Repair and regeneration of tissues using stem cells 
1. STEM CELLS• Cells capable of unlimited cell cycles with the capacity to become one of the wide variety of specialized cells which make a specific tissue/organ• undifferentiated collection of cells with undecided fate• Basically 2 types: – Embryonic (ESCs) – Adult stem cells (ASCs)

· 2. Stem cell division and differentiation A: stem cell; B: progenitor cell; C: differentiated cell; 1: symmetric stem cell division; 2: asymmetric stem cell division; 3: progenitor division; 4: terminal differentiation

· 3. TISSUE REPAIR, REGENERATION, HEALING AND FIBROSIS• Tissue repair is the response of organism to overcome the damage caused by toxics, inflammation and trauma• Therefore 2 types of reactions occur: – REGENERATION – tissue replaces damaged components and returns to a normal state – HEALING – damaged tissues incapable of complete restitution and/or supporting structures of tissue are severely damaged• Fibrosis is heavy deposition of collagen that occurs in organs such as lungs, liver and kidney following chronic inflammatory processes or in myocardial infarction• Repair involves the proliferation of different types of cells and their interaction with the ECM

· 4. Cell Proliferation• Cell proliferation of cell types is driven by proteins collectively called growth factors• Cell repair depends on production of growth factors, cellular response to them, and the ability of the cells to divide and expand in numbers. All these factors determine the adequacy of the repair process• main steps in proliferation are DNA replication and mitosis and this sequence of events is known as the cell cycle• The cell cycle consists of several steps in order to check the accuracy of cell division• Non-dividing cells are either in cell cycle arrest in G1 or they exit the cycle (G0)• Checkpoint controls prevent DNA replication or mitosis of damaged cells or eliminate damaged cells by apoptosis

· 5. • growth factors: overcome the checkpoint controls by releasing suppressors of CDK activity (cyclin dependent kinases)

· 6. Proliferation Capacity• Ability of tissues to repair themselves is influenced by their intrinsic proliferative capacity• Three types of tissues – Continuously dividing tissues (labile tissues) • Lost and replaced by maturation from stem cells and by proliferation of mature cells • short life span – Bone marrow, skin, oral mucosa, GI tract, ducts draining exocrine glands – Stable tissues • Quiescent cells (G0 stage) – have minimal replicative activity - can proliferate in response to injury and loss of tissue mass • long life span – kidney, liver, pancreas, endothelial cells, fibroblasts, smooth muscle cells – Permanent tissues • Terminally differentiated and non proliferative in postnatal life • Long life span - neurons, cardiac and skeletal muscle

· 7. • Cell proliferation can be triggered by: – Growth factors, hormones, cytokines – Growth factors produced by leukocytes, parenchymal cells, and connective tissue• Affects cell proliferation by: – Expanding cell population • Stimulating cell division (mitosis) • Increase cell size (growth) • Protection from apoptotic death (survival)• Other functions – Stimulate migration, differentiation, angiogenesis, contractility, and fibrogenesis – Involved in growth control – can stimulate or inhibit – May act on multiple cell types

· 8. Plasticity• Basis for generating tissue for transplantation• Differentiate into cell types in organs / tissues other than those expected from the cells predicted lineage

· 9. STEM CELL TREATMENT• Parkinson’s Disease with iPSCs• Spinal Cord Injury with human embryonic stem cells (hESCs)• Sickle Cell, Thalassemia, hemophilia and other blood diseases with iPSCs• Bone Marrow Transplants (BMT) & haemopoietic stem cell therapy (HCT) – Lymphomas and thymomas – Hematopoietic cells – Metastatic cancers of other origins• Autoimmune Diseases with hematopoietic stem cells (HSCs) – Rheumatoid arthritis – Systemic Lupus Erythematosus – Type 1 diabetes mellitus – Multiple sclerosis – Pernicious anemia

· 10. Parameters of stem cells necessary for use in regenerative repair• found in abundant quantities (millions to billions of cells)• harvested by a minimally invasive procedure• reliably be differentiated along multiple cell lineage pathways• safely and effectively transplanted to either an autologous or allergenic host• manufactured in accordance with current Good Manufacturing Practice guidelines

· 11. Spinal Cord Injury

· 12. Human Embryonic Stem Cell (hESC) Based Therapy

· 13. GRNOPC1 Induced Remyelination after Spinal Cord Lesions in Rodents

· 14. •Improves Locomotor Behavior after Spinal Cord Injury

· 15. Regenerative medicine•Regenerative Medicine refers to a group of biomedical approaches to clinicaltherapies that may involve the use of stem cells.•Examples include the injection of stem cells or progenitor cells (celltherapies); the induction of regeneration by biologically active moleculesadministered alone or as a secretion by infused cells (immunomodulationtherapy); and transplantation of in vitro grown organs and tissues (Tissueengineering)•heparan sulfate analogues on (chronic) wound healing. Heparan sulfateanalogues replace degraded heparan sulfate at the wound site. They assist thedamaged tissue to heal itself by repositioning growth factors and cytokinesback into the damaged extracellular matrix

· 16. • Stem cell therapy, also known as regenerative medicine, is the replacement of diseased, dysfunctional or injured cells with stem cells or their derivatives. Its somewhat similar to the organ transplant process but uses cells instead of organs.• Researchers grow stem cells in the lab. These stem cells are manipulated to make them specialize into specific types of cells, This manipulation may involve changing the material in which the stem cells are grown or even injecting genes into the cells. The specialized cells could then be implanted into a person. For example, if the person had heart disease, the cells could be injected into the heart muscle. The healthy, transplanted heart cells could then contribute to repairing defective heart muscle. In fact, researchers have already shown that adult bone marrow cells guided to become heart-like cells can repair heart tissue in mice, and much more research is ongoing.

