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    The aim of this book is to bring a clear understanding and appreciation of stem cell technology and the related subject of regenerative medicine to everyone and especially to those people considering paying for stem cell therapy or stem cell related services. It avoids complex scientific terminology (or it is clearly and simply defined where needed) and develops ideas in a coherent and understandable fashion for the general reader.




    The subject of stem cell technology and the related possible regenerative medicine procedures is an area of science and medicine where there is much confusion, often supported by unproven claims. There are currently many clinics offering stem cell ‘treatments’ which are driven by profit with no concern for the safety or well-being of the patient. There are untested and unproven stem cell based ‘treatments’ being offered to vulnerable patients around the globe and these are often sold at a very high price. If these ‘treatments’ were offered free of charge, it would still be scandalous behaviour by those offering such treatments because the ‘treatments’ are untested and unproven and could even pose a health risk to vulnerable, often terminally or acutely ill recipient patients.




    The general public, who are the people most likely to consider, or to be offered stem cell-based therapies, in most instances often have little or no understanding of stem cell technology and put their trust in ‘clinic’ salesmen.




    This is not the fault of the patients, it is the fault of those people who wish to draw such patients into a web of deceit.




    The salesmen who represent the clinics often have no knowledge or formal training in stem cell technology at all and are all driven by profit. The result of this is that vulnerable patients, who may be suffering from life threatening or life changing diseases, are drawn into costly stem cell procedures which are at best unproven and could sometimes even be damaging rather than beneficial to their health. This must stop. This book will give everyone the knowledge to assess and reject such ‘treatments’ if they are inappropriate. Patients must be prepared to walk away if they have any doubts about the safety and efficacy of any proposed treatment and if a treatment does commence, it must always be under informed consent.




    It is not just the general public and potential patients who need stem cell information. Many practising physicians have had little or no stem cell training in medical school, most journalists have no knowledge at all in the subject and politicians make life changing decisions on the use and availability of stem cell technology often based on a very poor level of understanding. The book will also be a useful resource to students both in school and University who want to begin their understanding of stem cell technology and become the stem cell pioneers of the future. Thorough training of our future physicians, scientists and businessmen in stem cell concepts will help resolve the problems we currently have in the clinical application of stem cell technology. The problem which we see today in stem cell technology, and the related regenerative medicine, is considerably magnified by the patient’s vulnerability, confusion, fear and blind trust in an atmosphere where the unwary can lose not only lots of money but also potentially their health.




    The Regeneration Promise offers truly new and thorough insight into stem cell technology and it is written in a style that anyone can easily understand. There is no complex terminology (except where absolutely needed and if the terminology is used then it is carefully explained) and the stem cell concepts are described in a simple and accessible style that can be enjoyed and understood by all readers. The book is aimed at the general public, potential patients, physicians, students, journalists and anyone with a general interest in stem cell technology. No specialist knowledge is needed, and most importantly the information the book contains is evidence based and has no bias or hidden agenda. The Regeneration Promise is therefore a reliable and trusted point of reference for anyone either interested in stem cells or considering treatment using stem cells.
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      Abstract




      A small body of determined spirits fired by an unquenchable faith in their mission can alter the course of history.


      Mahatma Gandhi




      Abstract




      Summary: This introductory chapter provides a general overview of the history of the development of the understanding of stem cell technology and the importance of stem cells to us all in everyday life. It provides important information on the basic science behind stem cell technology and it is an important foundation for readers to enjoy and understand the rest of the book.


    




    




    


    


  




  

    

      Interesting Times




      The year 1956 was interesting in many ways. Post-war recovery was progressing very well and new technology was being developed and brought into the home and the work place to make everyday lives easier and more productive. In the UK, luxuries such as the washing machine and vacuum cleaner were revolutionising the domestic role of women and optimism was high with the ending of rationing and a general post-war euphoria. In the Middle East, however, the ‘Suez Crisis’ brought great tension with Britain and France being drawn into military conflict in the area and Castro started a revolution in Cuba. Meanwhile, the first transatlantic telephone cable became operational while a young man called Elvis Presley was singing about his ‘Blue Suede Shoes’. It was, therefore, a year of some stress (not least dirty blue suede shoes), but at the same time, this was balanced by a ‘feel good’ factor perhaps enhanced by the newly discovered psychedelic drugs such as LSD and derivatives which would go on to dominate ‘flower power’ in the 1960’s. 1956 was also very important in the development of the understanding and clinical use of stem cells. Before we go any further with these ideas, it is necessary to properly understand what stem cells are and why they are important to us.


