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      Summary


      Cellular therapy involves use of whole cell or cell cytoplasmic macro-molecular inclusions and their derivatives as resources for treatment and management of diseases and their complications in animals and humans. The use of these biological and bio-medical resources in modern times is increasingly gaining popularity within the community of health care givers. This has become so in recent years mostly because of the ever increasing availability of new cell-derived therapeutic agents or cytoceuticals. These cytoceuticals of stem cellular origin are being developed from the painstaking research and manipulative developmental effort of bio-molecular scientists, curious and intuitive health care givers and the organized global business community including persons interested in regulatory ethics.


      The diversity of multipotent stem cells and the availability of induced pluripotent stem cell (iPSC) reprogramming technologies have widened the possibility of fast-tracking personal regenerative medicine as well as reducing many fears inherent in ethical and religious concerns. Many tissues and organs of the animal or human body have been partially or wholly regenerated from stem cellular proliferation and differentiation. Therefore, cytoceuticals derivable from a combination of biological and non-biological materials (e.g. chemicals) will become abundant in the near future as they are being developed in various laboratories, and efficacy trials in clinical settings around the world are giving out their reports. Enhancement of circulatory stem cell populations using exogenous substances or by direct injection of cytoceuticals will give rise to novel pharmacological principles. Conceivably, cellular therapy has become a relevant part of curriculum development for training in health sciences and services. Ethical and regulatory principles of good laboratory practice as well as current good manufacturing practice will naturally apply to this emerging health-related discipline.


      Toxicity screening being a relevant aspect of drug development prior to commercialization is currently taking a center stage. Therefore, acute, sub-acute and chronic toxicity screening modules have been developed using a variety of stem cell models. For example, using mouse spermatogonial stem cells, it has been demonstrated that hydroxyurea induces DNA damage and causes male reproductive toxicity [1,2]. Also, mouse embryonic stem cells can be used for testing for chemical mechanisms of disruption of differentiation and cell growth [3].


      Introduction


      The global quest for a slight paradigm shift from traditional clinical management of diseases pattern including alleviation of pain and suffering reminiscent of post "Materia medica" period to a technology-exploited evidence based personalized medicine in the current millennium cannot be over emphasized. Fontes and Thompson [4] and Osunkwo, [5] (review) and Yingai Shi and Yuanyuan Zhang [6] have pointed out that the high survival of stem cells in culture and their stability during proliferation and differentiation enables scientists to manipulate them for various types of cellular studies. However, all parties seem to agree that prior to exploitation of new technologies, there has to be strong evidence in favor of human and animal safety, efficacy and quality of cellular preparations, as well as marketability of products arising from adopted new technologies.


      An improved understanding of the dynamics of pluripotent stem cells which started with embryonic stem cells (ESCs) reported to have been derived from human blastocyst [7] and progressed to induced pluripotent stem cells (iPSCs) has taken place mostly in the last twenty five years. Studying the dynamics of ESCs [8] revealed the capability of these cells to effect repair of cells and tissues of the animal body (see Review by [9,10]) as well as a capability to reversing the temporal changes associated with tissues and organs [11] see Review [12] to a large extent. Similarly, iPSCs [8,13,14] have remained a recent biotechnology process from which human somatic cells [15] and body tissues have been produced including functional cardiomyocytes [16], hematopoietic and endothelial tissues [17], spinal muscular tissue [18], skin [13], liver and kidney [19] among many others.


      According to Verma, et al. [10], genetic engineering, innovative cell culturing and induced pluripotency which generate various types of stem cells now make it possible to apply porcine stem cells for cardiac cell therapy and for innovative research. Moreover, the ready availability of stem cells for transplantation purposes encourages their application for clinical purposes. For example, Azzopardi and Blundell [20] have reported in their review article on umbilical cord stem cells that these cells can serve as a source of hematopoietic stem cells for transplantation. Jinhui Shen, et al. [21] also reported that peritoneal dialysis effluents can serve as a novel source of hematopoietic stem cells.


