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    FOREWORD




    


    


    


    


    


  




  

    As a woman first, and as passionate researcher second, I was always attracted by what did represent Marie Curie and her breakthroughs for the entire scientific world. One of my favorite quotes is:




    “We must not forget that when radium was discovered no one knew that it would prove useful in hospitals. The work was one of pure science. And this is a proof that scientific work must not be considered from the point of view of the direct usefulness of it. It must be done for itself, for the beauty of science, and then there is always the chance that a scientific discovery may become like the radium a benefit for mankind”.




    

      Marie Curie

    




    For me this means that as researcher we must find passion in what we make to trigger the “out of the box” thinking and to realize the unimaginable. When I was a student I meet two distinguished researchers Francesco Zinno, and Nicola Daniele whom introduced me with the main goals of the hematopoietic stem cells (HSCs) manipulation processes. Cell therapy helped the mass implementation of one the breakthrough that changed the way of making medicine, the regenerative medicine. Regenerative medicine involves the use of some of the most advanced therapeutic technologies of the 21st century. We can define this branch of medicine as methods to replace or regenerate human cells, tissues or organs in order to restore or establish normal function with the use of cell therapies, tissue engineering, gene therapy and biomedical engineering techniques [1]. The rapid pace of the supporting science is likely to see its application across ever increasing fields of clinical practice. This book’s main aim is to ponder on the importance of the regenerative medicine under the success that this area was given by stem cell research, and cell- and gene-based therapy. To start this journey, authors decided to give a general picture of the biology of human stem cells and their classification, to introduce the reader with their unique and extraordinary properties. After that, they continued with a typology-based structured analysis of the potentiality of these cells to upgrade the therapeutic treatments.




    They explain better the actual use of the stems cells and stems cells-like for regenerative therapeutic purpose such as:




    

      	Cell-therapy approaches in neurologic areas such as Parkinson’s disease;




      	Retinal repair;




      	Optic nerve regeneration;




      	Reconstruction of the tissues in cases of burn;




      	Bladder repair;




      	Liver diseases;




      	Angiogenesis and cardiac repair.


    




    Authors continued with the researches that aim to reach and overstep the actual bounders of the “personalized medicine” to underline the stage of evolution and the infinite possibility of this new outstanding way of thinking on medicine. This book outline an attractive promotion of the present and future benefits of mankind from the discovery of stems cells and their use on the regenerative medicine. The more we know about stems cells the more we approach with the potentiality of human body to heal its self.




    

      Entela Shkëmbi


      Semiology Laboratory Manager


      Dani Infertility Clinic


      Tirana


      Albania
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    This eBook entitled “Toward the Future: The New Challenges of the Cell Therapy and Potential of Regenerative Medicine” comprises chapters written by the leading experts in this field that provide state-of-the art information about the developments in important selected areas of Regenerative Medicine.




    Regenerative Medicine is the process of creating living, functional tissues to repair or replace tissue or organ function lost due to age, disease, damage, or congenital defects.




    This field holds the promise of regenerating damaged tissues and organs in the body by stimulating previously irreparable organs to heal themselves.




    Regenerative Medicine also empowers scientists to grow tissues and organs in the laboratory and safely implant them when the body cannot heal itself.




    Importantly, Regenerative Medicine has the potential to solve the problem of the shortage of organs available through donation compared to the number of patients that require life-saving organ transplantation.




    Regenerative Medicine is also one of the fastest growing biomedical industries in the world because patients are being cured of diseases that were once incurable. Moreover, this field represents a new paradigm in human health because the vast majority of treatments for chronic and life-threatening disease focus on treating the symptoms, not curing the disease.




    In fact, there are few therapies in use today capable of curing or significantly changing the course of a disease.




    Stem cell therapy, when combined with immune and gene therapy, shows even greater potential to cure diseases. This new combination of regenerative cell therapies will open a new age of medicine, forever changing how it is practiced.