· 17. Cord blood stem cell• in treating conditions such as brain injury and Type 1 Diabetes is already being studied in humans, and earlier stage research is being conducted for treatments of stroke, and hearing loss• animal models of myocardial infarction, cord blood stem cells have shown the ability to selectively migrate to injured cardiac tissue, improve vascular function and blood flow at the site of injury, and improve overall heart function• cord blood stem cells injected intravenously have the ability to migrate to the area of brain injury, alleviating mobility related symptoms. Also, administration of human cord blood stem cells into animals with stroke was shown to significantly improve behavior by stimulating the creation of new blood vessels and neurons in the brain• Cord blood stem cells have shown the ability to selectively migrate to injured cardiac tissue, improve vascular function and blood flow at the site of injury, and improve overall heart function• study is examining if an infusion of the child’s own cord blood stem cells facilitates repair of damaged brain tissue, including many with cerebral palsy.

· 18. MESENCHYMAL CELLS• Mesenchymal (stromal) stem cells give rise to a variety of cell types, bone cells (osteocytes), cartilage cells (chondrocytes), fat cells (adipocytes), pancreatic islet cells and connective tissue cells such as those found in tendons• found in umbilical cord blood, fat, muscle and the pulp of baby teeth• multipotent cells, lack the capacity to reconstitute an entire organ• rich sources: adipose tissue, developing tooth bud of the mandibular (lower) third molar, (or wisdom tooth).The stem cells found in developing third molars eventually form enamel, dentin, blood vessels, dental pulp, nervous tissue and a minimum of 29 different unique tissues and organs• mesenchymal stem cells add significantly to the field of regenerative repair. In addition to assisting the function of bone marrow and adipose (fat) derived stem cells, recent advances include the use of mesenchymal stem cells to: – Regenerate damaged cartilage – Regeneration of the meniscus (knee) – Regeneration of damaged tendons – Repair of bone fractures

· 19. NEURAL STEM CELLS• Neural stem cells in the brain give rise to its three major cell types: – Neurons (nerve cells) – Astrocytes (star-shaped cells that regulate the transmission of impulses in the brain) – Oligodendrocytes (cells that form myelin, a protective sheath around axons in the central nervous system)• Neural stem cells have the potential to provide therapies for: – ALS (Lou Gehrig’s disease) – Alzheimer’s disease – Brain injury – Huntington’s disease – Parkinson’s disease – Spinal cord injury – Stroke – Myelin regeneration (for demyelinating diseases like multiple sclerosis and leukodystrophy)

· 20. • There is evidence suggesting that human neural stem cells (NSCs), BM- MSCs secrete glial cell- and brain-derived neurotrophic factors (GDNF and BDNF), IGF-1 and VEGF, which may protect dysfunctional motor neurons, thereby prolonging the lifespan of the animal into which they are transplanted in models of amyotrophic lateral sclerosis• In addition, NSCs have been shown to secrete NGF and neurotrophin-3 (NT-3) The secretion of GDNF, BDNF and NGF by BM-MSCs has been implicated in increased dopaminergic neuron survival in in vitro and in vivo models of PD, and the release of anti-inflammatory molecules by BM-MSCs has been shown to attenuate microglia activation, thereby protecting dopaminergic neurons from death . BM-MSCs are also capable of secreting NT-3, which supports the survival and differentiation of existing neurons and encourages the growth and differentiation of new neurons and synapses .

· 21. • After amputation, stem cells accumulate at the injury site in a structure called the BLASTEMA• Various questions arise so as to : – how signals from the injury site cause the stem cells to form the blastema – Do the animals use a single type of stem cell in the blastema that can differentiate into many different types of tissues – Or is a separate set of stem cells responsible for making each of the different tissues needed to make up the new body part• The new work offers the most definitive evidence yet that the versatile cells, derived from embryos, can help repair organs two ways: by filling in damaged areas -- the primary focus of stem cell research to date -- and also by secreting potent chemicals that can make tissues rejuvenate themselves.

· 22. ADVANTAGES• medical benefits in the fields of therapeutic cloning and regenerative medicine• provides great potential for discovering treatments and cures to Parkinsons disease, schizophrenia, Alzheimers disease, cancer, spinal cord injuries, diabetes etc• Limbs and organs could be grown in a lab from stem cells and then used in transplants or to help treat illnesses will help scientists to learn about human growth and cell development• Scientists and doctors will be able to test millions of potential drugs and medicine, without the use of animals or human testers• A more comprehensive understanding of normal development will ultimately allow the prevention or treatment of abnormal human development

· 23. DISADVANTEAGES• Ethics• long term effect still not known Embryonic stem cells may not be the solution for all ailments• According to a new research, when it was used on heart disease patients. It was found that it can make their coronary arteries narrower• A disadvantage is that they are pre-specialized, for instance, blood stem cells make only blood, and brain stem cells make only brain cells• Rejection of ESCs as they are not that of patient’s.

