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“Cells Are the New Cure explains the world of cutting-edge complex scientific discovery in easy-to-understand language, interweaving the human element through stories of remission and cure. As someone who is blessed to be thriving since my stem cell transplant, this book gives us hope.”

—ROBIN ROBERTS, GOOD MORNING AMERICA

“Cells Are the New Cure details the recent discoveries of the world’s top scientists and clinicians in the rapidly advancing field of cellular medicine. This paradigm shift in medicine will change the way we treat disease in the very near future and advances in immunotherapy will revolutionize how we approach cancer.”

—SEAN PARKER, PRESIDENT, PARKER FOUNDATION

“Robin Smith and Max Gomez have illuminated one of the great frontiers in medicine for the general reader: The way aberrant cellular biology leads to disease and how cellular therapy can be harnessed to treat it. Cells Are the New Cure describes the many novel treatments and therapies under development and in use in the clinic and catalogues the potential of cellular therapy to alleviate untold pain and suffering across many lethal diseases like cancer and age-related degenerative conditions. They describe these historic scientific advances while compassionately relaying the real-life experiences of patients who have benefited from them.”

—RONALD A. DEPINHO, MD, FORMER PRESIDENT, UT MD ANDERSON CANCER CENTER

“Cells Are the New Cure explores the potential in modern medicine to harness the human body’s own curative abilities to battle cancer, autoimmune diseases, and many rare diseases. Set against the backdrop of real-life stories of patients who have benefited from these therapies while they are undergoing clinical development, the book highlights that unique moment where science and life intersect.”

—STEPHEN C. GROFT, PHARMD., SENIOR ADVISOR TO THE DIRECTOR, NATIONAL CENTER FOR ADVANCING TRANSLATIONAL SCIENCES, AND FORMER DIRECTOR, OFFICE OF RARE DISEASES RESEARCH, NATIONAL INSTITUTES OF HEALTH

“Cells Are the New Cure writes a prescription for hope, long missing from the medical care of patients like me. I have known too many dangerous conditions in my adult life. Now, science is stepping in with cutting-edge research and clinical trials that offer a bright future for those of us who have been denied a view of life beyond today.”

—RICHARD M. COHEN, JOURNALIST AND BESTSELLING AUTHOR WHO HAS BATTLED ILLNESSES FOR MORE THAN FORTY YEARS
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FOREWORD

One of the first stories I covered as a television reporter was the restriction on US federal funding for research on stem cells. It was August 2001, and for the next eight years, many scientists would spend more time trying to find new sources of funding than actually doing research. When the restrictions were relaxed in March 2009, there was a sense of optimism in the stem cell community but also a feeling the United States was nearly a decade behind other countries and now had to make up a lot of lost ground.

To be fair, supporters of the restrictions felt they were acting in defense of human life in protecting embryos. Furthermore, during this time several lessons were learned in the world of stem cell research that might not otherwise have been learned. First, the early data from embryonic stem cell pioneers did not prove particularly promising. Additionally, induced pluripotent stem cells (iPSCs)—adult cells induced to exhibit the same properties as embryonic stem cells—were discovered. Finally, adult stem cells, thought for sixty years to reside only in bone marrow, were found in many more tissues. As we now know, this greatly opened up the range of therapeutic possibilities.

And yet, in the United States we still feel the hangover of that eight-year drought in stem cell research. Patients are understandably dubious of their true value, as too many charlatans have made laughable claims unsupported by scientific data. While the number of clinical trials has increased, the US medical system doesn’t yet offer formal clinical training programs to teach stem cell therapies. My colleagues in medical journalism write with greatly tempered optimism that borders on cynicism whenever we do stories on the promise of stem cells. And at this writing, the US Food and Drug Administration has approved only one stem cell therapy product, Hemacord, to restore low blood cell counts. In fact, the FDA is sometimes stymied at how to regulate adult stem cells at all, especially when they are extracted from and then injected back into the same human body. It seems that adult stem cells don’t fall neatly into the definition of device or drug, the two categories on which the FDA focuses.

As things stand now, if you have heard of Americans getting stem cell treatments, they are usually wealthy individuals who have run out of options and are willing to try anything, even if it is untested and unproven. That doesn’t inspire a lot of confidence, but it is the story I have often heard in the mainstream and scientific media almost since I started my careers in journalism and neurosurgery.