    We would like to express our gratitude to all the Authors for their excellent contributions. We would also like to thank the entire team of Bentham Science Publishers, particularly Dr. Humaira Hashmi and Prof. Atta-ur-Rahman for their excellent efforts. We are confident that this Volume will receive wide appreciation from students and researchers.
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      Abstract




      Stem cells are always regarded as cells with unique and extraordinary properties. SCs are able to self-renew and differentiate into specialized cells and this is a great advantage to maintain homeostasis in the body. The cells can divide with two different strategies and they are influenced by intrinsic and extrinsic factors of their microenvironment in which there are: the niche. The internal signals are represented by the genetic information of the cells, the external signals come instead from the microenvironment and they are physical or chemical signals. Stem cells are classified into embryonic stem cells and adult stem cells. Embryonic stem cells are derived from the inner cell mass of the blastocyst, these have great potential and over the years researchers have studied their properties and the importance of keeping them in appropriate culture conditions. Adult stem cells are found in a large number of tissues and have the very important role to replace damaged cells in living tissue. SCs can also be classified according to their potential, so they can be defined as totipotent, pluripotent, multipotent and they can differentiate respectively in a decreasing number of specialized cells of the body.
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      INTRODUCTION




      Stem cells (SCs) have unique features because they are an undifferentiated kind of cells, that have capacity to renew themselves and that can turn themselves into many different cells types with specific functions. SCs have the important role to




      maintain the homeostasis in the body because in some organs they can renew, maintain or replace damaged tissues. In other organs they also can divide under special conditions [1]. The potential of SCs consists of dividing themselves without limits to renew cells and tissues, and the cells that resulted from this division can remain stem cells or become specialized type of cells [2]. The ability of SCs to “self-renew” or to generate differentiated cells can be defined by some signals derived from the special microenvironment of stem cells that is defined as “niche”. In 1978, Schofield developed the hypothesis of this environment that could maintain the proprieties of stem cells [3, 4]. In the niche, cells can be influenced by internal and external signals to divide themselves by two different mechanisms: symmetric or asymmetric strategy [5]. Asymmetric division is characterized by the generation of a daughter with stem-cell fate and a cell that differentiates into different types. This mechanism is useful because of the production of two products with a single division but it can be considered a problem because it is not able to expand the number of stem cells. Over the years a lot of studies were carried out to describe the mechanisms that rule this type of division [6-9] and today it is possible to describe two different types of them: intrinsic or extrinsic mechanism. The second type of division is the symmetric one, that is defined by the ability of stem cells to divide themselves symmetrically to generate two stem cells or two differentiated cells. This type of division can be considered useful during wound healing and regeneration [10].




      During the differentiation SCs lose their special condition of unspecialized cells, and this process is controlled by several steps and it is lead by internal and external signals. The internal signal consists of the information that is contained in the DNA and the external is represented by physical or chemical signals coming from the microenvironment. The combination of these elements regulates the behavior of stem cells [1].




      There are different types of SCs, that can be classified into two groups: embryonic and adult stem cells [2]. According to their potential of differentiation, stem cells can be classified as totipotent, pluripotent or multipotent stem cells. Totipotent stem cells are capable to generate all the body because of their high capacity for differentiation. Pluripotent stem cells have the ability to form about 200 kinds of differentiated cells but not an organism, and finally multipotent stem cells can define cells of specific tissue. Haemopoietic stem cells can be considered multipotent stem cells because they can form any blood cells but not other tissues [11].




      

        Embryonic Stem Cells




        In 1981 researchers discovered how to isolate embryonic stem cells from mouse embryos. At the end of nineties, in 1998, scientists described a method to derive stem cells from human embryos and how to grow them in culture [12-14]. They were defined human embryonic stem cells. In the early steps of embryogenesis, 3 or 5 days after the fertilization, the blastocyst is formed. It is composed by three parts, the trophoblast, an hollow cavity inside and finally the inner cell mass (ICM). This cell mass is composed by a special type of cells, that have the extraordinary potential to differentiate into a significant number of specialized cell types [15]. Embryonic stem cells can be maintained in culture in their undifferentiated state for a long time but they require appropriate conditions because gene expression and property of cells can be influenced by the environment [16, 17]. These cells are characterized by the expression of some specific transcription factors such as OCT3/4, NANOG and SOX2 [18]. The transcription factors OCT4, SOX2, NANOG control the expression of genes including other transcription factors such as STAT3, HESX1, FGF-2 and TCF. Moreover these transcription factors control signaling elements that are necessary to maintain the stem cell state and they repress some genes that would stimulate differentiation [19]. Embryonic stem cells retain the ability to differentiate themselves into many types of cells representing the three germ layers consisting of endoderm, mesoderm and ectoderm [20].


