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Mini Review


Spinal cord injury (SCI) is one of the most common and devastating injuries found in the neurological clinic [1,2]. It is defined as damage to the spinal cord that causes temporary or permanent changes in its function, resulting in significant neurological dysfunction and disability [3,4]. SCI has physical, social and occupational consequences for patients and their families, resulting in loss of independence and an increase in the mortality rate [3]. In addition, studies show that expenses for care of patients with SCI can reach US$1.1-4.6 million per patient throughout life. Thus, it is extremely important to develop effective treatments [5]. This type of injury can cause many disorders, depending on his localization and severity. According to Castro, the number of people with some type of physical disability has increased in the past few years [6]. A partial spinal cord injury is sufficient to cause permanent disabilities, such as the Brown-Sequard syndrome, often observed after spinal cord hemisection [7]. Currently, surgical treatment for mechanical stabilization and decompression has been performed in cases of unstable fractures with spinal cord injury and the use of drugs to treat such lesions has been extensively studied [8].

In the last three decades, numerous neuroprotective and neuroregenerative therapies have been transferred from pre- clinical studies to clinical trials [3]. However, it is still not possible to find standard therapy universally accepted and new therapeutic approaches are needed [4]. Experimental and clinical studies evidenced that spinal cord suffers primary and secondary damages after acute injury [9]. Primary injury occurs with the initial traumatic event that produces immediate mechanical disruption and displacement of the spine, which causes compression or transection of the spinal cord [3]. There are rupture of meninges, hemorrhage and massive death of neurons, oligodendrocytes and astrocytes [10]. Together, these events immediately initiate a cascade of secondary lesions, which cyclically results in the death of neurons and glial cells, ischemia and inflammation, resulting in further damage to the spinal cord and neurological dysfunction [3]. After these secondary damages, changes in the organization and structural architecture of the spinal cord occur, including the formation of cystic cavities and a glial scar, causing a physical barrier to axonal regeneration [3,10,11]. The glial scar and cystic cavities, in combination with poor endogenous remyelination and axonal growth, prove that the spinal cord has a low potential for intrinsic recovery, thus SCI causes permanent neurological deficits [3].

The treatment and functional reconstruction of an injury in the central nervous system constitute a challenge for health areas. A growing number of researchers have attempted to apply neural stem cells combined with artificial materials for nerve repair. However, these approaches are challenged by ethical and practical issues. Amniotic tissue, on the other hand, is a clinical product of discard and amniotic epithelial cells are pluripotent, with low immunogenicity and are not the subject of ethical debate [12]. Amniotic membrane (AM), innermost layer of the fetal membranes, is composed of three histologically distinct layers: the epithelial layer, the basement membrane and avascular mesenchymal/ stromal layer. The epithelial layer comprises a flat, cuboidal and columnar cells uniformly disposed on the basement membrane, which consists mainly of collagen IV, elastin, fibronectin, laminin and proteoglycans. The mesenchymal layer in turn consists of three regions: an acellular compact layer, that forms the main fibrous  skeleton of the AM composed of collagens I, III and fibronectin; a network of dispersed fibroblast-like mesenchymal cells; and a spongy layer of loosely arranged collagen fibers that separates the amniotic membrane from the chorion [13].

Both cell types isolated from AM, amniotic epithelial cells (AECs) and amniotic mesenchymal stromal cells (AMSC), express stem cell markers and have the ability to differentiate toward all three germ layers [14]. AECs have been used in several researches to study the damaged tissues repair and experimental evidence has demonstrated its great regenerative potential for various tissues [14-16]. In addition, AECs have some properties similar to neural and glial cells and ability to secrete neurotransmitters [17-19]. Thus, these cells have great potential in the treatment of SCI. Sankar demonstrated in his study that AECs survive in the transplanted environment, support the growth of axons through them, preventing glial scar formation at the site of injury and the death of damaged neurons. These results are similar to those found in neural transplantation studies. Thus, it is believed that AECs may exhibit the same properties of neural tissue, regarding the beneficial effects on repair of SCI [20]. Roh also obtained good results when applying AECs in SCI induced in rats. His results demonstrated that transplantation of AECs has a beneficial effect on SCI-induced neuropathic pain [21]. Gao investigate the synergistic effects of anti-inflammatory drug administration and transplantation of AECs following SCI in rats. He stated that this combination reduced the secondary damage and promoted functional recovery after SCI [1].

However, in order to improve the results obtained in the treatment of this type of lesion, studies have used AECs combined with scaffolds. They stated that this combination resulted in a lower glial scar in the damaged region when compared to animals that received only AECs. These animals also had lower inflammatory infiltrate and improved motor function. Scaffolding provided a more favorable environment for regeneration of the central nervous system, ensuring that transplanted cells had a growth surface and promoted cell adhesion [12]. In this context, several studies have chosen to use the AM as a fragment, rather than isolated AECs. This protocol allows to preserve the micro-environment with all the growth factors and differentiation factors present, providing action of these chemical mediators in the injured tissue repair process. In addition, it also facilitates the processing and use of AM. AM patching provides to the injured tissue mechanical protection, anti-adhesive effect, wound protection and migration and adhesion of basal epithelial cells. In addition, studies show that AM has several useful properties for the proper development of the repair process: reduction of fibrosis, prevention of apoptosis, restoration of the epithelial phenotype, antibacterial action, anti-inflammatory action, protease inhibitor, low immunogenicity and does not induce rejection after transplantation [22-24].

Other studies have demonstrated the great potential of using AM fragments on the treatment of other tissue injuries. Cargnoni [25] applied AM as a patch to reduce the induced necrosis in rat hearts and Sant'Anna [26] demonstrated that AM application reduced liver fibrosis induced by bile duct ligation when it was applied around the rat liver. Furthermore, Nicodemo demonstrated in her study that human amniotic membrane fragment application on acute lesion in the Achilles tendon of rats favored the evolution of tissue repair, reduced the inflammatory response, induced the proliferation of fibroblasts and collagen fibers, and allowed a reduction in healing process time [27]. In clinical practice, it has also been applied in ophthalmology since 1997 [28]. It is used therapeutically for defects of the cornea and conjunctiva [29]; prevention of postoperative adhesions [30]; reconstruction of defects of the pharynx and oral mucosa [31] and in bone defects [32]. In general, AM patching has shown interesting results when applied in injured tissue, with low incidence of side effects, encouraging the development of new experimental research aimed at the treatment of SCI. Further studies are needed to determine the effects of this treatment protocol on the development of the SCI repair process.
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