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According to the Juvenile Diabetes Research Foundation (JDRF), almost 1. 25 million people in the United States (US) have type 1 diabetes, which makes them dependent on insulin injections. Nationwide, type 2 diabetes rates have nearly doubled in the past 20 years resulting in more than 29 million American adults with diabetes and another 86 million in a pre-diabetic state. The International Diabetes Ferderation (IDF) has estimated that there will be almost 650 million adult diabetic patients worldwide at the end of the next 20 years (excluding patients over the age of 80). At this time, pancreas transplantation is the only available cure for selected patients, but it is offered only to a small percentage of them due to organ shortage and the risks linked to immunosuppressive regimes. Currently, exogenous insulin therapy is still considered to be the gold standard when managing diabetes, though stem cell biology is recognized as one of the most promising strategies for restoring endocrine pancreatic function. However, many issues remain to be solved, and there are currently no recognized treatments for diabetes based on stem cells. In addition to stem cell resesarch, several β-cell substitutive therapies have been explored in the recent era, including the use of acellular extracellular matrix scaffolding as a template for cellular seeding, thus providing an empty template to be repopulated with β-cells. Although this bioengineering approach still has to overcome important hurdles in regards to clinical application (including the origin of insulin producing cells as well as immune-related limitations), it could theoretically provide an inexhaustible source of bio-engineered pancreases.
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INTRODUCTION

Diabetes is a syndrome characterized by an absolute or relative β-cell deficiency in terms of mass (Type 1 diabetes mellitus, T1DM) or function (Type 2 diabetes mellitus, T2DM). Both of these conditions result in an impaired glucose homeostasis.

Diabetes has reached pandemic levels, afflicting over 300 million people worldwide (1) with a cost of care estimated around $176 billion/year in the United States alone (2). Furthermore, the costs resulting from chronic diabetes-related complications like cardio-vascular disease, nephropathy and retinopathy, are growing exponentially (2, 3).

The present standard cure for treating patients with T1DM consists of daily exogenous insulin injections, whereas physical exercise, specific diet, and oral hypoglycemic treatment are the first line of treatments for T2DM. However, exogenous insulin remains a suboptimal treatment, and is far from reaching an adequate regulation of native β cells. It has been estimated that fewer than 40% of patients are able to reach and maintain a euglycaemic state over a life-long insulin regimen (4).

Therefore, while insulin therapy can maintain acceptable glycemic levels and reduce diabetes-related complications, it is not a cure: the only real way to definitively treat diabetes is to restore the beta cell mass or the lost functionality of those cells.

Whole-pancreas transplantation has become the gold standard treatment to restore durable glycemic control and improve patient survival. However, as it is a major surgical intervention and requires life-long immunosuppression, this procedure is only proposed to selected patients (5), and is severely limited by organ shortage (6).

Replacement therapy using cadaveric islet transplantation has been proposed since the 1970s (7). The results of islet transplantation, initially providing an insulin-independence rate lower than 20% after 1 year, noticeably improved with the introduction of the Edmonton protocol (8), achieving glycaemia stabilization in 88% of patients after 1 year and 71% after 2 years (9).

Islet transplantation is performed with a transhepatic portal infusion, does not require a surgical procedure, and carries low morbidity. The major complications following islet transplantations are portal vein thrombosis and bleeding, for which emergency laparotomies are rarely necessary (10). For those reasons, islet transplantation is preferred to solid pancreas transplantation in fragile patients. In contrast, even there are no direct, randomized trials comparing the outcomes, the results in term of insulin independence are slightly inferior compared to whole pancreas transplantation (11).

In the recent past, the use of stem cells for T1D has expanded enormously, shifting from adult stem cells (mostly represented by bone-marrow derived hematopoietic and mesenchymal stem cells) to pluripotent stem cells (12). Previously, progress made possible the differentiation of embryonic stem cell populations (ESCs) into functional β cell clusters, providing a source of islets suitable for replacement therapy (13).