That was the backdrop when I first received a call from the authors of this book, Robin L. Smith, MD, and Max Gomez, PhD. They wanted me to participate in Cellular Horizons, a conference in Vatican City focused on cell-based therapies. That’s right, Vatican City. After fifteen years of bearing witness to the constant collisions of science and theology, the impact on federal funding, and several-year cycles of optimism and pessimism, things were coming full circle. I would hear from scientists, ethicists, and Pope Francis himself about their faith in stem cells.

Make no mistake, the Catholic Church continues to oppose research or therapies that involve the destruction of embryos. It does, however, support adult stem cell research and asked scientists from all over the world to present their data. These were reputable scientists and regulators from Germany, China, Japan, India, and Australia. The United States was also well represented with researchers from major hospitals and universities presenting compelling data on a variety of ailments.

Sabrina Strickland, MD, of the Hospital for Special Surgery in New York City is using stem cells as a viable alternative for painful osteoarthritis. Eduardo Marban, MD, PhD, at Cedars-Sinai Heart Institute in Los Angeles used them to reduce scar tissue size in the muscle after a heart attack. One of the more provocative trials I heard described is taking place at Duke, where Joanne Kurtzberg, MD, is looking into the use of stem cells for children with autism. While not all stem cell researchers agree this is a rational application of stem cell therapy, there is an increasing number of children going to profit-driven clinics that offer up no data. The Duke trial will at least produce some answers about the impact of cellular therapy on neurons in the brain at various stages of development.

As a journalist, I was particularly interested in meeting the patients behind all the data. Having seen the enormous challenges of autoimmune disease in my own family, I agreed to moderate a panel with Richard Burt, MD, from Northwestern University and his beautiful young patients Grace Meihaus and Elizabeth Cougentakis. At age seventeen, Grace developed rapidly progressive systemic scleroderma that not only hardened her skin but caused multiple internal organs to become scarred and inflamed. Out of options, she found Dr. Burt and underwent an autologous hematopoietic stem cell transplant. Her symptoms improved within months, and she was able to return to college and her way of life. Elizabeth’s myasthenia gravis, another autoimmune disease, first affected the small muscles of her eyes, then progressed to a point where she could no longer feed herself or walk. Within six months, she was on a breathing machine and being fed with a tube. If I hadn’t heard her describe it as vividly as she did, I would not have believed that Elizabeth started to feel better immediately after treatment as she regained control of her eyes and other motor functions. Eight years later, she is completely healthy and requires no medications. As a father of three daughters, I was buoyed and encouraged by what the future could hold for them and other children around the world if they ever became ill.

We are a long way from seeing these therapies become widely applied. There are still appropriate scientific, regulatory, and cultural hurdles to overcome. And yet, it has become increasingly clear that someday soon even the most ardent critics will come to support the belief that our greatest healing tools may lie within the human body itself. As this field is still very much in its infancy, it is hard to gather all the knowledge in one place. Books like this should be seen as part of a living, breathing body of knowledge that will grow, evolve, and be reborn. What will never change, however, is the measured yet relentless optimism these pages bring.

—SANJAY GUPTA, MD

MARCH 2017


INTRODUCTION

It is health that is real wealth and not pieces of gold and silver.

—MAHATMA GANDHI

Imagine a world where victims of irreversible spinal cord injuries are able to get out of their hospital beds and walk. Where there’s no shortage of donor organs for transplants—because we no longer need donors—we just grow new organs in laboratories. Where stem cells from bone marrow or fat are used to repair damaged hearts and spinal discs and lungs—and even to slow the progression of Lou Gehrig’s disease and Parkinson’s. Where your immune system can be taught to destroy cancer. Where your DNA can be repaired before symptoms of genetic diseases even start. In short, imagine a world of longer and healthier lives.

This is the promise of cell therapies. What once seemed like science fiction, pipe dreams, or outright miracles is already becoming reality. Cell therapies are now being used to combat cancer, repair injuries, and treat autoimmune conditions. Researchers are making replacement organs with 3D bioprinters where scaffolds are sprayed with layers of living cells. Human trials of cell therapies for Alzheimer’s, ALS, and Parkinson’s are underway. And scientists are experimenting with cell-based antiaging therapies that will help us not only to live longer but, in effect, to stay young longer.

