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3-D bioprinting using Reactive Jet Impingement printer under development in New-

castle. Individual printed drops of roughly 50 µm are deposited in a highly ordered 
ordered and rapid fashion. 

To successfully introduce a disruptive technology such as 
3D bioprinted microtissues, it is important to understand the 
supply chain and product stakeholders. Below, are sche-

matics illustrating these for islet transplantation in the UK.  

 

By understanding the dynamics of the islet transplantation 
process, we have proposed interventions to introduce new 
technologies and redistribute islet manufacturing to benefit 

patients. 

 

 
 Re-mapping the Supply Chain 

Stakeholder map for islet transplantation in the UK 

Proposed supply chain of 3-D bioprinted islet microtissue  



 

Understanding the native islet 

micro-environment 

 

Engineering a bio-ink 

 To effectively re-engineer the micro-environment of native 
islet cells, we first needed to gain a deeper understanding 
of the content, micro-structure, and distribution of key 

structural proteins which make up the islet. 

 

 

 

 

 

 

 

 

Transmission Electron Microscopy (TEM) Images of the Characteristic 

Basement Membrane. a) The peri-islet capsule basement membrane 

(BM) making up the Interface between endocrine and exocrine cells. 

The BM is composed of three layers: the lamina lucida (LL), Lamina 

densa (LD) and Lamina fibroreticularis (LF). Distinct directionally or-

ganized bundles of collagen fiberes were observed in this space. b) 

The characteristic double layer BM (arrows) was observed surround-

ing the endothelial cells (EC) within an islet capillary.  

Fluorescent Microscopic Images of Pancreatic Tissue Sections Demon-

strating Collagen Distribution in Native Islets of Langerhans.  Pancre-

atic tissue sections were stained for nuclei (blue), insulin (green) and 

with antibodies against either: a) Collagen I; b) Collagen IV. Both 

types of collagen were observed in the peri-islet capsule basement 

membrane as well as in the basement membrane within the vessel 

walls around the capillaries. Despite focused investigation, no collagen 

was found between individual endocrine cells. 

 To mimic the islet micro-environment and provide structure 
for 3D bioprinting, a novel thermo-responsive bio-ink was 

developed and investigated for suitability.  

 This bio-ink is composed of a natural polymer hydrogel 
made with 3 components as a 2:1:1 mixture of  collagen, 
alginate and fibrin (CAF) was developed and investigated 
at three collagen concentrations (0.5%, 1% and 2.5%). 

 CAF hydrogels were characterized for their physic-
mechanical properties; and their bio-compatability tested 

us-
i ng 

a 

CAF hydrogels exhibit a thermal phase change moving from a viscous 

liquid at 4 °C to a solid gel at 37 °C. Futhermore, these gels can be 

extruded at lower collagen concentrations; demonstraiting suitability 

for 3D bioprinting applications. 

Cytotoxicity and viability of MIN6 cells seeded on the surface of 

CAF hydrogels. Cells proliferated and maintained a high viability 

over 7 days. 

Microstructure and organisation of synthesised hydrogel. SEM (top) 

and TEM (bottom) of CAF hydrogel at different collagen concentra-

tions: A) 0.5% w/w, B) 1% w/w, C) 2.5% w/w  

 Diabetes, the inability to maintain normal glucose levels, is 
a global problem contributing to escalating healthcare 

costs worldwide.   

 10% of the NHS yearly budget is dedicated to treatment of 

diabetes and its complications.  

 Type 1 diabetes is typically treated by careful monitoring of 

blood glucose levels and insulin replacement therapy  

 In some cases where glucose is particularly unstable, insu-
lin replacement therapy is not enough and transplant op-

tions must be considered.  

 Islet transplantation is a non-invasive 'micro-tissue' based 
cell therapy presently aimed at restoring function by isolat-
ing  islets of Langerhans from a donor pancreas and infus-
ing these islets into the portal vein where they engraft and 

produce insulin.  

 

 

 

 

 

 

 

 

 Presently, many islets are lost prior to engraftment. 

  One of the major driving forces for these losses is the 

highly variable nature of isolated islets.  

 This project aimed to address this variability by utilizing 3D 
bio-printing to create islet-like microtissues with a pre-

defined specification including : 

        - Standardized islet size <150 μm  

        - High cell viability throughout the micro-tissue 

        - Standardized extracellular matrix composition 

Isolated islets of Langerhans stained red by dithizone 
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