to isolate a virus or other infectious agent from the brains of MS patients have failed. There have been many false culprits identified, including the spirochetes that cause syphilis and viruses related to the AIDS virus. For many years MS patients were not allowed to donate blood for fear MS might be an infectious disease. This restriction has been lifted.

If there is no infection in the brain, why do the white blood cells go there and cause damage; and why don’t they cause damage anywhere else in the body? The answers relate to what we now believe is the underlying cause of MS. MS is an autoimmune disease (immunity against oneself). The white blood cells are actually attacking the brain and spinal cord.

If a kidney or a heart is transplanted between people who are not identical twins, the immune system attacks and rejects the transplanted organ. It recognizes the transplanted kidney as foreign, like an alarm system warning against an intruder. The same type of white blood cells that we find in the brains of MS patients accumulate in the kidney after someone gets a kidney transplant if anti-rejection drugs are not given.

Although there are several theories about why the immune system attacks the brain as if it were a foreign object like a transplanted kidney, the most common idea is in fact linked to viruses or infectious agents and is termed molecular mimicry. The molecular mimicry theory states that there is an infectious agent such as a bacteria or virus that has a structure on it that is identical or very similar to a structure in the brain. When a person is infected by the virus the immune system attacks the virus, but when the white cells enter the brain, because a structure in the brain is identical to a structure on the virus, the immune cells attack the brain, thinking they are attacking the virus.

There are precedents for molecular mimicry in medicine. A prime example is what happens when strep throat leads to rheumatic heart disease. In rheumatic heart disease, the mitral valve of the heart is damaged a few weeks after infection with strep, because the Streptococcus bacteria and the mitral valve of the heart have identical structures. Thus, the immune cells attack the mitral valve believing they are attacking the Streptococcus. Treating a strep throat with penicillin or other antibiotics is important because eradicating the bacteria with antibiotics precludes the immune system from fighting the bacteria and mistakenly attacking the mitral valve of the heart.

Untreated strep throat can also lead to a disease of the brain called Sydenham’s chorea, as there are structures in the brain that are similar to Streptococcus.

In fact, many viruses have structures similar to parts of the brain, and many people can be exposed to those viruses, but only some people’s immune systems will attack their brains and cause diseases like multiple sclerosis. Guillain-Barré syndrome—a paralytic disease caused by an autoimmune attack against the myelin in the peripheral nerves—is often triggered by a preceding infection, by a variety of viruses or bacteria, including Campylobacter. In Guillain-Barré, the nerves are able to regenerate, something that doesn’t happen nearly as well in MS.

The virus most commonly associated with MS is the Epstein-Barr virus (EBV), which causes infectious mononucleosis. Virtually everyone has been infected by EBV, even if they have never had mono.

But if we’ve all been infected, why do only some people get MS? MS is a multifactorial disease, meaning that it’s much more complicated than a virus triggering an attack against the brain. MS occurs in a genetically predisposed individual who encounters a constellation of environmental factors at the appropriate time in their life, including sunlight, vitamin D, smoking, and even the bacteria in the gut. Understanding how these factors contribute to the disease will be required to develop a cure for MS analogous to the cure for polio—in other words, a vaccine.

IMMUNE ORIGINS

Although MS is triggered by multiple factors that must align in a specific formation at a unique point in time, we believe that this alignment triggers one cell that initiates the process: a T cell, so named because it comes from the thymus gland in the neck. After the T cell matures in the thymus, it enters the circulation and orchestrates the immune response. There are two biologic systems that have memory; one, of course, is the brain, and the other is the immune system. If you’ve been infected with polio or smallpox, your immune system remembers it, and you are protected from having the infection again.

As discussed, we believe the immune system attacks the brain in MS. One possible explanation for why some people get MS and others don’t is that in patients with MS, T cells generated in the thymus react with the brain, whereas people who don’t get MS don’t have T cells that can react with the brain. Although this sounds like a plausible explanation, it doesn’t work, as we all have T cells in our bloodstream that react with the brain and can enter it and cause MS.