Leading experts expect that this rapidly developing field will soon transform the treatment of many diseases that have caused degeneration and death throughout human history—with faster, more complete recovery and significantly fewer risks and side effects. This research is ongoing with over 35,000 clinical trials underway across the globe.

A decade ago, some of the advances you will read about in this book seemed like the harebrained ideas of fringe scientists. Today they are saving lives. Others are poised to emerge from the laboratory as accepted treatments. Still others, based on fascinating new understandings of cells and diseases, will take longer to reach widespread use.

We are on the precipice of a revolution in medicine. Cell therapies represent a new frontier, harnessing the power of our own biology as the new “drugs” that will not merely treat but actually cure disease.



PART ONE

THE PROMISE OF
REGENERATIVE MEDICINE

Without a doubt, stem cell research will lead to the dramatic
improvement in the human condition and will benefit millions of people.

—ELI BROAD




CHAPTER ONE

REPAIRING INJURED AND AGING TISSUE

Research serves to make building stones out of stumbling blocks.

—ARTHUR D. LITTLE

In the Greek myth, Prometheus steals fire from Olympus, hiding it inside a giant fennel stalk and delivering it to mankind. As punishment, Zeus has Prometheus chained to a stake on Mount Kaukasos, where every day a giant eagle eats his liver and every night his liver regrows. The story shares themes with mythologies around the world. Many cultures describe a superhero or trickster who steals fire, and since prehistory humans have fantasized about the ability to regrow or repair our bodies. The origin of this fantasy is obvious—the breakdown and eventual failure of tissue is a central fact of human existence. We age. And as we age, our bodies progressively break down until eventually we die. Functions that are lost to time, disease, or injury rarely return.
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But now we are tantalizingly close to rewriting the narrative describing the decline of human tissue. The myth of tissue regeneration is becoming reality. The secret is proving to be not a new compound or surgical technique, but the power that lies within our own human cells. Specifically, scientists and doctors are learning to restart programs of growth and repair buried deep in the cells that built our bodies in the first place. In the womb, stem cells drove the growth of the tissues that became your mind and body. We are now starting to use stem cells for a similar purpose in the adult body—to repair and regenerate these same tissues. Today, innovative scientists are showing that stem cells can indeed repair your body after damage or disease.

Of course, no matter your politics, religion, or beliefs, you have heard about the moral and ethical challenges of embryonic stem cell research and treatments. These are the cells most active in transforming a fertilized egg into a viable human body, and so some research and treatments have depended on stem cells harvested from fetuses. However, recent work is allowing doctors and patients to sidestep this ethical dilemma. Increasingly, treatments are based on stem cells derived from adult tissues, including your own skin, fat, or blood cells. Also, promising work seeks to strip adult cells of their “differentiation” to return them to a more stem-like, even embryonic-like, state, so that they can be used to regenerate various kinds of tissues.

[image: ]

The normal life cycle of a cell proceeds through fifty to seventy cell divisions until it reaches “old age” or senescence, stops dividing, and eventually dies off. Scientists are developing ways to slow, stop, and even reverse this process to keep cells alive and healthy beyond their natural life span.

This new field of regenerative medicine borrows from biology, biochemistry, chemistry, tissue engineering, physics, and applied engineering—an interdisciplinary approach to stimulating the body to heal and repair itself. In addition to rejuvenating a creaky knee or bad back, regenerative medicine has the potential to create therapies for previously untreatable diseases and conditions.

Think of the hundreds or even thousands of diseases that result from malfunctioning, damaged, or failing tissues. Each of these may be treatable and even curable through regenerative medicine therapies. Yes, this sounds like an extreme claim, leading some to downplay the potential of regenerative medicine as if it were a nineteenth-century miracle tonic promising to cure everything from dropsy to ague. However, as evidence mounts for the benefits of cell-based regenerative medicine, what once was fringe science is becoming a recommended part of mainstream treatment for many conditions. The more we learn, the more this list of conditions for which stem cells can repair tissue and restore function grows. But before we get to real evidence regarding conditions that benefit from regenerative medicine, it’s important for you to know a little bit about these stem cells that are the key to these new therapies.