Regenerative medicine and tissue/organ engineering aim to improve the length and quality of patients' life by regenerating, preserving or enhancing the original tissue/organ function. In this context, a variety of novel methods have been considered to address tissue/organ insufficiency, including stem cell-based therapies for the regeneration of damaged tissues and tissue/organ-engineered organs to replace tissue/organ function.

Additionally, a complementary work stream, known as cell-on-scaffold technology, aims at creating the “ideal” biological template to be repopulated with specific cells in order to obtain a functional bio-engineered pancreas (14).

The aim of this document is to give an overview of the existing knowledge of current experimental strategies in the treatment of diabetes covered by the umbrella of regenerative medicine.

STEM CELLS AND DIABETES

Stem cell biology has offered fascinating solutions to restore the insufficient production of insulin resulting from the loss or dysfunction of pancreatic β-cells.

Theoretically, stem cells (embryonic stem cells—ESC) can differentiate into functional β-cell populations following specific pathways and migrate to the damaged tissue in order to guarantee an appropriate β-cell mass (15). Alternativley, stem cells can be induced to differentiate in vitro into insulin-producing cells (3).

For both in-vivo and in-vitro approaches, the most important problem is choosing the best type of progenitor cell.

The most investigated types of stem cells for diabetes treatment are:

• Embryonic stem cells (ESCs) (16–18)

• Germline stem cells (19, 20)

• Mesenchymal stem cells (MSCs) (21–23)

• Induced pluripotent stem cells (iPSCs) (3, 24, 25).

Despite a significant effort to produce translational results from bench to bedside, there is currently no cure for diabetes, moreover, as reviewed by Lilly et al. (1) each of the four stem cell types present significant issues.

Embryonic Stem Cells

Though promising, the use of embryonic stem cells involves ethical constraints and a high risk of the development of teratomas (26).

In 2000, Soria et al. successfully isolated pancreatic insulin-producing cells (IPCs) produced by the introduction the human insulin gene into mouse ESCs. Cells were then transplanted into the spleen of streptozotocin-induced diabetic animals, obtaining transient glycaemia normalization and body weight normalization within 1 week. Nevertheless, for unknown reasons, about 40% of ESCs-implanted mice became hyperglycemic again within 12 weeks after the implantation (13).

In 2005, another group explored the capability of insulin-producing cells to reverse hyperglycemia using a streptozotocin (STZ)-induced diabetic NOD/SCID mouse model. Clusters formed by GFP-labeled ES insulin-producing cells were transplanted into the kidney sub-capsular space of diabetic mice (each cluster contained 100 to 150 insulin-positive cells). Cellular transplantation reversed the hyperglycemic state for 3 weeks, but the rescue failed due to immature teratoma formation (27).

Germline Stem Cells

Although pluripotent cells have been confirmed as a stem cell source using female germline stem cells, the production of functional β-cells still needs to be explored in-vivo (20).

Mesenchymal Stem Cells

Thus far, MSC treatment has been used to address the autoreactive host immune system in T1D. T1D is an autoimmune disease in which insulin-producing pancreatic β cells are destroyed by the autoreactive host immune system. To definitively cure T1D, this autoreactive host immune system must be first addressed before any attempts are made at islet replacement or regeneration. The immunomodulatory effect of MSCs has been explored in an attempt to prevent immune diseases in the past decades, but several issues remain unsolved.

Mesenchymal stem cell therapy continues to be a “mild” tool and may not be an efficacious treatment to reverse autoimmunity of T1D without the co-administration of immunosuppressive drugs (still necessary to prevent the acute autoimmunity reaction). The effects are incomplete and provisional, requiring chronic administration or additional therapies (28).

Furthermore, MSCs need the guidance of “homing” factors to reach the desired sites of action, but most homing factors, especially the homing factors directed at the pancreas, are still unknown. Finally, MSCs injected intravenously suffer from a “pulmonary first pass effect” and are likely to be sequestered in the lungs (29).