      




      

        Adult Stem Cells




        Human tissues are able to adapt themselves to different environmental conditions and to use a certain plasticity to survive in different circumstances. This is possible thanks to the presence of adult stem cells [21]. These cells are undifferentiated and they are among differentiated cells in tissues or organs and they live in specific areas defined as “niches” [1-22]. Niche is sensitive to the different hormonal signals or those coming from the microenvironment and can direct the cells to a division and differentiation to ensure homeostasis. Adult stem cells are in a state of quiescence until it comes a stimulus that signals them to differentiate [21]. These cells can divide and differentiate to maintain the homeostasis of living parts of the body because they can replenish dying cells or damaged tissues [23]. Studies about adult stem cells begun in 1950s when researchers discovered special cells in the bone marrow. These cells have been identified in many tissues and organs such as bone marrow, brain, skin, heart, skeletal muscle, teeth, gut, liver, ovaries and testis [1-21]. Among adult stem cells, it is possible to distinguish their different types: hematopoietic stem cells characterized by specific surface markers, and stromal stem cells or mesenchymal stem cells. Hemopoietic stem cell are multipotent stem cell that are able to divide themselves to form blood cells. These cells have a very high rate of differentiation because every day billions of new blood cells are formed. Hemopoietic stem cells are characterized by the expression of some surface markers such as CD34, CD38, CD59, CD133 [24]. Mesenchymal stem cells are characterized by the expression of different surface markers but they do not express those that are specific of hematopoietic stem cells [25]. According to the criteria established by the International Society for Cellular Therapy, mesenchymal stem cells are identified by their ability to adhere to plastic when they are in culture, and they express surface markers such as CD29, CD44, CD90, CD49a-f, CD51, CD73 (SH3), CD105 (SH2), CD106, CD166, and Stro-1. Moreover they do not express CD45, CD34, CD14 or CD11b, CD79a or CD19 and HLA-DR surface molecules. Mesenchymal stem cells are able to differentiate themselves into osteoblasts, adipocytes and chondroblasts in vitro [26]. These cells are defined 'mesenchymal' as they have the ability to maintain the homeostasis of adult mesenchymal tissues [27] because they can develop into more than 200 types of cells [23]. Over the past few years, an important source of adult stem cells has been identified in the dental pulp. The cells in this space match to the criteria of the International Society for Cellular Therapy that define mesenchymal stem cells [28].




        In 2006, the scientific world was attracted by a major scientific breakthrough: it was discovered the ability to reprogram somatic cells and bring them back to their pluripotent state through the manipulation of some transcription factors was discovered. These cells were termed “induced pluripotent stem cells” (iPSCs) and they are characterized by the ability to differentiate into the three germ layers just like embryonic stem cells [25]. IPSCs are similar to embryonic stem cells because of their cell morphology, cell-surface markers, telomerase activity, proliferation but there are some differences in gene expression between iPSCs and embryonic stem cells. Nuclear transcriptomes are more complex in embryonic stem cells than in iPSCs [29, 30].




        Fetal stem cells, derived from the lifeless bodies of fetuses obtained by spontaneous abortions or still birth, can also be taken from the surgery of ectopic pregnancy. These cells are similar to adult stem cells because they can form a more limited number of cell types [31].
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      Abstract




      The hematopoietic stem cells (HSCs) are a population responsible of the hematopoiesis’s process; they have the characteristic to repeatedly divide or they can mature to generate different cell types, through the process of hematopoiesis. In this regenerative process, the cells are organized in a hierarchical structure: at the summit there are the hematopoietic stem cells and to the base, there is the progeny in differentiation. Hematopoietic cells commissioned to a particular hematic spinneret can be induced to convert themself in cells of the different spinner; another important feature of HSC is plasticity, that is the potential differentiation, thanks to which the cells are capable to undertake phenotypic and functional characteristics of other organs or tissues.