THE PROMISE OF STEM CELLS

Life begins for each of us with the fusion of a sperm and an egg. This single cell, called a zygote, is the primal stem cell, the genesis of all the tissues that will become your body. Not long after fertilization, the zygote divides, making two, then four, then eight, then sixteen cells. Once these cells have divided exactly seven times to make 128 cells, the structure is called a blastocyst. At that point, a switch is flipped, and instead of continuing to manufacture duplicates, cells start the process of differentiation. They take a step toward specialization, becoming cells of the ectoderm, mesoderm, and endoderm. These three cell types, which form what are called germ layers, will go on to diversify into trillions of cells representing 200 types. The ectoderm gives rise to cells of the nervous system, among other things. The mesoderm forms muscles, bones, and organs. And the endoderm forms cells that line the insides of many of the body’s tube-like systems.
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Once an egg is fertilized, it becomes a zygote and begins to divide. After three to four days the ball of cells resembles a mulberry, hence morula (Latin for mulberry). A day or two later the cells reorganize into a hollow ball, forming an inner cell mass that is destined to become the actual embryo, and the other cells will become the placenta.

Eventually, cells differentiate until some become skin, others become cells that allow the heart muscle to beat in rhythm, and still others become cells in your joints that cushion the bones. Each fully differentiated cell has a specific job to do. These cells can only reproduce copies of themselves, with a few exceptions, which we will discuss. By the time one is born, the vast majority of one’s cells have become specialists, but earlier undifferentiated cells never completely vanish. Inside each one of us are cells with various levels of cell-making capabilities, able to make a few or even many types of tissues. These are stem cells.

Though stem cells exist across a spectrum of differentiation, science and policy generally divide them into two categories: embryonic stem cells and adult stem cells. Embryonic stem cells are the original stem cells. In the lab, they are commonly derived from 128-cell undifferentiated blastocysts created by in vitro fertilization. While their ability to give rise to many tissue types makes them attractive, this same ability leads to a major downside in practice. Unbound by the checks and balances of the body’s original development, these pluripotent embryonic stem cells, when placed in areas that are outside their usual developmental context, are prone to causing cancer. When researchers introduce embryonic stem cells into animal models, these animals tend to develop tumors.

However, we can count difficulty of use as only the second challenge in working with embryonic stem cells. “Embryonic stem cells are not going to make it as therapeutic agents, mainly due to ethical reasons,” says Eckhard Alt, MD, PhD, the Todd and Linda Broin Distinguished Professor and Chair at Sanford Health in Sioux Falls, South Dakota. Alt directs the Sanford Project, a 20-member type 1 diabetes research team focusing on leveraging stem cells to generate new insulin-producing beta cells in the pancreas.

One solution to the ethical and moral problems of embryonic stem cells is the creation of what are called iPSCs, otherwise known as induced pluripotent stem cells. By stripping adult stem cells of their differentiation, researchers are increasingly able to return them to a state similar to embryonic stem cells. It turns out that by stressing adult stem cells and then exposing them to certain chemicals, they can be coaxed back into a stem-like state, able to give rise not only to clones of their own tissue type but also to a range of other tissues. The discovery of this technique earned its pioneers, Sir John Gurdon, DPhil, DSc, FRS, and Shinya Yamanaka, MD, PhD, the 2012 Nobel Prize in Physiology or Medicine.

However, Alt points out that for many conditions, treatment may not require a cell’s ability to create any cell type. We might not need true pluripotent cells at all. Instead, more specialized, more differentiated adult stem cells might be used directly to regrow or repair damage in the tissues they naturally support. And since these cells are found in sufficient amounts in adult fat, bone marrow, and other tissues, many patients can be treated with their own cells, avoiding the need for powerful antirejection medications.

These adult stem cells have started down the path of differentiation but have not yet reached the final cell type. Adult stem cells produce the cells that maintain the body’s tissues and organs, and, importantly, they can divide and reproduce indefinitely. These cells typically produce the type of tissue in which they are found. For example, doctors are able to isolate mesenchymal stem cells from adult fat tissue. These are stem cells that develop into fat cells, cartilage, bone, tendons, ligaments, muscle, skin, and even nerve cells. If a mesenchymal stem cell takes another step along the path of differentiation, it can become, for example, a cardiac myocyte, which, as its name implies, produces muscles cells of the heart. Another type of adult stem cell, hematopoietic stem cells give rise to the cell types of the blood system—red cells, white cells, and platelets.
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Nobel Prize Laureate Sir John Gurdon at the Second International Conference on Regenerative Medicine—A Fundamental Shift in Science & Culture (Vatican, April 2013).
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Stem cells can differentiate into multiple types of cells, such as blood cells, nerve cells, muscle cells, cardiac cells, liver cells, and intestinal cells.