The reason some people’s brain-reactive T cells enter the brain and cause damage while other people’s do not is that there are different subtypes of T cells that react with the brain. Some can cause disease, and some don’t. One of the major advances in immunology has been the identification of different T cell subsets. When I was first learning immunology in 1975, I trained with Henry Claman at the University of Colorado. He made the basic discovery that there are two major types of white blood cells in the immune system. He classified them as T cells and B cells. B cells are responsible for making antibodies, and they need help from T cells to do so. In the following decade, T cells were subdivided into subsets called Th1 and Th2 cells, based on the different chemicals they produce. In 1994, we described a third type of T cell, which secretes a chemical called TGF-beta and which we named a Th3 cell. Since then, scientists have identified a vast number of T cell subtypes, based on markers on their surface, the chemicals they secrete, and the profile of the genes inside them.

All in all, there are over two hundred markers on the surface of T cells that can be used to sort and classify them; additionally, there are thousands of genes inside the cell. We hang large posters in the laboratory that pictorially represent the complexity of the immune system and interactions between all the different cells. The immune system has often been described in military terms (one subset of T cells is called “killer T cells”). With the many arrows and pathways depicted, our posters resemble a complex battlefield map from World War II. The success of our developing treatments for MS has been directly related to our understanding of the intricate workings of the immune system.

We prove that we understand what causes a disease, as well as the mechanisms involved, when we interrupt or modulate the disease mechanism and the disease process is ameliorated. Thus, if MS is caused by T cells entering the brain, treatments that interrupt or stop their entry should help ameliorate the disease.

As we discussed, T cells are sentinels that patrol the body looking for enemies to attack; when they enter the brain, they mistakenly attack healthy tissue. A T cell enters the brain by attaching to a specific receptor on the wall of a blood vessel and exiting the bloodstream. The attachment works through a lock-and-key mechanism involving a structure on the T cell and a structure on the blood vessel. One of the most effective drugs for preventing MS attacks, called Tysabri (natalizumab), binds to the structure on the T cell and prevents it from attaching to the blood vessel. In this way, killer T cells are trapped in the blood and can’t get into the brain. Tysabri is one of the most effective MS drugs in reducing attacks such as the tingling or loss of vision that Bob Engle experienced, proof positive of the importance of cells moving out of the bloodstream into the brain and the role of the immune system in MS.

Unfortunately, blocking the movement of T cells from the bloodstream into the brain has undesired consequences. The immune system evolved to fight off infection, and T cells serve as sentinels that enter the brain to prevent unwanted infections from gaining hold there. When natalizumab blocks MS-inducing T cells from entering the brain, it also arrests other T cells with protective function. This has resulted in an increased incidence of a fatal brain infection called progressive multifocal leukoencephalopathy (PML) in people treated with natalizumab. When Tysabri was first approved in 2003 by the FDA, we treated hundreds of patients in the first months, until the drug was removed from the market because of PML infection. In subsequent years, it was carefully reintroduced to the market and given to people who underwent blood testing to assess their exposure to the virus that causes PML. This illustrates the double-edged sword of modifying the immune system to treat MS. One of the major challenges we face in treating MS is to control the immune system without causing untoward side effects.

There are currently over fifteen drugs approved by the FDA to treat MS. When I began my professional life, there were none. How did we get there, and what lessons can we learn from our success in MS that can be applied to diseases such as Alzheimer’s and ALS—conditions for which we have no truly effective treatments?

Drug development for MS or for any disease is not always as logical as the story for Tysabri. For example, the first drug to be approved by the FDA in 1993 for the treatment of MS, Betaseron (beta interferon), was tested in MS patients for its antiviral properties on the theory that a virus was causing MS. We now know that beta interferon helps MS because of its effect on the immune system, not its antiviral properties.

CYCLOPHOSPHAMIDE AND PLASMA EXCHANGE

In 1976, when I took my first faculty position at the Brigham and Women’s Hospital and Harvard Medical School, there were two major theories about the cause of MS:


1.MS is caused by an infectious agent, such as a virus,

or

2.MS is an autoimmune disease caused by a misdirected immune system.



Because I was so interested in understanding and finding a cure for MS, I embarked on training in both virology and immunology. At that time, there was evidence that the measles virus might be associated with MS, and a paper was published in the New England Journal of Medicine demonstrating that MS patients had abnormal reactions to measles virus. I was working in the lab of virologist Bernie Fields at the Harvard Medical School when the National MS Society solicited a grant from him to study measles. We were never able to repeat the measles findings that were published in the New England Journal of Medicine.