      Attempts have been made by several scientists to define and characterize stem cells [4,5,22]. According to [22] stem cells are considered progenitor cells that can indefinitely (in appropriate medium) self-renew and differentiate giving rise to more specialized cells and tissue. These authors characterized stem cells by a multidisciplinary approach using morphology, expression of markers as observed by flow cytometry and fluorescence analysis, real time polymerase chain reaction, in addition to proliferation and differentiation [22]. For spermatogonial stem cells [5,23,24], they have been suggested to possess tremendous potential for treating many medical conditions [6,25], have been reported to be isolated as pluripotent stem cells from neonatal mouse testis [26] and have also been reported to convert to pluripotent stem cells in-vitro [27].


      Development of animal [23,28-34] or human [35-38] induced pluripotent stem cells (iPSC) is a major positive step that will enhance research and development on cellular bioactive materials (including organoid research technology). Cytoceuticals (as these new cellular materials may be called) derivable from various cells and tissues of human and animal bodies and applicable in clinical and experimental therapeutics are currently numerous and commercial interests involved in trials and evaluation have been reporting their findings in the last fifteen years. Organoids can be described as miniature organs elaborated from stem cells and progenitor cells which carry with them, and genetically express, the full complement of the genetic code of their main organs (see reviews by [39-41]. They are therefore made up of macromolecular materials derivable from within stem cells and they possess a potential to alter functionality of cells and tissues when co-cultured with exogenous substances like chemicals or biologicals like viruses. Already existing examples include organoids of brain, intestine, heart, etc. (see review by [42]. When the potential of these macromolecular compounds become beneficial to correction of disease states then they may be described as cytoceuticals (cellular therapeutic agents).


      Acute and chronic safety concerns for these new cellular materials have variously been expressed. For example, in determining a developmental toxicity index, cellular differentiation process into neuronal precursor cells was reported to be disturbed following the addition of test chemicals into the culture space [43-47] see Review by [48] in his review of the use of stem cells for in vitro toxicity tests reported that stem cell derived hepatocyte and cardiomyocyte-like cells have featured prominently and that although a small catalog of chemical substances have been tested, validation studies that will enable application of this cytotoxicity results to human toxicity studies are yet to be done [48].


      Stem Cell Toxicity and Apoptosis


      Some cell types have been assessed for safety implications in both experimental and clinical settings. In a study [1] to assess hydroxy urea-induced toxicity, mouse spermatogonial stem cells were used. These investigators reported that hydroxy urea induced DNA damage, Reactive Oxygen Species (ROS) formation, and apoptosis in the spermatogonial stem cells thereby suggesting that mouse spermatogonial stem cells could be a useful model to predict male reproductive toxicity [1]. Another study [49] examined the possibility of manipulating the basement membrane of seminiferous tubules and the blood-testis barrier for the purposes of transducing viral particles into the microenvironment of spermatogonial stem cells. They found out that adeno-associated virus microinjected into the seminiferous tubules penetrated both the basement membrane and blood-testis barrier, transducing Sertoli cells, SSCs, peritubular cells and Leydig cells thereby allowing germline and niche manipulation [49].


      It is important that specific mechanisms of cytotoxicity and apoptosis be looked into. Hexavalent chromium, Cr(VI), was reported to be cytotoxic to both male somatic cells and SSCs in a dose-dependent manner and also induced mitochondria-dependent apoptosis by inducing oxidative stress [50]. Futhermore, these authors stated that Cr(VI) is cytotoxic and impairs the physiological functions of male somatic cells and SSCs specifically by affecting the differentiation and self-renewal mechanisms of SSCs, disrupting steroidogenesis in TM3 cells, while in TM4 cells, the expression of tight junction signaling and cell receptor molecules was affected and the secretory functions were impaired [50]. Intratesticular injection of busulfan into mice prior to spermatogonial stem cell transplantation has been reported to be safe and non-toxic [51] suggesting that busulfan which causes hematopoietic toxicity, may be attenuating this untoward effect through a yet unknown mechanism.


