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Motivation
Type 1 diabetes is an autoimmune disorder characterized by the destruction of pancreatic islet 
cells which result in patients no longer generating their own insulin. Current treatments such 
as exogenous insulin injections, don’t cure the disease but attempt to minimize long-term 
complication with short term results. Islet transplantation is a potential long-term treatment 
for type 1 diabetes, but patients would require chronic systemic immunosuppression to 
prevent graft rejection, which result in terrible side effects. 

Islet cell transplantation via microencapsulation is a potential therapy to treat type 1 diabetes 
without the need for chronic systemic immunosuppression. The limiting factor is the geometry 
shape and dimensions in past microencapsulation devices, because it inhibits the proper 
oxygen and nutrient flow that the islets would need to survive. Smaller hydrogel geometry 
with increased surface area would increase the oxygen and nutrient flow to the islets to 
survive. The Weaver Lab can use finite element modeling to predict the oxygen profiles within 
devices with different geometries. By designing a device that has an improved geometry such 
as a spiral shown here, we can improve the flow of nutrients across the hydrogel barrier. 

The question at hand is if the geometries in the device can be reproducible in the 3D printed 
injection molds to be used on a clinical scale. 

Methods
The first experiment used all flexible material devices, printed on Formlab’s 3D resin printer. 
The experiment included 4 groups of different surface treatments with 5 trials each. (no device 
was used a second time for this experiment). The hydrophobic surface treatments on the 
devices includes: NW (NeverWet), NW+Serum (NeverWet & Serum), Serum, and nothing. The 
composition of the hydrogel included, 5% PEG + Ligand(RGD) & DTT w/ drop of orange food 
dye. 

The second experiment had 3 groups, one with flexible material and the other two with tough 
material, also printed on Formlab’s 3D resin printer. The flexible group had 4 trials with 
NW+Serum surface treatment. The other two groups consisted of different placements of the 
airholes on the spiral (EA=End Airhole, MA=Middle Airhole) with the surface treatment being a 
sheet of parafilm between the two halves of the device each with 5 trials. The composition of 
the hydrogel included 10% PEG+PEGDT (70% PBS/ 30% water) w/ a drop of orange food dye. 

After each trial in each experiment a picture was taken of the gel on each half of the device. 
That picture was then put on ImageJ to analyze the fill of the spiral and then compared to each 
of the other surface treatments as well as the top and bottom halves of each device.

Experiment 1 Results 
Comparison between each treatment Comparison of top and bottom part of device

Experiment 2 Results
Comparison between each treatment Comparison of top and bottom part of device

Obstacles Faced/Overcome
• Hydrogel crosslinks too fast to be able to have uniform fill of complete hydrogel 

(darker orange in the spiral and clear gel at injection port mean they did not 
mix properly) [1]

• Non-hydrophobic devices make the hydrogel stick to the device 
• The position of the airhole as well as the size of it 
• 3D printer out of alignment, hard to print with flexible material [2]

Conclusion and Future Studies
Within the design of the injection mold we can demonstrate that there is a lot of room 
for improvement. Improvements would be to have better devices with correct 
dimensions to produce the geometry in a whole piece that is retrievable out of the 
device. A future implication of the device would a shower head type model that would 
let the PEG sit in the spiral mold itself while the crosslinker evenly distributes itself on 
top of the PEG to eventually mix together. 
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Figures show running a one-way ANOVA it can be said that with 
95% confidence there is no significant difference between any of 
the different surface treatments for the filling of the hydrogel on 
the top or bottom parts of the device.

Figure shows running a Two-way ANOVA with Sidaks multiple comparison test, it 
can be said that with 95% confidence there is no significant difference between the 
top and bottom parts of the device with different treatments.

Figures show running a one-way ANOVA it can be said that with 95% 
confidence there is a significant difference between the fill of hydrogel in 
NW+Serum & MA (*) and NW+Serum & EA (**) on the top part of the 
device. Otherwise there is no other Significant difference between any of 
the other treatments. Then a Tukey’s multiple comparison test was done 
to confirm findings.

Figure shows running a Two-way ANOVA with Bonferroni’s multiple 
comparison test it can be said with 95% confidence that there is a 
significant difference between the top and bottom part of the MA w/ 
parafilm (*)

Figures from Experiment 1
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Figures from Experiment 2
Top Bottom

Figure shows the method of acquiring data for injection molding experiments: 
Take a picture, analyze the picture on ImageJ, analyze data on GraphPad Prism
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Figure 1. Synthetic 
hydrogel 
microencapsulation 
device which limited 
oxygen transport to 
encapsulated islets. 
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