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Abstract

The prevalence of diabetes has been increasing in recent years and become a threat to human health, now a days, islet replacement therapy is a widely accepted diabetes therapy. Tissue engineering, which involves implanting the scaffold compounded with seed cells and biological factors into the body, is a desirable technique to reconstruct the defective tissue. Embryonic stem cells, adult stem cells and induced pluripotent stem cells (iPSCs) offer the possibility of an unlimited source of cells to be differentiated into beta cells. Furthermore, there are numerous different materials available for scaffold manufacture including polyesters, naturally occurring proteins, extracellular matrix (ECM) and so on. Polylactic-co-glycolic acid (PLGA) is often used as the tissue engineering scaffold due to its good biocompatibility. In our study, fibroblasts and the extracellular matrix secreted by fibroblasts are used to effectively improve the biocompatibility of PLGA membrane and pancreatic stem cells, and promote the affinity between pancreatic stem cells and the PLGA membrane scaffold. The pancreatic stem cells grown on the fibroblast- modified PLGA membrane can be induced to differentiate into insulin secreting cells by the two-step induction method, and fibroblast-modified PLGA membrane plays a mechanical support role in the process of artificial islet tissue formation. The PLGA artificial islet tissue containing extracellular matrix of fibroblasts and insulin secreting cells can secrete insulin and reduce blood glucose within a short term in diabetic nude mice. Meanwhile, the Notch signaling system is closely related to the differentiation of pancreatic stem cells, our research also explores on the functional PLGA scaffold by altering the Notch ligands on fibroblast membrane, which would promote the differentiation of pancreatic stem cells.
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Introduction



The prevalence of diabetes has been increasing in recent years and has become a threat to human health. Long term insulin injection can cause insulin resistance, and improper injection will lead to hypoglycemia and other complications [1]. All of these can significantly reduce the quality of life of patients with diabetes. At present, islet replacement therapy is a widely accepted diabetes therapy, whereby the disabled islets are replaced with whole organ transplantation or isolated and purified islet transplantation to achieve maintenance of normal blood glucose [2].

The pancreatic islet is mainly composed of endocrine cells such as insulin secreting cells, as well as connective tissue with abundant capillaries and nerve fibers. Therefore, it is feasible to construct artificial islet tissue by tissue engineering technique, which involves implanting the scaffold compounded with seed cells and biological factors into the body to reconstruct the defective tissue [3]. The interaction between seed cells and scaffold determines the success or failure of engineering tissue construction [4]. Embryonic and adult stem cells offer the possibility of an unlimited source of cells to be differentiated into beta cells moreover; iPSCs could be an alternative source of pluripotent stem cells [5]. But all these cells have the potential to become teratom as in vivo. Many studies suggested that pancreatic stem cells existing in islets or pancreatic ducts can be inducted to differentiate into ISCs, and this is an effective way to solve the shortage of islet donor [6,7].

There are numerous different materials available for scaffold manufacture including polyesters such as polylactic- co-glycolic acid (PLGA) and poly-L-lactide acid, polyurethanes, polyanhydrides, naturally occurring proteins (collagen, elastin, fibrin), decellularized extra cellular matrix and so on [8,9]. PLGA copolymer, a type of biodegradable polymer material, has good biocompatibility and film forming properties, making it an excellent scaffold for tissue engineering [10]. Furthermore, an excellent cell scaffold needs to provide sufficient growth space for cell adhesion and extracellular matrix (ECM) deposition. Many studies modified the scaffolds to endow different physiological functions such as promoting cell growth, inducing cell differentiation and vascularization with endothelial cells or VEGF [10-12]. ECM proteins such as proteins include collagen, laminin, fibronectin, vitronectin, are substances that help create the micro niche in which cells reside [13]. The study has shown that mouse islets seeded within PLGA scaffolds and transplanted into diabetic mice displayed significantly improved function when the scaffold was coated with collagen IV. Time to euglycemia and response to glucose challenge were both significantly faster for collagen IV coated scaffolds compared with scaffolds coated with fibronectin, laminin or non-coated control scaffolds treated with serum containing media [14]. In our previous study, we used fibroblasts to modify the PLGA scaffolds, the ECM secreted by fibroblasts, which contains all of these proteins, effectively improve the histocompatibility and cell compatibility of the PLGA membrane, promoted the proliferation and differentiation of pancreatic stem cells [15].