Induced Pluripotent Stem Cells

The use of iPS cells may be a suitable treatment option, allowing the use of pluripotent cells without manipulating embryos and offering the possibility of generating patient-specific cells. Moreover, recent data by Russel et al. demostrated the possibility of using these cells to overcome not only the alloresponse but also the auto-immune reaction in Type 1 Diabetes. Indeed, genome editing of iPSC demonstrated the capability of available technology to generate invisible cells that are able to escape immune reactive cells (30). However, iPSCs have mutagenic potential in some reprogramming methods, and limitations for long-term transplant viability and functionality (31).

β CELLS FROM DIRECT REPROGRAMMING

The clinical application of stem cells for the cure of diabetes still has many roadblocks to overcome. For this reason, different groups of researchers have explored the direct reprogramming of non-β adult cells into insulin-producing cells in order to exploit the production of new bona fide β cells in-vitro.

This technology, known as transdifferentiation, is based on the misexpression of specific groups of master regulatory transcription factors able to control the transition from one progenitor cell state to the next, ultimately generating mature insulin-producing cells (32–34).

Specifically, this process has been applied to:

• Pancreatic endocrineαcells (35–37)

• Pancreatic exocrine acinar cells (38)

• Hepatic cells (39, 40).

Pancreatic Endocrine α Cells

In order to investigate a new source of β-cells, the transdifferentiation of α-cells cells is attractive due to common endodermic origin of β- and α-cells.

In 2009, the research group led by Collombat demonstrated in-vivo the conversion of alpha cells into functional beta cells by the ectopic overexpression of the transcription factor Pax4 during the development, (35) or the loss of Aristaless-Related Homeobox (Arx) restoring euglicemia in STZ-induced diabetic mice (36).

At the molecular level, the β-cell factor Pax4 works by inhibiting the α-cell master regulatory transcription factor Arx. Therefore, the absence of Arx alone is sufficient to switch α-cells to β-cells.

Pancreatic Exocrine Acinar Cells

Transdifferentiation protocols can be also applied to the pancreatic exocrine cellular component, which amounts to ~98% of the whole adult pancreas.

Pancreatic acinar cells and pancreatic duct cells are the most represented exocrine cellular types.

It must also be highlighted how exocrine cells comprise the vast majority of cells discarded from all cadaveric donor pancreata during the traditional islet isolation process. If successful, reprogramming could take advantage of a large pool of cells for conversion to β cells that would otherwise not be used.

The overexpression of specific transcription factors such as insulin promoter factor 1 (PDX1), neurogenin-3 (NGN3), and musculoaponeurotic fibro sarcoma oncogene family A (MafA) have showed, after viral transfection, evidence of acinar to β conversion in Rag 1−/− non-diabetic animals. This overexpression is not sufficient to reverse diabetes in STZ-induced mice, though it does partially correct the hyperglycemic state (38).

Hepatic Cells

Starting from the same embryonic origin as β-cells and sharing analogous glucose-sensing systems, hepatocytes have been targeted for transdifferentiation into pancreatic β-cells by genetic reprogramming (39).

This possibility was explored and validated for the first time in 2000 by Ferber S and colleagues who published the first reports of transdifferentiation of liver cells. This group produced mice with a recombinant adenovirus that induced the expression of endogenous PDX-1 and the expression of other β-cell markers and resulting in substantial insulin (both hepatic and plasma immunoreactive insulin) (40).

ENCAPSULATION TECHNOLOGY

Two new promising insulin delivery technologies are under investigation: micro- and macro- encapsulation devices.

Regardless of the capsule size (micro- or macro-), this approach aims to wrap the islets in a biocompatible membrane that permits the diffusion of nutrients while sheilding the islets from larger molecules, including antibodies and immune cells.

Proposed by Via-Cyte1, a privately-held regenerative medicine company developing novel cell replacement, PEC-Direct™ and PEC-Encap™ (VC-01™) are the first and second generation β-cell-derived product delivering technologies.