      In their study on the extent to which programmed necrosis (necroptosis) contributes to iPSCs induction, Al-Moujahed, et al. [52] reported that receptor-interacting protein kinase 3 was vital to iPSC reprogramming. This suggestion supports the notion that apoptosis-inducing caspases play a positive role in the process of iPSCs reprogramming.


      Biocellular Materials and Mechanisms of Action of Cellular Products


      Stem cells are bio-cellular materials of animal origin from which other cells and tissues and organs are naturally derived. By natural in situ bio-engineering processes, stem cells can renew themselves (proliferation) and can also differentiate into all other types of cells (processes described as pluripotency, totipotency and multipotency). Through these natural bio-engineering processes, stem cells in the developing embryo, haematopoietic system, messenchymal tissue, neural network, cord blood, testicular tissue, retina and cancerous tissue have sustained the replacement of the temporal damages to the organs in which they are situated. The mechanistic action of stem cell materials in their attenuation of disease conditions has become of significant interest to many scientists. In a study of their intrinsic immunosuppressive properties, mesenchymal stem cells from iPSC were observed to alter phosphorylation and T cell-specific kinase, Protein Kinase C theta, cellular localization thereby attenuating severity of the disease, and prolonging humanized mouse model survival [53].


      Melatonin (an antioxidant) improves spermatogonial stem cells transplantation efficiency in azoospermic mice [54] and melatonin also relieves busulfan-induced spermatogonial stem cell apoptosis of mouse testis by inhibiting endoplasmic reticulum stress [55]. Furthermore, melatonin was investigated for its effects on the proliferation efficiency of neonatal mouse spermatogonial stem cells [56]. The authors reported that supplementation of their culture medium with 100 µM melatonin significantly decreased reactive oxygen species (ROS) production in the treated group compared with the control group, and also increased SSC proliferation. From these reports, melatonin becomes an important molecule for use in manipulation of epigenetics, pluripotency, regenerative medicine and cell therapy.


      The therapeutic potentials of biocellular materials of stem cell origin have been discovered in their ability to reproduce pancreatic islet cells for treatment of diabetes mellitus [57]; haematopoietic cells for treatment of sickle cell disorders, blood-related diseases and HIV-AIDS; cardiomyocytes for treatment of cardiomyopathies and other heart diseases; neurons for treating Parkinsonison and Alzheimers disease, and hepatocytes that may become indicated in cirrhosis. Bioengineering technologies have also been advanced in many scientific laboratories in Europe and the United States of America and in China for the production of stem cell products for human and animal health, agricultural animal development, training and advancement of knowledge base.


      Another example of the therapeutic potentials of biocellular materials of stem cell origin can be found in the laboratory development of retinal cells/tissue with high potential for use in regenerative treatment of eye diseases associated with damaged retina. [58] reported that patterns of gene and protein expression suggest involvement of human induced pluripotent stem cells in a process that may facilitate future therapies for retinal disorders. These authors called attention to the implication of their research result for cell replacement, pharmacological screening and disease modeling. Similarly, Ochiai, et al. [59] have demonstrated the capability to differentiate oral ectoderm from mouse embryonic stem cell. These authors also reported that biocellular materials (bone morphogenetic protein and fibroblast growth factor) enhanced oral ectoderm induction [59]. It is therefore, conceivable that focus on development of biocellular materials of stem cell origin will be worthwhile for future regenerative treatment of animal and human diseases.