In addition, the impact of the Notch signaling system on the differentiation of pancreatic stem cells is also worthy of attention. The Notch signaling pathway is essential for cellcell communication, guiding the cells towards proliferation or differentiation. The classical Notch signaling pathway is a combination of Notch receptors on some cells and ligands expressed on adjacent cells. Binding of a ligand to a Notch receptor causes sustained hydrolysis of the receptor, releasing its intracellular domain (NICD), which binds to CSL (a DNA binding protein), activating the expression of downstream genes, including hairy and enhancer of split-1 (Hes1) andneurogenin3 (Ngn3). For pancreatic stem cells, if Hes1is highly expressed, the cells will maintain stem cell characteristics and have a tendency to differentiate into pancreatic ductal epithelial cells, whereas when Ngn3 is highly expressed, pancreatic stem cells differentiate into pancreatic endocrine cells [16]. Ngn3 is a transcription factor that belongs to the Neurogenin/NeuroD family of neuronal genes. It is not only a marker of pancreatic stem cells, but also an important factor influencing pancreatic stem cells to differentiate into pancreatic endocrine cells. It has been reported that initiating the expression of Ngn3 in the early islets of transgenic mice with the promoter pancreatic and duodenal homeobox 1 (PDX-1) can result in an increased number of endocrine cells in the pancreas and a decreased number of exocrine cells [17]. We can influence the expression of Notch receptor in pancreatic stem cells by the Notch ligand on the fibroblast membrane, and regulate the proliferation and differentiation of pancreatic stem cells through Notch signaling system. Our research have been also investigated the impact of the Notch signaling system on the differentiation of pancreatic stem cells by altering the Notch ligands on fibroblast membrane, and constructed functional PLGA scaffold which promote the differentiation of pancreatic stem cells.

The fatal impediment to the function of transplanted tissue is its rejection by the host immune system [18]. In addition to the damage of immune system, the successful of artificial islet tissue may be closely associated with the non-specific inflammatory response and blood-mediated transient inflammatory response of nude mice. Many studies suggested that cell necrosis and apoptosis have a significant impact on the effect of islet transplantation [19,20]. Therefore, the key technical problem of the construction of artificial islet tissue is to solve the immune system's response, non-specific inflammatory response, blood- mediated transient inflammatory response, as well as maintain the proliferation and differentiation of transplanted stem cells in vivo. Several types of macro-devices have been explored including planar membranes, hollow fibers and macro-capsules, but the field has predominantly concentrated on the development of microencapsulation of cells [21]. However, microencapsulation not only affects cell proliferation and differentiation, but also partially limits the function of cells. Moreover, utilizing the autologous cells as a tissue source is alternative means of avoiding immune rejection.

Discussion

Our studies demonstrated that the fibroblasts and the ECM secreted by fibroblast scan effectively improve the biocompatibility of PLGA membrane and pancreatic stem cells, and promote the affinity between pancreatic stem cells and the PLGA membrane scaffold [15]. The pancreatic stem cells grown on the fibroblast-modified PLGA membrane can be induced to differentiate into insulin secreting cells by the two-step induction method, the PLGA artificial islet tissue containing ECM of fibroblasts and insulin secreting cells can secrete insulin and reduce blood glucose within a short term in diabetic nude mice [15]. Fibroblast-modified PLGA membrane plays a mechanical support role in the process of artificial islet tissue formation; however, non-specific inflammatory response is the main cause in primary non-function of islet transplantation [15]. Hence, the research on artificial islet tissue derived from non-antigenic autologous stem cells will have a profound effect on the treatment of diabetes. We can use the ECM secreted from autologous fibroblasts as a scaffold to improve the anti-inflammatory and anti-immune properties of the artificial islet tissue.

Conclusion

As the development of the understanding for the mechanisms underlying the proliferation and differentiation of ISCs in vitro and in vivo, more and more research has been focused on stem cell based therapies towards the clinic, the ISCs the rapiesusing stem cells as a replacement will no doubt benefit from the 
technological advances made in the fields of bioengineering and biomaterials. The successful induction from stem cells to ISCs is a multi-factorial process. It requires appropriate ECM combination for cellular adhesion and differentiation, correct growth factors for timely induction, and specific culture medium for cell growth at various stages of development in vitro and in vivo. Furthermore, there are abundant vascular and nerve fibers in the islets, and there are a lot of same markers for pancreatic stem cells and neural stem cells, such as Nestin, Hes, and Ngn, which are regulated by the Notch signaling system. Many studies have shown that pancreatic capillary endothelial cells and nerve fibers had effectively regulated the growth and differentiation of islet endocrine cells. Therefore, it is meaningful to construct the angiogenic and innervated artificial islet.
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