PEC-Direct™ is a macrodevice designed to allow direct vascularization of specific pancreatic progenitor cells (referred as PEC-01™), guaranteeing their maturation and in-vivo differentiation into insulin-producing cells (41, 42).

Despite the potentially groundbreaking results, one of the major limitations of the product is the direct contact of the transplanted cells with the circulating cells of the host, implying the need for immunosuppressive therapy.

PEC-Encap™ (VC-01™) aims to overcome this problem by incorporating Encaptra™ technology, a fine permeable film that permits surface vascularization and diffusion across the membrane in order to avoid contact between the transplanted and host cells. This improvement supplies an immunological protection that theoretically avoids the requirement of life-long immunosuppression.

ViaCyte received the approval from the U.S. Food and Drug Administration (FDA) in August 2014 to begin evaluation in human clinical trials. The PEC-Encap clinical trial (STEP ONE trial) is currently evaluating basic safety and tolerability in patients with type 1 diabetes in Canada and the USA.

On August 1st 2017, the company presented the first patient implanted with PEC-Direct™.

ENGINEERING A 3-D NICHE FOR ISLETS: SYNTHETIC AND PREFABRICATED SCAFFOLDS

In their original milieu, islets are surrounded by pancreas-specific ECM proteins, usually composed of interstitial matrix and basement membrane proteins such as collagen type IV, laminin, and fibronectin. During isolation, islets are deprived of this matrix, which results in a loss of graft funtion (43) due to the crucial role that the matrix plays in islet survival, function, and proliferation (44).

The idea to house islets within a synthetic biomaterial at alternate transplantation sites is a potential therapeutic option. This concept is based on the goal of engineering a three-dimensional platform able to provide a non-toxic environment for seeded cells and recreate the native physiological milieu.

Different fundamental requisites for cellular transplantation have been identified including porosity, biocompatibility, the ratio between surface area and volume, and a suitable environment for new tissue formation that can integrate with the surrounding tissue (45).

The porosity of the scaffold is considered to be a crucial property for cellular vitality, guarantying the effective delivery of oxygen and nutrients to cells. Micro- and macroporous synthetic scaffolds are characterized by pores with a diameter under or over 50 μm respectively.

This approach has numerous advantages: the choice of biomaterials to use is wide, many biomaterials provide a relatively precice and repetitive assembly at the micrometer level, and the material used can be loaded or cross-linked with numerous molecules in the attempt to augment cellular functionality (46, 47).

Important synthetic polymers that have been investigated are chitosan (48), polylactic-co-glycolic acid (PLGA) (49, 50) and poly-L-lactide acid (PLA) (46).

In 2017, Smink et al. explored a scaffold composed by polyD,L-lactide-co-e-caprolactone (PDLLCL), commercially available as Neurolac [http://polyganics.com/products].

The group tested other polymers (polyethylene oxide terephthalate)/polybutylene terephthalate (PEOT/PBT) and polysulfone), but concluded that the PDLLCL-based scaffold was the only polymer that supported in-vitro rat islet survival. After the in-vitro testing, islets seeded in a PDLLCL scaffold were finally transplanted into a diabetic rat model resulting in normoglycemia within 3 days and for the duration of the 16 week study period (47).

A macroporous scaffold made by poly(dimethylsiloxane) (PDMS) has been explored by Pedraza et al. (51). PDMS scaffolds were prepared by using the solvent casting and the particulate leaching procedure and were pre-conditioned for islet loading via washing with islet culture media. For in-vitro investigations, each scaffold was loaded with 1,500 rat or human islet equivalents (IEQ).

When seeded on PDMS-based scaffold, islets showed an in-vitro enhanced viability compared to 2D culture controls under low oxygen tensions. The in-vivo effectiveness of scaffolds to support rat islet grafts was assessed after transplantation in the omental pouch of streptozotocin-induced diabetic syngeneic rats (in this case 1,800 IEQ were used) achieving normoglycemia with a mean reversal time of 1.8 ± 1.3 days.