It is these blood stem cells that first provided proof-of-principle for the use of stem cells against human disease. For more than forty years, doctors have been transferring blood stem cells from donors to patients in the procedure known as bone marrow transplant. This use of hematopoietic stem cells is most commonly used to replace bone marrow that has been destroyed by chemotherapy, such as in the treatment of leukemia and lymphoma, and now adult stem cells are being used to fix debilitating autoimmune conditions like rheumatoid arthritis, multiple sclerosis, lupus, and type 1 diabetes, in which a patient’s immune system erroneously attacks healthy tissue. In addition to stem cells from an adult donor, cord blood, which is harmlessly collected from umbilical cords that are normally discarded after a baby’s birth, is now also used as a source of hematopoietic stem cells for transplant. This use of hematopoietic stem cells has helped to boost cure rates for childhood leukemia from nearly zero in the middle of the twentieth century to greater than 90 percent today.

Now that there is proof that adult stem cells can be isolated and used to cure real human diseases, the race is on to isolate new types of stem cells and match them with the conditions they treat. Call it what you want—regenerative medicine, stem cell treatment, or cell therapy—the result is the same: new hope for healing hundreds of formerly incurable diseases.

Let’s look at just a few of the diseases and conditions that are now or may soon be treated with stem cells.

STEM CELLS FOR CHRONIC MUSCLE AND JOINT INJURIES

In 2006 legendary quarterback Peyton Manning injured his neck in a game between his Indianapolis Colts and the Washington Redskins. The star player rehabbed his injury but reinjured it again in 2010. By the 2011 season, it was obvious that pain, and perhaps nerve damage, had sapped his arm strength. Manning then underwent surgery for a herniated disc. When that didn’t work, he had vertebrae in his spine fused together. Finally, having exhausted mainstream options, Manning explored other solutions. Details are sparse, because Manning would be a free agent later that year and the last thing he and his agency team wanted was loose talk about experimental and possibly prohibited treatments, but it is reported that during the 2011 season Manning flew to Europe where doctors harvested stem cells from his fat tissue and then injected the purified cells into his neck. What we know for sure is that in 2012, Manning, now with the Denver Broncos, was named the NFL Comeback Player of the Year. In 2013 he was selected the NFL Offensive Player of the Year. In September of that year, in the season opener against the Baltimore Ravens, he threw an NFL-record seven touchdown passes. Two seasons later, Manning led the Broncos to victory in the 2016 Super Bowl, a fitting finale to an illustrious career that was almost sidelined by injury. Was it the stem cells? The treatment he supposedly received certainly coincided with his miraculous recovery, but this kind of correlation doesn’t prove that stem cells caused the recovery.

In fact, Manning’s story illustrates a major challenge in showing the effectiveness of stem cell therapies in muscle, joint, and orthopedic repair. A quick internet search returns pages and pages of patients recounting their stories of miraculous cures, but we have few verifiable facts. A 2013 review in the journal Knee Surgery, Sports Traumatology, Arthroscopy sums up current knowledge: “Despite the growing interest in this biological approach, knowledge on this topic is still preliminary, as shown by the prevalence of preclinical studies and the presence of low-quality clinical studies.” In other words, scientists have shown in their labs that stem cell injections should help repair muscle and joint injuries. And some small clinical trials have hinted that stem cells do repair muscle and joint injuries. But until we have the evidence of a large, randomized controlled trial, the United States Food and Drug Administration and most physicians won’t be ready to put their stamp of approval on the treatment. That’s why Peyton Manning and many other pro athletes go to Europe.

Take Lakers star Kobe Bryant. By 2011, he had worn out most of the cartilage in his right knee, resulting in severe pain that often kept him from practicing. Like Manning, Bryant flew to Europe for treatment, but unlike Manning, his therapy didn’t use stem cells. Instead, Bryant opted for injections of platelet-rich plasma (PRP). The process of creating PRP for patients is relatively simple. One or two ounces of the patient’s blood are put into a centrifuge where it is spun at very high speed to separate out the platelets. This becomes PRP, a concentrated source of over 300 growth factors that are believed to play a significant role in the healing process. This PRP is then injected into the injured area of the soft tissue or joint to promote healing, possibly by supporting the injured tissue’s own dormant stem cells. When this works, most patients experience relief within several weeks and without any side effects. After his PRP session, Bryant told ESPN.com, “I feel a lot stronger and a lot quicker.”