    




    

      Stem Cells Are Everywhere!




      Stem cells are present in every human being, mammal and some reptiles and no doubt will eventually be found in all species in some shape or form. Stem cell science is in its’ infancy and much more research is needed to come even close to an understanding of the importance and potential of stem cells. We can, however, be very certain that stem cells are essential for our normal development, normal health and possibly our ageing and eventual death. Stem cells may have been around since the first development of life on planet Earth (probably around 4.1 billion years ago) and no doubt exist in various types of life forms on other planets that are yet to be discovered (stem cells but not as we know it!).




      Even in the early 21st century, we still have a lot to learn about stem cell biology and how we can manipulate stem cells to our benefit for our general health, treatment of disease and treatment of accidents such as spinal damage or burns. The unique properties of stem cells enable them to repair and regenerate tissue in our bodies for the whole of our lifespan which first develop in the early embryo at the very beginning of life. When stem cells go wrong then they can become the basis of very serious diseases such as leukaemia and cancer and understanding the nature of these ‘tumour forming’ stem cells will lead to a better understanding of how tumours arise and how they may be prevented or treated.




      

        Bone Marrow Stem Cells




        The most studied human stem cells to date are found in the bone marrow. Bone marrow is found inside the large bones of our skeleton, such as the thigh bone and the pelvis (hip bone). Bone marrow stem cells were the first stem cells to be discovered following many years of research on mouse bone marrow. These bone marrow stem cells in humans are capable of producing 200 billion red cells (these carry oxygen into the body and carbon dioxide out of the body), 10 billion white cells (these fight infection) and 400 billion platelets (these help to produce clots when needed) per day. The bone marrow stem cells are therefore known as ‘blood forming’ stem cells and without them blood, and therefore human life, would not exist in its present form. This astonishing feat by bone marrow stem cells means that just over 2000 red cells, just over 1000 white cells and just over 4000 platelets are produced every second in every one of us! This is biology at its’ most efficient and elegant state and we still have lots to learn about the process of forming blood, which is a remarkable process starting in the very early human embryo and carrying on until death.




        The figures given above on blood cell production by bone marrow stem cells illustrate the importance of stem cells in our normal healthy lives and the enormous potential for problems when stem cells go wrong. The stem cells in the bone marrow are truly amazing but no less so than, for example, stem cells in skin which repair and rejuvenate our skin on a daily basis and stem cells in the whole of the gastrointestinal tract (mouth to anus) which repair and maintain the cells of this vital organ. Human life would be impossible without stem cells and when stem cells either stop working or become diseased then the consequences can be severe and sometimes even deadly.


      




      

        Back Again to 1956




        Getting back to 1956, the significant thing which happened this year in stem cell technology was the first human bone marrow stem cell transplant in the world. Dr E. Donnal ‘Don’ Thomas in the USA and his team were the pioneers and the patient was an identical twin who received bone marrow from her identical sibling. Identical twins have identical genetics, which means that tissue or cells can be transplanted from one twin to the other twin without any worry of rejection of the donated tissue or cells. The recipient patient twin would have been treated with chemotherapy (drugs which destroy cancer) and radiotherapy (X rays which destroy cancer) prior to the transplant. The donor twin would have undergone a bone marrow harvest under general anaesthetic to obtain the bone marrow stem cells for transplantation. Unlike a tissue transplant, such as a kidney transplant or heart transplant, bone marrow stem cells are transplanted to the recipient patient using the intravenous route (directly into a vein). This highlights an amazing feature of bone marrow stem cells: They can be injected into a vein and they find their way to the bone marrow where they ‘set-up home’ and begin making blood cells. This ‘homing’ of stem cells is a very useful property and is often utilised in stem cell transplants to other tissue where tissue specific stem cells can ‘home’ to the area of damage or disease and begin their repair process.