These data have paved the way for the use of a pre-fabricated scaffold transplanted in the omental pouch in clinical practice. In 2017, Baidal described the use of a biological scaffold seeded by autologous islets to treat a 43-year-old patient with a 25-year history of type 1 diabetes. The authors reported a laparoscopic islet transplantation (for a total of 602,395 IEQ) onto the greater omentum in a degradable biologic scaffold composed by alternate layers of islets, recombinant thrombin (Recothrom) and autologous plasma. In this patient, euglicemia was restored and insulin independence achieved, but data from long-term follow-up are still missing (52).

Although these results are promising, several issues should be still addressed. As suggested by Pellicciaro et al. (53), we need to know how long transplanted islets remain in hypoxic conditions, and how rapidly islets are re-vascularized. This question is still unanswered due to the fact that the oxygenation conditions of transplanted islets in the omentum are still debated.

EXTRACELLULAR MATRIX SCAFFOLD AND PANCREAS BIOENGINEERING FOR DIABETES TREATMENT—TISSUE ENGINEERING AND REGENERATIVE MEDICINE TE/RM APPROACH

In contrast with solid pancreas transplantation, treatment with islets frequently requires multiple injections to reach the minimal functional mass able to grant insulin independence. Furthermore, the long-term exhaustion of the transplanted islets often requires additional transplantations in order to maintain the results. Therefore, multiple pancreas donations often go to one single patient, making the treatment extremely resource-consuming (54).

Host instant blood mediated inflammatory reaction (IBMIR) (55, 56), lack of revascularization of the site of implantation in the early post-transplant phase (57) and recurrence of autoimmunity (58) are common examples of the many other hurdles affecting the outcome of islet transplantation.

As discussed above, encapsulation has been developed to overcome some of these issues. However, the complete isolation of the islets from the surrounding tissue is deleterious because it does not allow for normal exchange with the surrounding milieu. The extreme effect of this isolation is “anoikis,” defined as programmed cellular apoptosis induced by inadequate or inappropriate cell-matrix interactions (59, 60).

In this scenario, the “ideal” islet transplantation procedure would also provide an extracellular matrix environment that promotes isolated β-cell mass survival and function (61, 62).

Due to the importance of the three-dimensional extracellular matrix (ECM), a relatively new technology is under evaluation to produce acellular ECM-based scaffolds that can be repopulated with patients' autologous cells.

The cell-on-scaffold technology stems from the ability to strip the cellular component from a tissue or a solid organ using a technique known as decellularization. The result is a three-dimensional acellular template composed only by the ECM. This structure maintains the original macro- and micro- architecture of the organ as well as all the biochemical cues of the ECM itself (63).

The goal is to produce an endless source of transplantable organs through the repopulation (recellularization) of biological scaffolds of animal origin, giving rise to a totally new era in the field of transplantation (64).

This approach has been successfully applied in experimental models involving insulin-producing cells. De Carlo et al. proposed one of the first experimental models in 2010 (65), seeding an acellular matrix of pancreatic and hepatic scaffolds with rat islets. The final construct was implanted in streptozotocin-induced diabetic rats that showed reduced exogenous insulin requirements.

In a mouse model, Goh et al. suggested a perfusion-based decellularization protocol able to produce an acellular pancreas-specific template (66). The whole pancreas was harvested and perfused through the portal vein with a specific detergent to completely remove the parenchymal cellular counterpart. For recellularization, AR42J (acinar cell line) and MIN-6 β-cells were selected. Acinar cells were seeded directly into the pancreas by retrograde perfusion through the pancreatic duct, whereas MIN-6 β-cells were introduced through the hepatic vein via a multistep injection. The obtained construct was then maintained in static culture for 5 days. The recellularization showed the engraftment of both cell types with an apoptosis rate of 18% and the preservation of insulin expression.

More recently, this protocol has been optimized comparing different strategies for perfusion-based decellularization procedures (67) in a rat model. Three different perfusion routes (arterial, venous, and pancreatic) were tested for decellularization as well as for repopulation with islets. Although no significant differences were observed between the groups in the obtainment of the acellular scaffold, the pancreatic duct was shown to be the best way to repopulate the scaffold, as it avoided extra-parenchymal leakages and showed an 80% seeding efficiency.