      Instances of use of stem cell content to influence stem cell functional activity for regeneration or wound healing and for organ well being abound. For surgical skin replacement, bone marrow-mesenchymal stem cells were reported to enhance healing of skin defect in rats [60]. In an attempt to characterize migration in a placental-derived chorionic mesenchymal stem cell line, [61] discovered that valproic acid increased migration of the mesenchymal stem cell line. These authors also reported that mesenchymal stem cell migration was associated with adherence to and transmigration through endothelial barrier [62]. Again, mesenchymal stem cells as well as exosomes released from mesenchymal stem cell have been reported to be supportive in treatment of osteoarthritis [63]. Similar observations have been made by Sagga, et al. [64] who reported that Limbal epithelial stem cells are involved in corneal epithelial maintenance and repair after injury. They made this suggestion following their surprising observation that injury to one eye causes a regenerative response in both eyes [64]. On the other hand, silver impregnated surgical dressing was reported to be associated with consistent culture and cell toxicity when compared with honey dressings on human skin keratinocytes and dermal fibroblasts [65].


      Several studies and their reports have focused on the hematopoietic system in an attempt to elucidate the structural and functional capabilities of stem cells and their cytoplasmic constituents. Organoids derivable from somatic stem cells have also been studied. Hematopoietic stem and progenitor cells have been suggested to immunomodulate solid cancer development [66,67]. In a concise review on the modulation of cancer immunity with haematopoietic stem and progenitor cells, these authors write that these cells do regenerate entire blood and immune system in addition to being key modulators of cancer immunity, a property useful in cellular immunotherapy [67]. In like manner, the molecular mechanisms involved in inflammatory signals that control and sustain hematopoietic stem cell functions have been studied [68]. These authors reported that a deficiency in E3 ubiquitin ligase A20 caused loss of quiescence and compromised long-term hematopoietic regeneration, increased levels of Interferon-γ signaling thereby suggesting a regulatory role for this enzyme in cell fate and quiescence of hematopoietic stem cells [68].


      Animal agricultural development sector has witnessed largely profitable application of testicular stem cell research and development for products from bio-cellular materials. Manipulating the genetic resources (including deoxyribonucleic acid, DNA) of stem cells from selected animal species has enabled development of products for artificial insemination and programmed reproduction. Similarly, highly exotic and desirable characteristics of male farm animals (e.g. generous flesh and masculine agility in bulls) that are naturally stored in the genes of their testicular stem cells can now be preserved for a very long time and propagated as desired for agricultural development according to national or local policy guidelines.


      Biochemical characterization of stem cells involving the use of enzymes (e.g. alkaline phosphatase or telomerase) and macromolecular aggregates e.g. receptors (Oct 3/4, Nanog, CD9) is important and has become widely acceptable. The use of these biochemical factors also promotes development and marketing of these biochemical compounds used also, as identification factors. For example, SOX4 which enhances neuronal differentiation has been reported to regulate transcription targets during neuronal development of neural stem cells [69] following oligodendrocyte differentiation. In effect, SOX4 enhancement of neuronal development in neural stem cells has been documented to be involved in reducing the expression of genes promoting oligodendrocyte differentiation. The use of morphological criteria (e.g. cellular shape and capsular luster, cellular aggregation or coloration and dynamics) and functional characteristics (e.g. in vitro expansion pattern, differentiation into new cells/tissues) and temporal relationships between developmental stages are equally important for advancement in stem cell research and application.


      Cytoceuticals and Disease Pathobiology


      Cytoceuticals can be experimentally derived or industrially manufactured from whole cells, subcellular particles, macrolecular aggregates of cell components or organic and inorganic effectors of stem cellular proliferation, aggregation and differentiation for the processes of tissue regeneration and replacement. A large number of simple and compound materials will be included in this list. However, it will be important to define and characterize each of them for the purposes of applying them for therapy of defined disease conditions.


      Two disease conditions of significant pathobiological importance to stem cellular research are acquired immune deficiency syndrome (AIDS) secondary to Human Immunodeficiency virus (HIV) infection, and malaria (especially in endemic tropical regions). The HIV just like many other immunodeficiency viruses (e.g. Simian immunodeficiency virus) possesses well defined and largely characterized internal and external biochemical constituents that have been used as markers or target sites for drug action (and possible drug development effort). Sites like glycoprotein 120 is known to be associated with the virulence of HIV. These macromolecular sites may be considered useful for development of cytoceuticals.