        In 1990, Don Thomas and his colleague Joseph E. Murray were awarded the Nobel prize for their pioneering work in bone marrow stem cell transplantation. Better late than never!


      




      

        Tissue Typing or ‘Tissue Matching’




        These early bone marrow transplants were soon followed by a clear understanding in 1968 of the importance of ‘matching’ donor and recipient or this matching is also called tissue typing or Human Leucocyte Antigen (HLA) typing. Donors and recipients of bone marrow can be ‘matched’ to avoid or minimise ‘rejection’ or what is technically known as graft versus host disease (GvHD). This work was carried out by Dr. Jean Dausset and his colleagues Dr George Snell and Dr Baruj Benacerraf. These three scientists shared the Nobel prize for their work on tissue typing in transplantation in 1980. Once again better late than never!




        The understanding of tissue typing meant that donor and recipient could be matched as far as possible, and therefore, the chances of rejection are considerably reduced. This made the whole process of bone marrow transplantation safer. This recognition of both Dr Don Thomas and Dr Jean Dausset and their colleagues by the Nobel committee illustrates the critical importance of their ground-breaking work, which is still the basis of many stem cell transplants today.




        Nevertheless, rejection (or GvHD) can be fatal for some transplant patients so understanding and applying this knowledge was a very important step in the development of safe bone marrow stem cell transplantation to unrelated patients. This advance meant that bone marrow stem cells could be transplanted between unrelated people with relative safety assuming that a 99-100% match between donor and recipient can be found. This has resulted in over 1 million bone marrow stem cell transplants globally to date and these transplants often used bone marrow stem cells obtained from large international public stem cell banks such as Anthony Nolan in the UK or the New York Stem Cell Foundation.




        This success in using bone marrow as a source of stem cells for transplantation marked the beginning of many years of stem cell research, extending to the present day, which in turn has made us aware of many different types of stem cells which exist in the body and their importance and potential. There will no doubt be many further discoveries in stem cell technology in the years to come, but the progress and innovation since 1956 and up to today have been beyond all expectations and let us hope that this momentum continues.


      




      

        From Embryos to Stem Cells




        The next important player in the stem cell story is Professor Sir Robert Edwards (known as Bob to his friends and colleagues) who worked at Cambridge University in the Physiological Laboratory (The Marshall Laboratory) and was a Fellow of Churchill College, Cambridge. Bob is much better known for his work in IVF (test-tube babies) as the pioneer of this technology, along with his physician colleague Mr Patrick Steptoe. Bob received the Nobel prize for his work on IVF in 2010. Unfortunately, Patrick Steptoe had died by the time the Nobel prize was awarded and therefore could not receive the award posthumously. Both Patrick and Bob can be seen in Fig. (1) which was at the first meeting of the European Society of Human Reproduction and Embryology (ESHRE) in Bonn in 1985. They were both dear friends, colleagues and mentors of mine and they are sadly missed by myself and hundreds of thousands of colleagues and patients around the World.




        Getting back to stem cells, in the 1960’s to the Noughties Bob Edwards wrote some very important papers about stem cell technology with an amazing insight and understanding of what was happening at the time and what may happen in the future. His focus was on stem cell development in the early embryo and his ideas were the inspiration for me when I carried out research for my PhD at Cambridge University with Bob as my supervisor. Bob died in 2013 but his legacy in IVF and stem cell technology lives on today in every baby born by assisted reproduction and in concepts and developments in regenerative medicine.
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Fig. (1))


        Bob Edwards (on the right) and Patrick Steptoe (on the left) at the first meeting of the European Society of Human Reproduction and Embryology (ESHRE) in Bonn. I presented the stem cell work from my PhD at this meeting.

      




      

        From Mouse to Man?




        It was the early 1980’s when a very handsome and intelligent young student, supervised by Bob Edwards, started research work to identify stem cells in the early mouse embryo (just after the mouse embryo has implanted into the uterus) and to attempt to use these cells to treat blood disease in other mice. Three years of research showed that there were indeed stem cells in the early mouse embryo and that these cells could be easily extracted and used to treat other mice suffering from blood disorders with great success. I created a very simple diagram of the basis of my work and made it into a 35mm slide, (Fig. 2). This slide travelled the World with Bob Edwards when he talked about my research at international conferences. It is perhaps one of the significant moments in regenerative medicine leading to some of the work and concepts we see today.