In order to achieve clinically relevant sized scaffolds, porcine models were investigated as a platform for pancreas bioengineering (68).

The decellularization protocol involved the perfusion (0.75 L/h) of a single detergent (1% Triton X-100) through the pancreatic duct for 12 h. After a final rinse with sterile PBS, the scaffold was seeded with 2 different cell types:

1 - human amniotic fluid-derived stem cells (hAFSC), to assess the cellular compatibility of the acellular pancreas ECM.

2 - porcine islets, to demonstrate the potential of the ECM to support pancreatic function.

Finally, by using a metabolic assay, an increase in the metabolic rate of seeded islets was observed between day 3 and 7, with insulin secretion compared to isolated non-seeded islets. Furthermore, it was noticed that after 72 h, islet insulin production was pulsatile under basal and high glucose conditions.

This research corroborated the theory that a porcine pancreas can serve as a platform for insulin-producing bioengineered tissue. Porcine pancreata can be harvested and decellularized while retaining the native architectural and biochemical cues. The resultant ECM can be seeded with the critical mass of islets required to meet insulin requirements.

The temperature of the detergent plays a central role in the preparation of the scaffold and notably on the biological quality of the final ECM. As described by Sumitran-Holgersson et al. (69), a three-step infusion of 4°C sodium deoxicholate, Triton X-100 and DNase for the production of an acellular porcine scaffold was more effective than normo-thermic decellularization. Interestingly, these scaffolds were seeded with human fetal pancreatic stem cells (hFPSCs), supporting both the endocrine and exocrine functions under static culture conditions. The endocrine properties of the seeded cells were evaluated by the synthesis of C-peptide, glucagon and the expression of PDX1, whereas the tissutal exocrine capacity was assessed by α-amylase secretion levels.

Recently, human pancreata discarded for clinical transplantation were used to produce acellular, extracellular matrix-based scaffolds (70). This study successfully demonstrated that that a whole human pancreas could be decellularized through a detergent-based perfusion protocol with the clearance of cells and HLA class I and II antigens. The scaffolds obtained this way showed the preservation of the ECM architecture (at all hierarchical levels), as well as composition and mechanical properties. In addition, this study showed that cell proliferation, glucose metabolism, and several growth factors (key players in essential pathways such as angiogenesis) are retained within the 3D structure of acellular pancreatic matrix. Finally, the authors showed that the pancreatic scaffold inhibits naïve CD4+ cell proliferation, promotes their apoptosis, and induces their conversion into T regulatory cells (T-regs), suggesting immunomodulating properties of the model.

As a corollary, if successful, the use of human pancreata as source to produce acellular scaffolds could provide an allogeneic platform on which to repopulate endocrine cell populations. In terms of numbers, this alternative to animal sources would allow for the use of 30% of discarded pancreata that were originally harvested for transplantation purposes but finally discarded in the US (71, 72).

The ECM can also be incorporated in multicellular spheroids together with different cell typologies enhancing their regenerative properties. Human amniotic epithelial cells (hAECc) obtained from placental samples are broadly accessible, and have immunomodulatory, anti-inflammatory and regenerative abilities (73, 74). In their preliminary data, Lebreton et al. produced heterospheroids consisting of rat islets and hAECc (with a ratio of 1:1) that were ultimately implanted under the kidney capsule of diabetic severe combined immunodeficiency (SCID) mice. Blood glucose tests and IPGTTs revealed an enhanced glycemic control compared with control animals. In this condition, the cumulative percentage of animals reaching normoglycemia was 74% in the islet + hAECc group vs. 26% in the islets-alone group. Even if preliminary, these data suggest that hAECs could have a meaningful potential to protect islet cells and they could be utilized to improve islet cell survival and function prior to transplantation when incorporated in heterosphere.