Of course, pro athletes aren’t alone in their desire to heal ailing joints and muscles. A survey by the organization Safe Kids Worldwide found that every year in the United States more than one million kids are injured severely enough when playing sports to require an emergency room visit. And sports aside, the Centers for Disease Control report that about thirty-one million adults suffer from osteoarthritis, the most common form of the disease. We know that mesenchymal stem cells—the adult stem cells that give rise to muscle, bone, and connective tissue—are less active in patients with osteoarthritis. Indeed, an article in the journal Arthritis & Rheumatology suggests that the inability of stem cells to keep up with the normal wear and tear on bones and cartilage may be a defining feature of the disease.

Researchers at the Hospital for Special Surgery in New York City have launched a study to determine if a treatment using stem cells can help people with painful osteoarthritis. The multicenter study will divide patients into three groups, with each receiving a one-time injection into the knee joint. One group receives a stem cell treatment. The second group receives an injection of hyaluronic acid, a common treatment that has been shown to help ease pain by lubricating an arthritic joint. The third group receives a placebo that is made up of saline solution and injected into the knee joint. This is a blinded study, meaning that the participants do not know what is being injected into their sore knees.
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Osteoarthritis, the most common type of arthritis, is the result of injury or, most often, wear and tear on the cartilage on the ends of bones so that they no longer glide smoothly. Doctors are working to use stem cells to regenerate the damaged cartilage.

“Studies have demonstrated that stem cells are safe and can improve healing and reduce symptoms in a number of different applications, such as cardiac surgery and wound healing,” says Sabrina Strickland, MD, an orthopedic surgeon at the Hospital for Special Surgery and principal investigator in the arthritis study.

Study participants will have X-rays taken before the injection and after twelve months. They will also have lab work and will complete questionnaires regarding pain and activity level. Follow-up visits after the initial injection will take place at six weeks, three months, six months, and twelve months.

“I have a number of younger patients with arthritis who are looking for a new pain-relieving option, and the stem cell treatment works in a completely different way from current treatments,” Strickland says. “If it is shown to be safe and effective and slows down the progression of mild to moderate arthritis, we’ll be able to help a lot of patients.”

Further downtown, at New York University’s Langone Medical Center, doctors are testing a similar treatment for hip pain associated with the condition known as avascular necrosis (AVN). AVN, also called osteonecrosis, is a condition in which circulation to the femoral head of the hip—the highest part of the thigh bone—becomes impaired, causing the ball to lose its round shape and eventually collapse and die. The poor fit of the ball into the hip socket damages the joint’s surface cartilage, leading to chronic arthritis and eventually destruction of the joint, requiring total hip replacement usually before the age of 50. Thomas Einhorn, MD, professor of orthopedic surgery at NYU and director of clinical and translational research at Langone, has been using adult stem cell therapy to successfully treat AVN in many of his patients, helping them to avoid hip replacement surgery.
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A healthy hip joint (left) has a smooth ball sitting in its socket. When blood supply to the head of the thigh bone is compromised (right), the bone begins to die, becoming mottled and irregular and eventually leading to a total hip replacement unless treatment such as stem cell infusion is done to the bone. (Reproduced with permission from OrthoInfo. ©American Academy of Orthopaedic Surgeons. http://orthoinfo.aaos.org)

“A total hip replacement is often a suboptimal solution for patients under sixty years of age,” says Einhorn. “That’s because of possible activity restriction and the fact that a synthetic hip will wear out with time. Stem cell therapy could prevent some patients from requiring this operation.”

After removing bone marrow from the femur through a thin needle, Einhorn transfers the sample to a device that collects stem cells into a concentrate called bone marrow aspirate concentrate (BMAC). In a one-hour surgical procedure, he then drills out the damaged bone in the patient’s hip and injects the BMAC directly into the hip where the damaged bone was removed. The BMAC forms a thick clot that serves as a short-term scaffold—that is, a structure on which new tissue can grow.

