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Introduction

Diabetes mellitus [DM] has reached pandemic levels 
and represents a growing burden both on health-care 
expenditures as well as the quality and quantity of life for 
afflicted individuals. β-cell replacement through either islet 
or pancreas transplantation (PTX) are the only therapies able 
to reliably re-establish a stable euglycemic state, long-term. 
Factors such as the lack of suitable donor, the burden of lifelong 
immune suppression, and financial issues limits the access of 
transplantation. Therefore identification of a new potentially 
inexhaustible source or method for β-cells for transplantation 
is extremely urgent. Among the different technologies under 
development, the seeding of cells on supporting scaffolding 
material (cell-on-scaffold seeding technology, CSST) appears 
to offer the quickest route to clinical application [1]. This 
technology is based on the striking evidence that extracellular 
matrix (ECM) proteins and structures play fundamental roles 
in the determination, differentiation, proliferation, survival, 
polarity, welfare and migration of cells. Various studies developed 
method that, through the detergent-based decellularization of 
porcine and human organs, allows successful and consistent 
production of a cellular extracellular matrix (ECM) scaffolds 
[2,3]. Cells obtained from the patient’s pancreas, or induced 
pluripotent cells reprogrammed from patient’s fibroblasts will 
be seeded in the 3D framework of ECM scaffolds produced from 
pancreata of allogenic human origin and characterized the 
molecular, physical, and immune properties of human pancreas 
acellular ECM scaffolds together with their cyto-compatibility. 
Literatures shows that Bio-artificial Pancreas generated from 
ECM scaffold technology maintain their innate molecular and 
spatial framework and stiffness, as well as vital growth factors.

The regenerative technologies that are currently being 
implemented to bioengineer pancreatic tissues for transplant 
purposes can be broadly classified into the following categories: 

1) Islet encapsulation, 

2) Biomaterial carriers, and 

3) Whole-organ bioengineering.

 
Islet Encapsulation

Encapsulation protocols involve packaging islets within 
semi-permeable, bio inert membranes that selectively allow 
the passage of oxygen, glucose, nutrients, waste products, and 
insulin while preventing penetration by immune cells.

Biomaterial Carriers

The immune-related obstacles facing islet encapsulation have 
prompted investigators to explore regenerative technologies 
using auto-logous cells and bio-inert carriers. These emerging 
technologies employ recellularization protocols designed to 
seed pluripotent cells onto scaffolds capable of driving cellular 
proliferation and differentiation. Researchers have sought to 
artificially fulfill the anchorage requirement using biomaterial 
carriers that mimic the structure of native extracellular matrix 
(ECM). These carriers serve the functions of delivery platform, 
transitory structural support, and mechanical immune barrier, 
thus enabling islet transplantation into heterotopic sites [4]. 
Several biomaterial carriers have been investigated, including 
poly-lactic-coglycolicacid, poly vinyl alcohol, poly(ethylene 
glycol), poly(N-isopropylacrylamide), and biopolymer films [5]. 

Pancreatic Extracellular Matrix

The native pancreatic ECM is a 3-dimensional (3D), structural 
framework of proteins in a state of “dynamic reciprocity” 
with the cells of the endocrine pancreas [6]. The most well 
characterized components of the ECM are the laminins, a family 
of approximately 15 to 20 trimericglycoproteins [7].

Decellularization–Recellularization

ECM scaffolds from whole animal or human-cadaveric organs 
can be generated through detergent-based decellularization. 
Current decellularization techniques are capable of removing 
DNA, cellular material and cell surface antigens from the ECM 
scaffold while preserving attachment sites, structural integrity 
and vascular channels [8]. Decellularization protocols involve 
the repeated irrigation of cadaveric tissues with detergents 
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or acids through the innate vasculature, although organs with 
higher fat content, like the pancreas, often require the addition 
of lipid solvents, such as alcohol [9]. Standard protocols employ 
a combination of ionic and nonionic detergents, enzymatic 
nucleases and antimicrobials, although the optimal composition 
and concentration of the detergent solution varies with the 
size, age, and density of the organ. Though previous studies 
reported that pancreatic decellularization may disrupt ECM 
protein ultra-structure [10]. Recent characterization studies of 
the decellularized porcine pancreas confirmed the sweeping 
presence of the essential structural proteins including different 
types of collagen, elastin, fibronectin, and laminin [11].

The decellularized, sterilized ECM serves as the scaffold 
on which pluripotent cells are seeded with the intent to 
reconstitute the cellular compartment (recellularization). 
Organs bioengineered from auto-logous cells may enable 
surgeons to successfully address the 2 major obstacles currently 
facing organ transplantation: (1) the need for a new, ideally 
inexhaustible source of organs and (2) the achievement of an 
immune suppression-free state post transplantation. A critical 
advancement in the field of organ bioengineering has been the 
development of suitable bioreactors. These devices allow for 
the continuous support, monitoring, and manipulation of the 
biological, biochemical, and biophysical processes involved in 
organ bioengineering. 

Whole-Pancreas Bioengineering

Larger organs with greater parenchymal mass require 
higher perfusion pressures, stronger detergents and prolonged 
detergent exposure that may damage the native architecture 
and ECM proteins [3]. De Carlo et al. [11] report the successful 
subcutaneous implantation of PVA/PEG tubular devices 
containing slices of rat pancreas and liver recellularized with 
differentiated murine islets. Conrad et al. [12] report abbreviated 
findings describing the successful recellularization of murine 
pancreatic matrix with human islet cells and supportive 
MSCs. The islets showed preserved glucose-stimulated insulin 
response, cell viability, subcellular anatomy, and attachments.

Recently it was reported the generation of intact, whole-
organ ECM scaffolds from porcine pancreata [13]. Successful 
decellularization was achieved by per-fusing the innate 
vasculature with detergents administered via cannulas in the 
pancreatic duct and superior mesenteric vein. It remains unclear 
whether the decellularized pancreatic ECM can support the 
proliferation and differentiation of stem cells into the variety of 
cell types that compose the mature human pancreas. Even after 
the generation of a bioengineered pancreas has been achieved, 
further transplantation studies will be required to assess long-
term viability, coagulation, revascularization, reinnervation, 
fibrosis, and potential for tumor growth.

Conclusion

These technologies rely on a robust understanding of the 
extracellular matrix (ECM), the supportive 3-dimensional 
network of proteins necessary for cellular attachment, 
proliferation, and differentiation. Although these functions 
can be partially approximated by biosynthetic carriers, novel 
decellularization protocols have allowed researchers to discover 
the advantages afforded by the native pancreatic ECM. The native 
ECM has proven to be an optimal platform for recellularization 
and whole-organ pancreas bioengineering, an exciting new field 
with the potential to resolve the dire shortage of transplantable 
organs.
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