According to the classical definition for the “ideal biomaterial,” it would have adequate biomechanical properties, a low risk for infection transmission disease and would not elicit an unfavorable immune response (75). Theoretically, an ECM-based scaffold could be considered particularly suitable but its immunogenicity has to be considered one of the major drawbacks.

Based on a plethora of factors and parameters including graft complexity or the amount of specific protein families, the whole graft can generally be considered immunogenic or antigenic, and the ECM is no exception.

This point has been highlighted and discussed in 2006 (76). The author reviewed the common use of porcine and bovine biomaterials (e.g., Veritass®, CuffPatch™, TissueMends®) as clinical examples of acellular non-autologous biological structures without reporting any adverse immunological reactions. In this context, he also reported numerous studies regarding the presence of small amounts if gal-epitope (galactosyl 1,3 galactose epitope) following engraftment, which were unable to induce the complement activation or a cell-mediated rejection (77, 78). The gal-epitope has been deeply studied in this field, and non-gal-epitopes (such as α-enolase or E-cadherin) also seem to be actively involved in the immune reaction (79) to xenogeneic grafts.

As suggested by Wiles et al. (80), the decellularization process—by removing the antigens responsible for an immune response—could minimize both acute and chronic rejection. However, decellularized tissue may still provoke an immune response process by the presence of damage-associated molecular pattern proteins (DAMPs) (81). DAMPs are well represented not only in the native cellular tissue, but also in the acellular scaffold actively secreted during cellular injuries and necrosis. Their presence upregulates HMGB1, (High mobility group box 1) a highly abundant, ubiquitous protein that can promote the pathogenesis of inflammatory and autoimmune diseases once it is in an extracellular location (82).

Immunoisolation could be a solution to isolate the xenogeneic scaffold from the surrounding environment. Immunocloaking has provided us with important preliminary data by perfusing the organ with a nanofilm (called ImmunoCloak) made by subendothelial ECM able to camouflage the antigenic components. This nanobarrier guarantees the permanent exchange of oxygen and metabolites between the systemic bloodstream and the transplanted organ while masking antigens. Using this solution, Brasile et al. delayed the onset of rejection significantly, from 6 days for untreated kidneys up to 30 days for treated “ImmunoCloaked” kidneys. (83). Even with significant limitations (above all the fact that the membrane degrades after 1 month), it is reasonable that this technology could be used in order to mask the residual acellular scaffold immunogenity (84).

EXTRACELLULAR MATRIX AND STEM CELLS AS POTENTIAL COMBINATION

Cell-matrix interactions have been proven to be essential not only for cellular proliferation, but also for differentiation (85) and physiological function (86). Based on this evidence, the idea is to use the organ-specific environment—created by the ECM—in order to offer the implanted cells the best growing conditions in order to obtain (in-vitro) a transplantable organoid.

Specifically, the relationship between the ECM and islets has been deeply investigated, even if the understanding of the exact role of extracellular matrix in the functional endocrine system remains unclear.

It has been shown that the ECM plays a pivotal role in the formation of the correct stem cell niche by specific sequences of interplays (87).

Recently, an international Lancet commission has evaluated the use of stem cells, underlining the most important hurdles that are currently in the spotlight (88).

They redefined the use of stem cells both for TE/RM as well as for cellular therapy, highlighting the lack of understanding and the importance of having a solid scientific consciousness, that in some cases has failed to fulfill the original promise: help the patient (89).

CONCLUSIONS

The pancreatic endocrine component is an interesting arena for regenerative medicine and cell therapy. Although in its early days, the evolution of TE/RM and the study of stem cell biology is leading to innovative treatments in the therapeutic field.

In this text, we reviewed studies reporting successful strategies for pancreatic tissue engineering, which are based on stem cells, islet encapsulation, and scaffold technologies. Fueled by the encouraging results, we propose that the combination of TE/RM and the stem cell approach could lead to the creation of a bioartificial pancreas. Although still far from becoming a clinical reality, the potential application of this futuristic approach is almost unlimited.
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