      The process of hematopoiesis is regulated by numerous external and internal factors which operate on transcriptional level; this factors can also interact with each other.




      Recently, knowledge about HSCs increases more and more; which allows their application also in clinical scope, to permanently treat serious pathologies.
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      INTRODUCTION




      Hematopoietic stem cells are responsible for the making and turnover of all corpuscular blood’s elements; all blood cells originate in fact to pluripotent




      hematopoietic stem cells (PHSC) which constitute 0 0,1% of the nucleated cells in the bone marrow;




      Basically, the main characteristics of these cells are:




      

        	the ability to self-renew, or to replicate for many cell cycles;




        	non-specialization, as not being mature cells can not carry out any kind of position within the organization;




        	may accrue as a result of specific molecular signals and develop themself through a process of differentiation.


      




      Generally these cells are in a quiescent state and remain undifferentiated for indefinite time; in response to various urges they interrupt the quiescence to begin their cycle of mitotic division [1].




      Normally, very few HSCs are delegated to the regeneration of hematopoietic cells at any one time; the other remain in the G0 phase of the cell cycle. In fact we know that the blood cells have a limited survival, around 120 days. Their brief existence is linked to the ability to make the most of their task of defense against infection and transport oxygen to tissues; for this reason they must be constantly replaced with new differentiated cells that are fully functioning [2].




      This regeneration process takes the name of hematopoiesis and starts from the stem cells present in bone marrow, which divide mitotically and / or differentiate into two classes of multipotent hematopoietic stem cells: the first, the colony forming unit S (CFU- S), will give the cells of the myeloid lineage, including erythrocytes, granulocytes, monocytes and platelets; the second, the colony forming unit- LY (CFU- Ly), is a precursor of the cells of the lymphoid lineage, comprising B and T lymphocytes.




      After numerous studies and observations, different antigens have been identified on the outer surface of these cells; on the presence or absence of these molecules, hematopoietic stem cells of man can be divided into two separate classes: cells CD34+ / HLA-DR+ / CD38-, which can divide themselves and became in different type of blood cells, and CD34+ / HLA-DR- / CD38- which can be differentiated in hematopoietic precursors and stromal cells [3].




      

        Identification of the HSC and Role of the CD34 Antigen




        With the aim to study more details of the hematopoietic stem cells, it was necessary to identify and isolate them from all other stem cells and from mature cells. Most of the time the problem that scientists encounter encountered in the identification of these cells, it was the lack of instrumentation. The absence of appropriate methods and technologies to support, have been a major obstacle to the study of this type of cells.




        The overcoming of certain limits, in fact, lead to the discovery of the CD34 antigen subsequently; the application of new knowledge about its expression, have proven extremely useful to be able to identify exactly hematopoietic stem cells, in opposition to those already differentiated. In addition the HSC, before maturing, have an increased degree of differentiation and a decrease in the self-renewal capacity, the multipotency and the proliferative potential.




        As mentioned earlier, the hematopoietic stem cells express different antigens on their outer surface; among which the most significant is the CD34; it is a trans-membrane glycoprotein which is expressed by the cells only in certain stages of development, when these cells are still immature. The distribution clonal of this antigen varies according to the different moments of cellular development. Consequently, the progenitor cells express the highest levels of CD34, while in cells that are maturing the presence of CD34 receptors on the cell surface decreases drastically [4].




        Discoveries and studies in the field of hematopoietic stem cells, were made possible thanks to methods of cell separation using several techniques, including:




        

          	the marking of the cells with monoclonal antibodies (mAb) which, being specific for certain antigens, put in evidence the presence or absence of the receptors on the cell surface, temporarily took under consideration;




          	separation with marbles immunnomagnetiche;




          	the high-affinity chromatography, based on the interaction between avidin and biotin;




          	and finally the flow cytometry.


        




        The last cited technique appeared in the late 60 ' but effectively it became of fundamental importance only in the 80 ', when technological development has produced more and more modern equipment available. Flow cytometry allows to observe the physical and chemical parameters of the cells that are suspended in a certain medium, and today is widely used in the diagnosis of hematological diseases [5].


