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    INTRODUCTION




    

      

        

        

      



      

        

          	

            In the 60’s, a scientist called Doctor Leonard Hayflick (Wistar Institute, Philadelphia) carefully characterized the serial cultivation of primary human fibroblast cell by demonstrating that primary human cell strains have a limited replicative lifespan or «doubling potential», restricted to 40-50 divisions. This finding led to the hypothesis that oxidative damage could be partially responsible for limiting in vitro lifespan, consistent with the free radical hypothesis of aging. We now know that senescence in response to repeated passage occurs because of critical shortening of the telomeres. The Hayflick theory has been greatly reconsidered by the observations from the INSERM group of Dr Barlovatz-Meimon published in 2003 in Paris regarding in vivo (i.e. on the patient himself) cell growth. These studies hypothesized that the fibroblasts may reach a 2 to 3 log growth, meaning that they could potentially undergo up to 500 to 5’000 cell divisions.




            In this scientific context, in 2003, Regen Lab has been committed to the development of a unique expertise for the design, the manufacturing and the validation of high-quality medical devices, intended for cells therapies and for the preparation of fresh and autologous platelet-rich plasma (PRP) from the patient’s own blood, to be used in bedside procedures. Our cell therapy technology


          



          	

            perfectly fit to medical disciplines where PRP represents a treatment option allowing the medical doctor to manipulate safely, efficiently and quickly, fresh cells from the patients.




            At the core of Regen Lab’s business model lies our R&D and Clinical studies departments which have enabled the development of advanced technologies such as a 100% autologous Biological Glue with thrombin, Bone Marrow MNC ExtraCell, and Adipocyte ExtraCell which can be isolated and used in clinical settings.




            Furthermore, Cellular Matrix, a unique and innovative combination of HA and PRP within the same tube has demonstrated huge clinical benefits for skin care and OA indications. All of Regen Lab’s innovations are supported by a multitude of patents granted worldwide.




            Our GMP class II and III medical devices fully guarantee the patient’s safety because they are non-pyrogenic. Moreover, our manufacture process respects a full compliance with the new European Medical Device Regulation (MDR) June 2017, FDA (USA), and CFDA Regulations. For all these reasons, we believe that we bring to the medical community a powerful and reliable tool to standardize PRP preparations and thus future cell therapy clinical outcomes.


          

        


      

    




    [image: ]


  




  

    ABBREVIATIONS




    

      

        

        

      



      

        

          	

            ATS


          



          	

            Activated Thrombin Serum


          

        




        

          	

            BBR


          



          	

            Bromobutyl rubber


          

        




        

          	

            bFGF


          



          	

            Basic Fibroblast Growth Factor


          

        




        

          	

            BMAC


          



          	

            Bone Marrow Aspirate Concentrate


          

        




        

          	

            BMP


          



          	

            Bone Morphogenetic Proteins


          

        




        

          	

            CER


          



          	

            Clinical Evaluation Report


          

        




        

          	

            ECM


          



          	

            Extracellular matrix


          

        




        

          	

            EGF


          



          	

            Epithelial Growth Factor


          

        




        

          	

            FSCA


          



          	

            Field safety Corrective Action


          

        




        

          	

            GAGR


          



          	

            Compound Annual Growth Rate


          

        




        

          	

            HA


          



          	

            Hyaluronic Acid


          

        




        

          	

            i.a.


          



          	

            Intra-articular


          

        




        

          	

            IFU


          



          	

            Instructions for Use


          

        




        

          	

            IGF-1


          



          	

            Insulin-like growth factor-1


          

        




        

          	

            KOA


          



          	

            Knee osteoarthritis


          

        




        

          	

            MDD


          



          	

            Medical Devices Directive


          

        




        

          	

            MNC


          



          	

            Mononuclear Cells


          

        




        

          	

            MSC


          



          	

            Mesenchymal Stem Cells


          

        




        

          	

            MSK


          



          	

            Musculoskeletal


          

        




        

          	

            N/A


          



          	

            Not Applicable


          

        




        

          	

            OA


          



          	

            Osteoarthritis


          

        




        

          	

            PDGF


          



          	

            Platelet-Derived Growth Factor


          

        




        

          	

            PETG


          



          	

            Polyethylene terephthalate glycol


          

        




        

          	

            PMCF


          



          	

            Post-marketing Clinical Follow-up


          

        




        

          	

            PMS


          



          	

            Post-marketing Surveillance


          

        




        

          	

            POSAS


          



          	

            Patient and Observer Scar Assessment Scale


          

        




        

          	

            PRP


          



          	

            Platelet-rich Plasma


          

        




        

          	

            RBC


          



          	

            Red Blood Cells


          

        




        

          	

            ROS


          



          	

            Reactive Oxygen Species


          

        




        

          	

            SOP


          



          	

            Standard Operating Procedure


          

        




        

          	

            STED


          



          	

            Summary of Technical Documentation


          

        




        

          	

            TGF-beta


          



          	

            Transforming Growth Factor beta


          

        




        

          	

            VEGF


          



          	

            Vascular Endothelial Growth Factor


          

        




        

          	

            w/v


          



          	

            Weight/volume


          

        




        

          	

            WBC


          



          	

            White Blood Cells


          

        


      

    


  




  CHAPTER 1 :


  PRP SCIENCE AND CLINICAL APPLICATIONS




  

    I. PRP




    BASICS AND CURRENT KNOWLEDGE




     




