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Abstract 

The use of immunoisolating macrodevices in islet transplantation confers the benefit of safety and translatability 

by containing transplanted cells within a single retrievable device. To date, there has been limited development 

and characterization of synthetic poly(ethylene glycol) (PEG)-based hydrogel macrodevices for islet encapsulation 

and transplantation. Herein, we describe a two-component synthetic PEG hydrogel macrodevice system, designed 

for islet delivery to an extrahepatic islet transplant site, consisting of a hydrogel core cross-linked with a non-

degradable PEG dithiol and a vasculogenic outer layer cross-linked with a proteolytically sensitive peptide to 

promote degradation and enhance localized vascularization. Synthetic PEG macrodevices exhibited equivalent 

passive molecular transport to traditional microencapsulation materials (e.g., alginate) and long-term stability in 

the presence of proteases in vitro and in vivo, out to 14 weeks in rats. Encapsulated islets demonstrated high 

viability within the device in vitro and the incorporation of RGD adhesive peptides within the islet encapsulating 

PEG hydrogel improved insulin responsiveness to a glucose challenge. In vivo, the implementation of a 

vasculogenic, degradable hydrogel layer at the outer interface of the macrodevice enhanced vascular density 

within the rat omentum transplant site, resulting in improved encapsulated islet viability in a syngeneic diabetic rat 

model. These results highlight the benefits of the facile PEG platform to provide controlled presentation of islet-

supportive ligands, as well as degradable interfaces for the promotion of engraftment and overall graft efficacy. 

1. Introduction 

Type 1 diabetes (T1D) mellitus, characterized by the autoimmune destruction of insulin-secreting beta cells 

within pancreatic islets, affects 1.25 million individuals in the United States [1], resulting in a $15 billion annual 

financial burden [2]. Current treatment for T1D is limited to exogenous insulin injections, which cannot adequately 

restore normal glycemic control, resulting in a high incidence of long term secondary complications [3]. Islet cell 

replacement therapy has demonstrated the ability to restore native insulin signaling patterns and has the potential 

to eliminate long term complications of the disease [4, 5]. The required chronic systemic immunosuppression 

regimen for this allogeneic organ transplant, however, is an unrealistic burden for the vast majority of T1D patients 

[6], necessitating alternative strategies to mitigate immune rejection of transplanted islets that can widen the 

applicability of this transformative therapy for insulin-dependent patient populations [7]. 

Encapsulation of transplanted cells within biomaterials has long been proposed as a method of circumventing 

chronic systemic immunosuppression by preventing the cell-to-cell contact that results in direct antigen 

recognition by the immune system [8-10]. This strategy spans the scale of nano-, micro-, and macro-encapsulation 

[11, 12]. Microencapsulation is the most heavily investigated strategy, wherein 1-3 islets are commonly 

encapsulated within a hydrogel and delivered to the intraperitoneal space [9], due to the space required by the 

volume of such a graft [13]. To date, there has been limited translational success of microencapsulation due to lack 

of graft function, as well as safety limitations of non-retrievable capsules within the intraperitoneal space. Human 

trials demonstrate microcapsule adhesion to parietal peritoneum, spleen, kidney, and omentum, raising concerns 

about the long-term safety of intraperitoneal capsule delivery [14]. 



Download English Version:

https://daneshyari.com/en/article/6484481

Download Persian Version:

https://daneshyari.com/article/6484481

Daneshyari.com

https://daneshyari.com/en/article/6484481
https://daneshyari.com/article/6484481
https://daneshyari.com