      




      

        Factors of Differentiation




        The mechanisms, that induce hematopoietic stem cell to mitotically divide or differentiate into different cell lines and subsequently mature, have not yet been definitively clarified; surely, a central role has the connection between the transcriptional regulation of few genes and the role played by a class of molecules, cytokines, such as the factor of stimulation of hematopoietic colonies.




        Some of these molecules are primarily factors that can have a dual role of stimulators or inhibitors of the development, such as interleukin 4 (IL -4); among the factors inhibitors, several cytokines deserve attention because they appear to be effective at very low concentrations. These include interferons, tumor necrosis factor alpha (TNF- alpha), transforming growth factor beta (TGF beta), the inflammatory protein alpha (alpha MIP1) [6].




        Many of these cytokines are highly specific for the line of differentiation that the cell choose to mature.




        Recent studies have shown that, other cytokines are involved with the function to prevent the process of apoptosis for some cells [7].


      




      

        Plasticity of Hematopoietic Stem Cells




        Recently, studies on hematopoietic stem cells of the bone marrow have unearth an important feature of these cellelule: plasticity.




        HSCs possess a high degree of functional plasticity, which allows them to migrate in some districts of the organism and to generate non- hematopoietic tissues [8]. Subsequently to results of various experiments it has been observed that hematopoietic stem cells taken from the bone marrow of a donor and transplanted into a recipient organism, they can migrate and be found in many organs; more precisely they can mature into:




        

          	on oval cells to generate the liver tissue;




          	cardiomyocytes and myocytes respectively in the myocardium tissues in the and skeletal nerve tissue;




          	neurons and oligodendrocytes in the central nervous system;




          	tubular epithelial cells in the kidney;




          	islet beta cells in the pancreas;




          	Clara cells in the lung tissue;




          	finally, in the cells localized in the skin and in the gastrointestinal tract.


        


      




      

        Clinical Application




        Subsequently to a deeper understanding of the role and potential of these cells, recently the focus in this regard is aimed to their use in a clinical setting. Many types of leukemias, lymphomas and autoimmune diseases (Follicular lymphoma, Hodgkin's lymphoma) may be treated to the use of CSE. The bone marrow and the peripheral blood, in addition to umbilical cord blood, are the only sources of immature hematopoietic precursors. In the bone marrow, hematopoietic stem cells comprise approximately 3% - 5%, while in peripheral blood instead 0.03% - 0.05%. Considering the type and stage of disease, and the patient's condition, it is necessary to increase the cell population in order to modulate the therapeutic effects.




        To increase the number of circulating hematopoietic progenitors or HSCs in the peripheral blood, one technique called “mobilization” is implemented [9].




        This procedure is necessary for to ensure the adequacy and success in case of harvesting of HSCs, also with a single apheresis. Among the elements used to mobilize the HSCs, are included the cytokines administered in presence or absence of chemotherapeutic factors, in the period prior to withdrawal. Experimental results indicate that a more efficient sampling is obtained when the patient is simultaneously subjected to administration of hematopoietic factors and chemotherapeutic agents, at high doses, compared to the two elements used individually. This result highlights a synergistic effect of these two factors in the process of mobilization.




        The use of chemotherapeutic and growth factors not only results in a higher release of immature hematopoietic stem cells, but they result in a significant increase of the total number of cells, compared to the conditions at which there isn’t this type of treatment.




        This allows the collection of a sufficient number of hematopoietic progenitors and their subsequent use in the clinical setting for patients suffering from various diseases, including for example:




        

          	leukemias and lymphomas;




          	myelodysplasia;




          	myeloma;




          	bone marrow aplasia;




          	Shortcomings of the bone;




          	Congenital disorders such as blood diseases, hemoglobinopathies or serious immunodeficiencies [10].


        




        In case of hematological diseases, in fact, subsequently to cycles of chemotherapy or radiation therapy, the patient is treated with CSE; he undergoes to autologous or allogeneic transplantation, if the hematopoietic stem cells that him receives are belonging to a compatible donor.