        The research also confirmed the extraordinary properties of stem cells in the developing embryo which seemed to be capable of crossing transplant barriers such as tissue type and producing donor cells at an amazing rate. Cynics might say that this is good news if you happen to be a mouse and they are in part correct. Taking such ideas and technology from mouse to man is a massive and expensive technological and logistical task which I will cover later. Nevertheless, the results were still interesting to the overall understanding of the rapidly developing field of stem cell technology and earned me a PhD from Cambridge University! I thank the mice without whom this knowledge would have been impossible to obtain, they are all heroes.
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Fig. (2))


        A basic 35mm slide of my work, drawn by me, which Bob Edwards used in many international conferences.



        In terms of Bob Edwards and IVF it is also interesting to note that sperm production is driven by stem cells in the adult testis. This is unlike the limited total number of eggs in a human female where no egg stem cells are present to replenish egg numbers. The presence of sperm stem cells (known technically as spermatogonia) in the testis results in the ability of a male to produce sperm, and potentially father children, for the whole of his adult lifetime. Sperm stem cells are today a subject of intense research as people try to understand and treat male infertility which is on the rise in the World.


      




      

        More Mouse Embryos!




        In 1981, another Cambridge academic, Professor Sir Martin Evans and his colleagues, described the first preparations of stem cells from mouse embryos before implantation in the uterus (unlike my own work which focussed on embryos after implantation in the uterus) and this resulted in yet another Nobel prize in 2007! This was considered to be a very important development because mouse embryonic stem cells were a new classification of stem cells which can produce most of the tissues in the body (known scientifically as pluripotent stem cells) and not just blood cells as described for bone marrow. Momentum was now really building up in the identification of different types of stem cells and because of the mouse stem cell discoveries many people started to talk about potentially treating a whole range of disease and physical damage (known scientifically as pathology and trauma respectively) with stem cells. This is the foundation of what we know today as Regenerative Medicine and is the subject of much hope and excellent research but at the same time, in some instances, much hype, misinformation and even scientific fraud!


      




      

        Stem Cells in The Blood




        The excellent initial work on bone marrow stem cell transplantation was further refined in 1981 when technology was developed to collect stem cells from the peripheral blood (veins) rather than bone marrow. This was a major step forward because a bone marrow harvest for transplant is a relatively painful procedure carried out under a general anaesthetic. The bone marrow is collected from the hip bone of the donor and there is often pain and bruising as a result plus the risk of receiving a general anaesthetic and bleeding and infection following the procedure. Dr J.M. Goldman and his colleagues discovered that it is possible to make stem cells come out of the bone marrow into the peripheral circulation (blood in the veins) by using medication. These bone marrow stem cells in the peripheral blood can then be collected using a process called ‘apheresis’ which is a very clever centrifuge. The donor is attached to the apheresis machine, by a highly trained nurse or apheresis scientist, and the stem cells are extracted from the donor blood. The rest of the blood cells and plasma go back to the donor after going through the apheresis machine. The stem cells which have been collected are then processed and frozen in liquid nitrogen so that they are ready for the recipient. These peripheral blood stem cells are most usually returned to the original patient after treatment has removed all disease. Such a process is often used in some diseases to collect stem cells from a patient suffering from a blood disease, treat the patient for the disease, and then return the original stem cells back to the original patient. This is known as an autologous transplant and it has become increasingly important in the routine treatment of blood disorders. This use of peripheral blood autologous stem cell transplantation was the original approach used by Dr. Goldman and his team.




        This process of collection of peripheral blood stem cells by apheresis made bone marrow stem cell donation easier and it has now become the stem cell collection method of choice for a wide range of leukaemia and related blood disorders. As a result of this improved method of collecting bone marrow stem cells from the circulation there are very few ‘traditional’ bone marrow collections carried out today with the first line choice for most transplant physicians being peripheral blood stem cells.


      




      

        Cord Blood Stem Cells




        The next important development in blood forming stem cell technology came from an unexpected source when in 1988 the first ever cord blood stem cell transplant was announced. This achievement was the culmination of about ten years previous research into cord blood which remains in the umbilical cord and placenta when a baby is born. It was discovered that this cord blood contains ‘blood forming’ stem cells and this led to the idea that these cord blood stem cells could possibly be used in a transplant in a similar way to bone marrow stem cells.




