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Chapter 6

General Discussion

Type 1 diabetes is an autoimmune metabolic disorder leading to destruction 

of insulin-producing β-cells, which affect the population worldwide. 

Transplantation of pancreatic islets is an alternative clinical treatment to 

replace the insulin source. This provides a better regulation of the glucose 

levels than can be reached with insulin therapy [1].

In the past decade, significant advances in the field of encapsulation 

have been made. However, still many factors have to be taken into account 

before clinical application on multiscale can be considered [2, 3]. The limited 

survival time of encapsulated islet grafts due inadequacies in ECM induced 

by enzymes needed to isolate pancreatic islets is one of these factors. 

ECM is involved in tissue homeostasis and directing organ 

development. As a consequence, it has been a research-target in tissue 

engineering [4]. Any disturbances in ECM molecules contribute to the 

pathogenesis of diseases such as fibrosis and cancer [4-6]. Considerable 

efforts have been directed towards mimicking the biochemical composition 

of ECM, its fibrillar structure, and its viscoelastic properties to guide cellular 

development [7]. However, recently, it has been shown that ECM’s bioadhesive 

characteristics, proteolytic susceptibility, and growth factor binding capacity 

are also essential factors for cell-development and function [7]. The principle 

applicability of exogenous added ECM to support cell function has been 

demonstrated [8, 9]. ECM provides the correct molecular cues required by 

the cells to facilitate blood vessel formation, which then provides sufficient 

oxygen and nutrient/growth factor transfer that are essential for cell survival. 
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However, it has not been used to its full extend for promoting cellular function 

and survival in cell-transplantation.

The most abundant ECM molecules in pancreatic islets are collagen 

type I, IV and VI, and laminins [10, 11]. However, during islet isolation with 

collagenases for transplantation purposes, the amount ECM molecules in the 

basement membrane of islets is diminished. This impacts islet functionality [12, 

13]. Especially in transplantation of pancreatic islets for diabetes treatment, 

ECM may be instrumental. In this thesis, we study effects of specific ECM 

molecules that might contribute to functional survival of pancreatic islets. 

The tested ECM molecules are inducers of different biochemical pathways 

and supplies signals that are responsible for the survival the graft. Such 

an approach should improve long-term success of islet transplantation as 

treatment of type 1 diabetic patients.

Selection of functional matrices

It is suggested that islet function might benefit from ECM-signals at the 

exterior of the islets and communicate with stimulated cells with the interior 

of the islets. This beneficial effect of cell-matrix interactions are associated 

with cell-cell adhesion and gene expression or the coordinated behavior of 

cell groups [14]. Moreover, the presence of ECM signaling influence cellular 

differentiation, apoptosis (anoikis), and function. In chapter 2, 3, and 5 we 

described all the ECM molecules that influence longevity of the encapsulated 

pancreatic islet after islet isolation. The influence of different ECM molecules 

impact on different manners viability of the encapsulated islets. One of these 
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is the improvement of insulin secretion. This enhancing effect was explained 

by the fact that presence of several integrin variants found in laminin α-1, 

e.g. αvβ3, αvβ5, regulate adhesion of islet-cells [15, 16]. The presence 

of α3β1 and α6β1 that are involved in regulation of insulin secretion also 

explain the enhancing effect of laminin [15, 16]. Another impact related to 

the presence of laminin was on viability. The integrins present in specific 

regions of laminin β-1 and γ-1 may prevent programmed cell death (anoikis). 

This was corroborated by our observation that presence of laminin γ-1 was 

associated with less cell-death. Also, the matrix-cell interactions might 

benefit cytoskeletal organization throughout the islets. Relative large portions 

of β-cells are in the interior of the islet and do not have direct contact with the 

peripheral ECM.

The necessity to mimic natural environments of pancreatic islets is 

crucial for the success of the graft for transplantation purpose. Multiple studies 

on collagen matrix have shown tremendous impact on different cell lines. 

However, different collagen types have been shown to impact survival and 

insulin production of the islet-cells. The effects were shown in this thesis to 

be concentration dependent. For example, collagen type IV suppressed rather 

than stimulated GSIS at higher concentrations [17]. This should be explained 

by the supraphysiological collagen type IV concentrations by overexpression 

enhances cell survival rather than supporting metabolic processes such as 

insulin release [5]. Preferably, the concentration of collagen type IV should 

approach the concentration in the pancreas in order to have beneficial effects. 

Additionally, we showed for the first time that alginate capsules containing 

collagen type VI enhanced viability of islet-cells in the capsules. Although 
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collagen type VI is not fully studied yet, probably a heterophilic binding 

with human islet membrane receptors promote islet-cell survival. One of 

that receptors which might probably be involved with this interaction is the 

cell-death inhibitor β1 integrin that is responsible for the beneficial effect of 

collagen VI on islet-cell survival.

Moreover, the external physical properties of ECM have a complicated 

role in the signalling process, and pancreatic islets are considered dynamic-

organs in which cells migrate and actively communicate instead of behave 

as static cell-clumps [18, 19]. Any benefit from ECM addition must derive 

from indirect matrix restoration [20], which have been shown to influence 

the expression of genes implicated in GSIS [21]. As the consequence of this, 

more islet-cells will benefit from ECM contact. In addition, it is plausible 

that ECM-sequences will migrate into the interior and support beneficial 

processes. 