      Stem Cell Therapy in HIV and AIDS


      The possibility strongly exists that stem cellular therapy can one day in the near future be available for clinical treatment of HIV infection and AIDS in man and variants in animals. This potential of cellular therapy in the treatment of this disease has been widened by observations in recent years on capability to obliterate infections by some types of stem cells on immunodeficiency virus infection complicating leukemia in patients. There has been a renewed interest in the possibility of using gene (a cytoplasmic and nuclear genetic inclusion of the cell) therapy in the treatment and eradication of HIV (Human immunodeficiency Virus) infection. This development is secondary to a report in the New England Journal of Medicine (February 2009) that a HIV positive patient with acute myeloid leukemia who had received a replacement of his stem cells with CD34+ peripheral stem cells from a matched unrelated donor (after allogeneic stem cell transplantation) was not detected with HIV after more than two years of being off antiretroviral and immunosuppressive drug treatment.


      This scientifically exciting observation may be interpreted to be that at some stage of the development of the stem cell (that of the donor or those of the transplantation recipient), a potential macromolecular disposition emerges enabling the distinction of "self" macromolecular environment from the "non-self", identification of "non-self" macromolecular entity (e.g. HIV, particles, etc.) in the milieu and consequent elimination by destruction of the "non-self" macromolecular entity. There are other possibilities that can attempt to explain at cellular and molecular levels what happened to give rise to eradication of HIV from the "Berlin patient" for up to two years. Cellular, subcellular and biochemical mechanisms underlying the immunological bases of elimination of HIV from the circulation of a patient is certainly food for thought for those interested in cytoceuticals and cellular treatment of disease.


      Stem Cell Therapy in Malaria


      Let us examine closely, the issue of malaria in man and animals and the potential of cellular therapy in the treatment of this disease. In an unpublished report of our studies, we observed that rats infected with Plasmodium berghei berghei, when treated with spermatogonial stem cells exhibited gross malformation of the parasites in the rat blood. It is therefore imaginable that spermatogonial stem cells may be deforming mouse malaria parasites in vivo [70], unpublished observations). This possibility has been encouraged by the commentary of Wang, et al. [71] who quoted the report of the work done by Souza and colleagues. The authors found that transplantation of bone marrow-derived mesenchymal stromal cells increased survival, reduced parasitemia, decreased malaria pigment accumulation in the spleen, liver and kidney, elevated Kupffer cell count in liver, alleviated renal injury and lung inflammation, and improved lung mechanics in an experimental mouse model of cerebral malaria. Wang and his colleagues then suggested the potential of mesenchymal stromal cells therapy for the treatment of cerebral malaria [71].


      In a similar fashion, parasitic organisms like Plasmodium species are known to possess some defining macromolecular aggregates (sites) that are continually being studied with a view to developing vaccines or other therapeutic agents targeting these sites. The pathogenicity of Plasmodium species has been reported to involve release of macromolecules that elicit induction of pyrexia. For example, cyclooxygenase inhibiting substances like acetyl salicylic acid or other prostaglandin modulators act as antipyretic chemical agents. It is noteworthy that there exists a temporal relationship in the elaboration of these macromolecules that form the biochemical basis of virulence, pathogenicity or therapeutic effectiveness. It is important to understand these temporal relationships so that stem cellular proliferative or differentiative activities can be related to them for cellular therapy in animals or humans.


      Cellular Therapy


      Cellular therapy may be a terminology preferred to cytotherapy mainly because single stem cell proliferative activity is known to culminate in aggregation of cells which can be directed to specific differentiation for the purposes of tissue regeneration and therapy of disease. Thus, single cells are not likely to effect therapy unless such cells have been clustered into biological tissues to regenerate diseased biological tissues. Cellular therapy and consequent regenerative medicine in animals or humans produce desired therapeutic effect often reminiscent of surgical resection and repair.