        The first ever cord blood transplant, carried out in Paris by Dr. Eliane Gluckman and her colleagues, was used to treat a little boy aged 5 suffering from a type of inherited genetic anaemia. The donor in this case was the newborn sister of the little boy and the patient, Matthew Farrow, is alive and well today as a result of receiving his new born sisters’ cord blood in a transplant. The use of cord blood as a source of stem cells has become a popular treatment method for leukaemia and blood disorders and there have been over 40,000 transplants to date for over 80 different blood diseases (this is pretty much every blood disease known!).




        Cord blood can be collected and stored by private cord blood banks who store the cord blood for a fee and it is then kept for the use of the family only. It can also be collected and stored by public cord blood banks where cord blood is donated and made available for transplant to anyone in need. These concepts relating to private and public cord blood collection and storage will be discussed in detail later in Chapter 4.


      




      

        Cord Blood Transfusion




        Cord blood has also been proposed and proven, by my dear friend and colleague Professor Niranjan Bhattacharya in Calcutta India, as a possible alternative or supplement to donated adult blood for transfusion. The use of cord blood as a transfusion product has been shown to be safe and effective for patients who need a blood transfusion when suffering from both disease and trauma. This concept could save lives globally, maintain a totally reliable source of valuable blood for transfusion and save hospitals and health care providers considerable amounts of money by reducing recovery times of transfusion recipients. The challenge here is to get people to accept this life saving technology and this will be discussed later in the book.




        All of the clinical transplants and the transfusions mentioned above have used ‘blood forming’ stem cells found in the bone marrow and umbilical cord blood. These stem cells can make all of the cells in the blood which as described earlier are red cells, white cells and platelets. I have mentioned the discovery of mouse embryonic stem cells but of course these had no role in the treatment of humans but did spur researchers on to seek out the possibility of human embryonic stem cells in human embryos.


      




      

        Human Embryonic Stem Cells




        During my time as one of the first clinical embryologists in the world, working in the early 1980’s at the first ever IVF clinic at Bourn Hall in the Cambridgeshire countryside, I would look down the microscope and see human embryos develop. Their beauty and symmetry were amazing. It was an awe inspiring and privileged sight to be one of the first human beings to see the start of human life. When we looked at these embryos Bob Edwards and I knew that these human embryos must contain stem cells and that one day, in theory, these stem cells could possibly be used to treat disease and to repair tissue. A typical human blastocyst, which is probably one of the first images of this kind taken by myself at Bourn Hall Clinic, is shown in Fig. (3).
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Fig. (3))


        One of the first ever images of a hatching human blastocyst, taken by the author, at Bourn Hall Clinic in the early 1980’s. The embryo is held on a glass holding pipette (left) and a micro-knife (right) is approaching to biopsy the embryo.



        We also knew however that such a use of human embryos would be highly controversial from a legal, ethical, religious, moral, technical and regulatory viewpoint. Our main concern focussed around the fact that to obtain human embryonic stem cells from a human embryo requires the destruction of a human embryo which is of course destruction of a potential human life. This is a powerful and emotional debate and not one which we as scientists really had the insight or knowledge to resolve despite long and complex discussions with everyone from scientific colleagues to the Pope.




        In terms of human embryonic stem cells the discussions really began in earnest in 1998 when James Thomson and his team in the USA announced the creation of the first human embryonic stem cells in the laboratory. This discovery led to fierce scientific debate, lots of media hype and politicians, theologians and medical ethicists joining the fray. Exciting times for stem cells!




        The considerable noise and media interested created by the discovery of human embryonic stem cells did not deter other researchers from seeking out stem cells from other tissues in the body. Since we now knew about both mouse and human embryonic stem cells (known generally as embryonic stem cells) the other tissue-based stem cells such as bone marrow became known as adult stem cells. Those stem cells derived from a pregnancy such as cord blood became known as fetal stem cells. It is possible that you have seen the word ‘fetal’ spelt as ‘foetal’. Everyone now accepts that the correct spelling is ‘fetal’.
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