        For what concerns the autologous transplant, the mobilization is initially induced in the patient by administering of chemotherapy; it is performed a count of CD34+ hematopoietic stem cells by flow cytometry and if there are still malignant cells, it’s appropriate an eventual purification.




        The measurements of the patient's leukocyte cells are used to determine the appropriate time to start collection procedures. Finally HSCs are preserved and the subsequent cryopreserved at temperature of -196°C in liquid nitrogen. At the time of transplantation, the cells undergo to a rapid thawing and infusion into the patient. Autologous transplantation is primarily indicated for solid tumors and in selected cases of acute myeloid leukemia, acute lymphoblastic leukemia and lymphomas. The use of autologous peripheral blood stem cells is characterized by more rapid recovery of the patient, with possible reduction of infectious and hemorrhagic complications, and a shorter duration of supportive care and hospitalization, compared with bone marrow transplantation.




        Allogeneic transplantation is a therapy indicated when the disease cannot be cured with conventional therapies less risky or when these cannot ensure a permanent cure, for example in case of patients affected by pathologies oncohaematological. Allografts from alternative donors such as unrelated individuals or Employing umbilical cord blood must be considered for patients with disease refractory to immunosuppressive therapy. The medullary liquid is directly withdrawal from bones or, thanks to new methods, through apheresis. Preserved in transfusion bags, it’s transplanted to the recipient intravenously such as a simple transfusion.




        Before to the reinfusion however, the patient must follow cycles of radio - chemotherapy at maximal doses, potentially myeloablative; this is necessary to able to totally eradicate the marrow of the patient and, in the case of malignant diseases, also the residual cells of the disease. This technique takes the name of the “conditioning regimen”. The “conditioning regimen” suppresses the marrow of the patient in an irreversible way. The collected cells are infused intravenously in peripheral blood and they having the task to repopulate the bone marrow, producing a new hematopoietic system and immune system. The conditioning regimen is a method also useful to suppress the immunological reactivity of the recipient, so as to avoid the phenomenon of rejection or that of the chronic graft versus host disease (GVH) [11].




        In allograft, there is an important limitation: the problem of the exact compatibility between donor and recipient. If the HLA system of the patient is not sufficiently equal to the donor, the transplant can become very dangerous for the occurrence of complications. Usually family members have enough an HLA similar to be useful as subjects donors, but there is only 25% of the probability that a relative can be effectively. In the case where this is not possible, there are donor’s banks to which may be required to find a Matched Unrelated Donor (MUD). Besides to the identity between HLA systems, the success of the transplant between non-consanguineous, also depends on other variables to consider, such as the type of the disease, the stage of development of pathology, conditions of the patient [12].




        It happiness because the patient, in the weeks before allograft, should be subjected to extremely aggressive therapies. That therapies expose the patience to infections because of immune deficiency; subsequently to transplantation instead, many months are necessary for the recovery of normal immune functions and avoid to complications such as GVHD, immunodeficiency longest expected and/or recurrence [13].




        As regards the application of hematopoietic stem cells in a clinical setting, it’s important remember that a very important role has recently been attributed to the blood from the umbilical cord. In recent years, in fact, it has become increasingly common practice to retain the newborn’s umbilical cord, immediately after birth. Several banks appointed to the cord blood preservation have emerged in recent years; blood containing hematopoietic stem cells is thus stored and the storage of stem cells can occur for many years.




        The retention periods are so long term that if ever the child will not have necessity for himself, the cells could be used also by another member of the family, in the case the subject is compatible to transplantation. In fact it was discovered that, in opposition to which happens in allogeneic transplants with stem cells taken from circulating blood or bone marrow where there must be a very good compatibility between recipient and donor, the use of blood belonging to the umbilical cord does not need the same high compatibility.




        Most recent studies have allowed treatments with the use of stem cells from the umbilical cord; this discovered are innovative and research is in continually movement to improve the applications and find new potentiality of stem cells.




        Now, some diseases are not yet treatable through the use of hematopoietic stem cells but in the near future probably, new discoveries will extend the application not only to those currently treatable diseases, but also to those that are still totally unknown to our.
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