      Pharmacological intervention in disease states focuses seriously on the underlying pathophysiological process which may be treated by such pharmacological intervention, for example, following biochemical or biophysical alteration of structure and function. Specifically, replacement of dopamine deficient neuronal cells with the same type of cells possessing dopamine efficiency will result in amelioration of some clinical symptoms in the Parkinson disease patient. In a similar way, cellular therapy will continue to rely on bio-pathological state e.g. damaged heart muscle or functionally defective β-cells of islets of Langerhans, the damaged cells of which can be replaced by newly elaborated and fully functional cluster of similar cells. Cellular therapy of a large number of experimental and clinical disease conditions has been effected and these include, diabetes mellitus (types 1 and 2), Parkinson’s disease, etc.


      Cytoceuticals and Drug Discovery


      Cellular therapy will become complementary to drug therapy in this millennium for the treatment of life-threatening diseases. Cellular dynamics including systematic and organized in situ elaboration, release, reabsorption and sequestration of cytoplasmic and nuclear genetic inclusions and genetic materials form the bases of our understanding of basic cellular biology of development and embryogenesis that is exploited in drug discovery. Glicksman and her colleagues [72] have briefly reviewed stem cellular mechanisms in drug discovery. In their review of the therapeutic potentials of stem cells, Glicksman and her colleagues [72], have made reference to the possibility of "a small molecule drug" being capable of stimulating stem and progenitor cells in adult tissues such as skin, muscle, liver, lung, blood, fat, bone marrow, hair follicles and brain, to regenerate messenchymal stem cells and be harnessed to heal damaged tissues.


      Reprogramming adult cells to create induced pluripotent stem cells (iPSCs), reverse differentiation of stem cells under unconducive environments, spontaneous reactivation for tumorigenesis as well as apoptosis secondary to unconducive environments are all aspects of the dynamics of cellular cytoplasmic and nuclear genetic inclusions. The creation of human and animal disease models and the testing of "small molecule drug" can be achieved using iPSCs in appropriately designed studies. These so-called small molecules could be part of the cytoplasmic milieu and may influence self renewal or differentiation of stem cells [73,74].


      It is of special interest to note that the reports of Takahashi and Yamanaka [8] and [13] on new methods of creating iPSCs have become more exciting for the possibility of exploiting cytoceuticals for drug discovery and development. Two major biotechnology industries (Stemgent and Fate Therapeutics) in their CATALYST alliance plan to maximize delivery of iPSC technology (free of viral reprogramming factors) for creation of models of human diseases, discovery and testing of drug candidates, and development of personalized cell therapies (www.worldstemcellsummit.com/chapters09/2-1_2009.pdf).


      New Pharmacological Principles


      Enhancement of circulatory stem cell populations using exogenous substances or by direct injection will give rise to novel pharmacological principles. It has been argued that general health correlates well with the levels of circulating stem cell populations in blood. One method of enhancing circulatory stem cells and effecting visible structural and functional changes to human and animal somatic systems would be reversal of senescence (see Reviews [12,75]. The results of a study on the effects of senescence and high fat diet (a risk factor for many diseases) on lung epithelial and stem cells when compared to low fat diet in younger animals showed that both aging and high fat diet groups were associated with a significant increase in lung inflammation [76].


      In a review on the clinical importance of umbilical cord stem cells, Alli and Al-Mulla [77] pointed out the possibility of umbilical cord blood stem cells as treatment materials for many diseases and disorders. Recently, enzyme activity involved macromolecular lead towards new drug discovery are beginning to emerge. In a classic study, Koutsouraki, et al. [78] have suggested a role for 2-oxoglutarate-dependent dioxygenases in hypoxia's promotion of undifferentiated human embryonic stem cells (hESC) induction and self-renewal. These investigators further suggested that a better comprehension of the relevance of reduced oxygen environment (0.5 to 5% O2) to human embryonic stem cells proliferation will augur well for cell culture and (hESC) studies.
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