    1.1. BASICS OF WOUND HEALING AND ROLE OF BLOOD COMPONENTS IN THE PRP




    In general, wound healing can be divided into 4 partially overlapping phases: hemostasis (coagulation), inflammation, proliferation and remodeling. The initial inflammation phase is characterized by hemostasis, with platelets establishing a clot formation, and the release of growth factors that aid in activating and attracting inflammatory cells such as neutrophils and macrophage to the site of injury. The proliferation phase is characterized by the construction of an extracellular matrix associated with granulation, contraction and epithelialization. Finally, the remodeling phase is associated with production of collagen and scar tissue. The physiologic progression through these phases of wound healing is orchestrated by growth factors and cytokines, many of which are released and modulated by blood components in PRP (Wu, 2016).
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    Figure 1: The four phases of wound healing




    1.2. BASICS SCIENCE OF PRP




    1.2.1 Blood components




    Blood contains plasma, red blood cell, (RBC, also known as erythrocytes), white blood cells (WBC, also known as leukocytes) and platelets (also known as thrombocytes):
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    Plasma is defined as the “yellow-colored” liquid component of blood in which blood cells are suspended. Plasma contains nutrients, vitamins, hormones, electrolytes and many blood proteins, such as albumin, immunoglobulin and clotting factors, including fibrinogen. Fibrinogen is a soluble molecule that is converted into an insoluble fibrin network upon activation by thrombin (the final step of the coagulation cascade, see Figure 3). The fibrin network traps platelets at a wound site to form a clot (Boswell, 2012; Sampson, 2008).
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    Figure 3: The final step of the coagulation cascade




    • RBC perform their primary function of carrying and delivering oxygen and other gases, nutrients and regulatory molecules such as nitric oxide using hemoglobin. During oxidative stress, iron contained in haem molecules can release cytotoxic oxygen free radicals that induce apoptosis of host cells, suggesting that RBC concentrations should be reduced or eliminated in PRP preparations (Wu, 2016).




    WBC are essential mediators of the inflammatory response, host defense against infectious agents, and wound healing (Wu, 2016). They are classified as mononuclear cells (monocytes or macrophages, and lymphocytes) or granulocytes (neutrophils, eosinophils and basophils). Granulocytes, due to their multilobed nucleus, are also referred to as polymorphonuclear leukocytes.
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    Figure 4: Blood Cell types.




    Monocytes are found in peripheral blood and differentiate into macrophages when they migrate into tissues. Monocyte-derived macrophages are necessary for the regenerative process through active phagocytosis of necrotic tissues and debris.




    Lymphocytes are not required for the initiation of wound healing, but an intact cellular immune response is essential for a normal outcome of tissue repair. T-lymphocytes play a modulatory role in wound healing, mediated, in part, by the release of soluble factors (lymphokines). It is also known that lymphokines exert both stimulatory and inhibitory signals on all aspects of fibroblast activity, and that there seems to be a balance between these effects (Schaffer, 1998).




    The primary function of neutrophils is to destroy infectious agents through phagocytic activity and release of enzymes. Although these molecules are important for destroying microbes, they can also incite local tissue destruction. In addition, neutrophils release reactive oxygen species (ROS) that are intended to damage pathogens. Without a target microbe, however, they are likely to cause tissue damage (Boswell, 2012). For these reasons, presence of neutrophils in PRP preparations is undesirable.




    Eosinophils are typically considered in context of host parasite defense and are important mediators of allergic reactions. However, they are also known to produce a variety of growth factors and interleukins and have been found to have the ability to participate in tissue remodeling by influencing fibroblasts and extracellular matrix (ECM) by acting as a source of Transforming Growth Factor (TGF), which promotes epithelial cell proliferation, angiogenesis, and organization of the wound site (Lana, 2014).




    Basophils have a long-recognized role in host-parasite interactions and in allergic reactions. Little is known about their role in wound healing, though it has been recognized that they migrate into wound sites upon injury, and secrete proinflammatory mediators (Lana, 2014).




    Platelets play a key role in the healing process, being responsible for hemostasis, construction of new connective tissue, and revascularization (Sampson, 2008).




    Platelets play a key role in the healing process, being responsible for hemostasis, construction of new connective tissue, and revascularization (Sampson, 2008).




    Platelets are small discoid cells that are the end products of megakaryocytes; they are formed in the bone marrow. They have no nucleus and cannot replicate. Thus, their life span ranges from 5 to 9 days. After tissue injury and/or surgical stimuli, platelet become exposed to damaged blood vessels and placed in direct contact with various extracellular proteins (particularly, collagen). This interaction causes the platelets to become activated. Upon activation, platelets change their shape with the development of pseudopods to promote platelet aggregation and subsequent release of some of the content of their -granules to the surrounding (degranulation). The α-granules in platelets contain more than 300 bioactive substances (Golebiewska, 2015), many of which have a fundamental role in hemostasis and/or tissue healing, by stimulating cellular chemotaxis, proliferation and differentiation, removal of tissue debris, angiogenesis, and the laying down of extracellular matrix (Mehta, 2008). Among them, notable growth factors involved in the healing process include transforming growth factor beta (TGF beta), vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), epithelial growth factor (EGF), basic fibroblast growth factor (bFGF), keratinocyte growth factor (KGF), and insulin-like growth factors (IGF-1) (Figure 5B). Some of them, like hepatocyte growth factor (HGF) or PDGF-D, have a paracrine effect on different cell types like mesenchymal stem cells from different origins, or macrophage recruitment (Wu, 2016).




    Platelets also release histamine and serotonin, which increase local capillary permeability to improve access for additional inflammatory cells to start the reparative process (Degen, 2016). Platelets actively begin secreting these proteins within 10 minutes after clotting, with more than 95% of the presynthesized growth factors secreted within 1 hour. After the initial burst of PRP-related growth factors, the platelets synthesize and secrete additional growth factors for the remaining several days of their lifespan (Mehta, 2008).
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