Importance of ECM of functional matrices

The synergetic effects of collagen type IV and laminin sequence were 

demonstrated on GSIS of encapsulated islets. ECM also had protective 

effects against cytokine activity. In chapter 4, we demonstrate that all ECM 

molecules found to have a positive effect on islet cells in chapter 2 could 

avoid or prevent to some extend cell-death in islet cells. Our observations are 

consistent and corroborated by Zhao et al, who observed that islets contain 

more apoptotic or necrotic cells than those supplemented with ECM [22]. 

Those findings were explained by the fact that the tested ECM components 

support integrin-extracellular matrix interactions by α3 and β1 which are 
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critical for modulating cell survival and function [23].

The beneficial effects of ECM on graft function goes further than 

just preventing cell-death. As shown in our results, the encapsulated islets 

supplemented with ECM also release fewer DAMPs. Human islets are potent 

producers of DAMPs such as dsDNA and uric acid [24] which are released in 

reduced amounts after supplementation of specific ECM molecules. All these 

processes can be reduced by adding ECM to the intracapsular environment. 

At the same time, the protection against cytokine activity demonstrated by 

ECM, in dynamics of NO and DAMPs release when the encapsulated islet 

grafts were exposed to the cytokine-mix. 

ECM can really promote islets survival and function for long term?

In vitro models that resembles accurately the immune reaction of human 

body do not exist. A combination of in vitro and in vivo techniques is still 

the best approach. Rodent models are readily available for diabetes studies. 

The mouse model studies are developed for different techniques, having the 

potential to offer conclusive insights about the nature of encapsulated islet 

capsule graft for therapeutics purposes. 

In this thesis, we have addressed the role of ECM in the functional 

survival in encapsulated islet graft. Although, the implantation of encapsulated 

islet graft subcutaneously is known to be less efficient than kidney capsules 

[25, 26], it allows the tracking in vivo by in vivo imaging system (IVIS) 

in normoglycemic mice (chapter 4). Our results show that only specific 

ECM molecules support islet function. Those results were consistent with 

our previous studies. Previous studies of laminin receptors in mouse and rat 
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tissues have demonstrated that integrin α3, α6 and β1 subunits are important 

for the development, organization and function of rodent islets [27, 28]. 

Future perspective

Based on the results from the present thesis, we conclude that addition of 

ECM components to the intracapsular environment can support encapsulated 

islet graft survival. As pancreatic islets do not naturally produce ECM and 

may lose the peri-islet base membrane during isolation process, addition of 

ECM as done in this thesis might increase the success of the encapsulated 

islet graft also in humans.  Before this concept can be applied in humans, 

several improvements are needed to achieve a successful transplant for 

therapeutic purpose. Further investigations into the ratio in which the various 

ECM molecules exists in the islet ECM and how cell membrane receptors 

interact with these components, will possibly provide important information 

into the exact composition and possible design of a fully functional ECM 

supplementation.  

Possible approaches to understand in detail the interface between 

ECM and artificial materials, without compatibility issues are also needed. 

One is that the artificial material, which is compatible with ECM molecules, 

is selected to be suitable for ECM characteristics. The second approach is 

that ECM is modified to be suitable for artificial material. By focusing on 

these differences, it would be able to control the removing and remaining 

of selective ECM to be suitable for artificial materials. Either way, because 

there is still not enough knowledge for functionalization of ECM molecules, 

it should reveal the interaction between ECM and artificial materials. 
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Moreover, investigations into the interrelation between the tested enhancing 

ECM molecules and transmembrane receptors that participates in cell-cell 

and cell-matrix interactions may help to elucidate the reasons why islets 

cannot survive for extended periods once isolated. [29]. 

Another possible promising effect of ECM addition is that it might 

support vascularization in the vicinity of encapsulated islets. For instance, it 

remains to be established whether ECM affects vascularization in islet grafts. 

Islet studies on vascularization in 3D systems containing ECM molecules 

from knockout mice would elucidate different questions about their functions. 

Additionally, In vivo experiments combining islet-promoting ECM molecules 

containing enhancing growth factors could be directly constructed around 

the islets/β-cells, to study their reservoir capacity in encapsulated islet graft 

in order to improve vascularization and protect islets from blood-mediated 

inflammatory reaction [30, 31]. Moreover, the pathways which are involved 

in the interaction with islet-cell membrane is still unknown at this time and 

a predominance of specific ECM type can underscore a better understanding 

of their intrinsic role and application for further engraftments. Together, these 

experiments could help to explain the mechanisms by which ECM molecules 

help islet-cells function and potentially survive in vitro culture and ultimately, 

transplantation.

Finally, in addition to in vitro studies, in vivo studies using animal 

models are vital for determining whether these methods for helping isolated 

islets recover from the isolation process have any clinical relevance. The 

in vivo environment is more complex and thus the ability for these islets 

to survive the engraftment procedure will be a future hurdle that cannot 
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be predicted through in vitro testing alone. Mouse models are easier to 

manipulate and being currently available for use, they are optimal for 

preliminary investigations into initial clinical outcomes, as the approach to 

engineer whole bioartificial organs. Although so far this approach has not yet 

succeeded in regenerating fully functional bioartificial organs, minimalistic 

approaches has been parsimoniously incorporated features of ECM molecules 

such as Collagen IV, RGD peptides or mimics in artificial scaffolds. However, 

proteomic studies have revealed that the ECMs of pancreatic tissue are made 

of 100 + proteins [32] and although reconstructing this complexity may be 

difficult and perhaps unnecessary [33], further proteomics studies aimed at 

characterizing in vivo ECMs should be exploited to guide the design of the 

next generation of bio-inspired scaffolds to support organ regeneration.
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