“The idea is that once the stem cells are in the cavity, they will induce the development of new blood vessels and start to grow, differentiating into bone tissue,” Einhorn says. “This new bone tissue should then use the surrounding necrosed tissue as a scaffold, putting living bone back where it belongs.”

Over the years, Dr. Einhorn has had a 65 percent success rate with this innovative cellular procedure, not only decreasing pain and keeping damaged hips from collapsing but allowing patients to avoid hip-replacement surgery.

These are a few examples of the many types of muscle and joint injuries, diseases, and degeneration for which regenerative medicine based on stem cells or on other cell therapies is showing significant results in patients with the means and motivation to undergo experimental treatment. Trials that are currently underway could make these therapies available to thousands more.

MY BROKEN HEART: HEART REPAIR WITH STEM CELLS

Between 1940 and 1967, death by coronary heart disease rose 14 percent in the United States, due in part to smoking, lack of exercise, and high consumption of fatty and processed foods. Since then, the death rate has fallen by almost as much, due to less smoking, better medical techniques, and less time between the heart attack and treatment. But surviving doesn’t necessarily mean thriving. Once heart tissue is killed, it cannot regrow and instead is healed over by scar tissue in a process called fibrosis. This process causes the heart to become inflexible and unable to contract and pump blood efficiently. Eventually, an inefficient heart is prone to fail. About 22 percent of men and 46 percent of women will develop heart failure within six years of having a heart attack. Fewer than half of those patients will survive for five years.

But despite the grim statistics, there is hope for better outcomes. Many experts now believe that with stem cell therapy the heart may, in fact, be able to heal dead tissue. This is a huge claim, contradicting what has been an established paradigm in cardiac medicine. Here is the evidence:

In 2009 Eduardo Marban, MD, PhD, director of the Cedars-Sinai Heart Institute in Los Angeles, harvested a small piece of a patient’s heart and used the tissue to isolate and grow specialized heart stem cells. Then Marban’s team injected these stem cells back into areas of the patient’s heart that had been injured by heart attack. Twenty-three other patients joined this first trial, and in 2012 The Lancet published the results: one year after receiving the investigational stem cell treatment, heart attack patients demonstrated a significant reduction in the size of the scar left on the heart muscle after their heart attacks. The paper described this regrowth as “unprecedented increases . . . consistent with therapeutic regeneration.”

Then, in the largest clinical trial ever conducted using stem cells to treat heart failure, researchers led by Amit N. Patel, MD, a cardiac surgeon and director of the clinical regenerative medicine program at the University of Utah, compared 58 patients who received injections of heart stem cells to 66 patients who received injections of a saline solution (placebo). The treatment, called ixmyelocel-T (developed by Vericel Corporation of Cambridge, Massachusetts), used about three tablespoons of bone marrow from the hip that was then grown in an instrument called a bioreactor to produce a “soup” of cells containing mesenchymal stem cells. Researchers used special catheters to identify the weakest parts of each patient’s heart and injected the cellular soup into these areas. The results, reported in The Lancet, showed that in the year following the treatment, the 58 patients who received the cell therapy had a 37 percent lower rate of death and hospitalization for heart failure–related problems. Mortality was 3 percent in the patients treated with cell therapy compared to 14 percent in the placebo group.

Patel thinks that the cell therapy probably works not by increasing the number of muscle cells or blood vessels in the heart but by making surviving muscle cells work better. Patel and collaborators at Vericel are hoping to start a much larger phase III trial in the near future. In this trial, the treatment will be given to a large group of people to confirm its effectiveness, monitor side effects, compare it to commonly used treatments, and collect information that will allow the drug or treatment to be used safely.

Patel and Marban are not alone. The Australian company Mesoblast completed a phase II study of mesenchymal stem cells injected into the hearts of patients who had experienced heart failure. “Our results showed that the therapy was not only safe but effective. Six months after treatment, patients had improved heart pump function,” says Donna Skerrett, MD, chief medical officer for Mesoblast. At this writing, a larger, phase III clinical trial with 600 patients is now underway and interim data is expected. Other companies using stem cells to treat heart disease include Celyad, a Belgium-based cell therapy company, which in late 2016 presented promising results of a 271-person study using the patients’ own bone marrow stem cells mixed with special growth factors that coax the cells to become cardiac stem cells. This proprietary medicine, C-Cure, has been shown to be effective in a subset of patients selected. And in 2016 the San Diego biotech company CardioCell published promising data from a 22-patient study of their bone marrow–derived stem cell product, which, instead of being injected into the heart, was simply infused into patients’ veins. These three studies are examples of more than forty clinical trials by companies such as Fate Therapeutics, Amorcyte Therapeutics, and many others currently testing stem cell–based treatments for cardiac conditions.
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Still from a simulation of Mesoblast’s cell therapy, MPC-150-IM, being delivered via catheter to damaged heart muscle. (Courtesy of Mesoblast Ltd.)