My first independent grant to study MS was related to immune cells called natural killer cells and how they may be defective in fighting viruses. The grant was given by the Kroc Foundation, established by the Kroc family of McDonald’s fame. As it turned out, their interest stemmed from the fact that members of the Kroc family suffered from autoimmune diseases including MS, rheumatoid arthritis, and diabetes. I was later awarded an endowed chair at Harvard from the Kroc family named after Robert L. Kroc, the brother of Ray Kroc, who founded McDonald’s.

I had far more success pursuing the immune approach than I’d had with the viral approach. At that time, Steve Hauser was a neurology fellow at Massachusetts General Hospital and was interested in MS. He came to talk to me at Bernie Fields’s lab about possible approaches to treating MS. We both knew that if MS is an autoimmune disease, one should be able to slow the progression of the disease by damping or suppressing the immune system.

The most classic autoimmune diseases are linked to autoantibodies, antibodies that react to a person’s own tissue, even though the tissue is normal. Myasthenia gravis is one such example. People with myasthenia have weakness in their eye muscles and other muscle groups because their bodies produce antibodies that block transmission of signals at the junction of nerves and muscle. The definitive proof of this link was an experiment in which antibodies were removed from the blood of patients with myasthenia gravis and injected into mice. The animals developed muscle weakness, just like the patients. This led to treating myasthenia patients with plasma exchange in which patients were hooked up to a machine and their blood cleansed of the disease-causing autoantibodies.

There was some evidence suggesting that MS patients might have autoantibodies, although it was certainly not as clear as it was for myasthenia. And no one had ever transferred MS to a mouse by injecting antibodies from MS patients. I have always been therapeutically aggressive, and even if no one had identified autoantibodies in MS, it didn’t mean they weren’t there. Why not treat MS patients with plasma exchange and go directly for the answer?

The big questions were whether it was safe and how difficult it would be for patients to undergo the treatment. Thus, I underwent two plasma exchanges myself, one in which the plasma was removed and the other in which I received a sham exchange in which blood was put through the machine but then given back to me. I couldn’t tell the difference between the two procedures and I suffered no ill effects, but I didn’t tell my wife until it was over. After that, along with Dave Dawson at the Brigham, we treated a small number of MS patients with plasma exchange. The patients seemed to do better, although the improvement didn’t last.

Another way to modulate the immune system is to use drugs that are general suppressants of the immune system. Remember, in kidney transplantation the immune system attacks the kidney because it is foreign to the recipient, so suppressing the immune system has become a mainstay of kidney and heart transplantation. In MS, the immune system attacks the brain and spinal cord because it mistakenly thinks they are foreign. It follows that drugs that suppress the immune system might work in treating MS.

At Massachusetts General Hospital, Steve Hauser was taking care of an MS patient with breast cancer, who’d received cyclophosphamide (an immune suppressant) as part of the chemotherapy for her breast cancer. Her MS got dramatically better. There had been other positive reports of treating MS with drugs that suppress the immune system, but never in a controlled trial. Steve Hauser and I decided to assume that MS is indeed an autoimmune disease and to conduct a trial in which we compared the two different approaches to treating MS: plasma exchange and general immunosuppression using cyclophosphamide.

One of the biggest challenges in performing clinical trials is to perform a placebo-controlled trial in which the patient doesn’t know which treatment they are receiving. There are striking examples of positive clinical results that cannot be replicated in a controlled trial. One such occurrence was in Parkinson’s disease, in which symptoms of the disease appeared to be helped by implantation of cells into the brain; a subsequent trial of a sham operation, however, showed the same result.

Sometimes, however, it is not possible to perform a placebo-controlled trial. This was the case in the trial Steve Hauser and I designed. We decided to treat three groups: the first received a steroid-stimulating drug called ACTH, which had shown some positive effects in MS; the second group received ACTH plus high-dose cyclophosphamide; and the third group received ACTH plus plasma exchange and low doses of cyclophosphamide. Because patients lose their hair with chemotherapy and are hooked up to a machine for plasma exchange, all patients knew which treatment they were receiving, although they were randomly assigned to one of the three groups when entering the trial.

It was a bold experiment, and I remember examining patients at the clinical research center at the Brigham
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