The pace of medical research can be frustrating. It can take a decade or more to develop and test a new treatment. However, this snail’s pace helps to ensure two essential aspects of research. First, treatments that survive this process are more likely to be safe; and second, this rigorous testing process is the best way to conclusively prove a treatment’s effectiveness.

The wheels of scientific research turn slowly. Granted, it’s not easy to wait on the sidelines for the results of these trials of stem cells for heart disease by Vericel, Cedars-Sinai, Mesoblast, Celyad, CardioCell, and others. However, if successful, the results of these ongoing investigations will eventually pave the way for stem cell therapy as an accepted treatment for a variety of cardiac conditions.


 




BUYER BEWARE

Stem cells have enormous potential to help us understand and treat a range of diseases, injuries, and other health-related conditions. However, there are now more than 570 clinics in the United States offering costly stem cell treatments for medical purposes, ranging from spinal cord injuries and Parkinson’s disease to dementia and multiple sclerosis. “Unfortunately, many make claims that are not supported by a current understanding of science,” says Larry Goldstein, PhD, director of the Sanford Stem Cell Clinical Center at UC San Diego Health.

If you are interested in stem cell therapy for yourself or a loved one, the best place to start is with a clinical trial. Look for trials that are conducted by academic medical centers or nonprofit medical institutions. With most of these experimental studies, you will not be charged for the cost of treatment. Find these studies by using the search tools at the government-run ClinicalTrials.gov database.




 




CHAPTER TWO

GROWING NEW BODY PARTS IN THE LAB

Regenerative medicine may one day be a solution to the shortage of donor organs in this country for those needing transplants.

—ANTHONY ATALA, MD

Luke Massella is a member of a very small but promising community—people whose damaged or diseased organs have been replaced with new ones grown from their own cells in a laboratory.

Massella was born with spina bifida, a birth defect affecting about 1,500 newborns annually in the United States in which the backbone fails to close completely around the spinal cord. Fortunately, Massella didn’t suffer most of the neurological problems that can accompany spina bifida, but the condition did prevent the formation of nerves that help control the bladder. There are two sets of these nerves. One set exits the spinal cord in the middle of the back and controls tightening of the bladder’s sphincter muscles so that it can hold urine. The other set, which exits much lower in the back, relaxs those muscles to release urine. Without the proper formation of these nerves, as is the case in the majority of children with spina bifida, the bladder may have trouble storing urine, emptying fully, or both. Over time, bladders that sit dormant become stiff and fibrotic or waste away and eventually die. It was the lower set of nerves that didn’t form in Luke.

By the time he was ten, corrosive urine had backed up from his faulty bladder into his kidneys, which were on the brink of failure. Luke had been an energetic boy, but now on most mornings he didn’t have enough energy to get out of bed. His bladder was dying. Eventually Luke would die as well. That’s when, in 2001, his parents took him to see Anthony Atala, MD, a pediatric urologist who was gaining a national reputation as an expert in the newly developing medical specialty of tissue engineering or, as it is now called, regenerative medicine.

MEDICAL MILESTONE: ENGINEERING A BLADDER

Dr. Anthony Atala proposed a solution that seemed like science fiction: use Luke’s own stem cells to grow a completely new, functional bladder. Here’s how Atala explained the procedure in a TED talk about his work: “We took a very small piece of tissue from his injured organ, a little less than half the size of a postage stamp. We then took those cells and grew them outside his body in my laboratory. A 3D biodegradable mold in the shape of a bladder was created, and then we soaked and seeded it with nutrients and the stem cells from Luke’s own bladder.”

Atala explained that tissue was built up in layers and then incubated in a special bioreactor, rather like baking a layer cake. “When we were done, the new bladder was then surgically implanted into Luke and attached to his original bladder.”

[image: ]

A bioprinted bladder scaffold about to be seeded with the patient’s stem cells grown in the lab
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