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Type 1 diabetes mellitus, where autoimmunity destroys pancreatic islets, is 

characterized by a failure to manage blood glucose and potentially fatal 

hypoglycemia, and impacts 1.25 million US citizens with a $15 billion fiscal cost 

every year (1). Islet cell replacement via cell transplantation is a promising cell 

therapy to restore regulation of blood glucose in patients afflicted by type 1 

diabetes mellitus, but is limited by the need for multiple donor pancreata due to 

rapid graft destruction and immune rejection (2). Hydrogel encapsulation devices 

have been proposed as a means to prevent immune system recognition of 

transplanted cells, thereby restoring euglycemia (3). 

This research tests the viability of alternatively functionalized poly(ethylene glycol) 

(PEG) macromers for a nondegradable synthetic hydrogel macrodevice with a 

slower gelation rate than the ‘gold standard’ PEG-maleimide (PEG-MAL), thereby 

enabling fabrication of complex geometries. These geometries would encapsulate 

islet cells while enhancing vascularization and oxygenation to improve graft 

survival.

MALDI Characterization for 
Crosslinker Formation1. Synthetic hydrogel chemistries & reaction characterization 

2. Mechanical properties of macroencapsulation devices 

Successful reactions identified via MALDI data indicate the potential for multiple synthetic hydrogel chemistry 

‘crosslinker + PEG’ alternatives to PEG-MAL, some of which may demonstrate a slower gelation rate as desired. 

Once gelation has been established for the different reaction schema within a reasonable time frame, we will conduct 

rheological measurements to assess exact gelation time via storage and loss modulus crossover, as well as model 

the in vivo response, analyze crosslinking efficiency, and conduct the Fenton degradation test to assess hydrogel 

biostability. Successful alternative hydrogel chemistries will be concurrently tested in 3D injection molds to create 

complex device geometries for better oxygen and nutrient flow to encapsulated islets. 
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Complex geometry injection mold for synthetic hydrogel

macroencapsulation device with improved oxygen transport to

encapsulated islets (Designed & 3D-printed by Alec McCall).
Fig 2. Strain sweep at 1 Hz of 400 µL 5% PEG-MAL hydrogel with 0.001 M RGD ligand (PEG-

MAL + RGD pre-reacted 30 min), n=3 (A) Storage Modulus (B) Loss Modulus
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Fig 3. (A) MALDI-TOF MS of TCO-PEG-TCO and

mTetrazine DBCO in DMSO reacted 2 weeks at RT with

molar ratio of [mTetrazine DBCO]/[TCO-PEG-

TCO]=20.85/1 (B) mTetrazine DBCO control in DMSO at

RT (C) 4.88 mM TCO-PEG-TCO control in DMSO at RT.
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Fig 1. Reaction Scheme for (A) 2 component PEG hydrogel or (B) 3 component PEG hydrogel. An

additional planned reaction not shown above will be to slow the PEG-MAL reaction with DTT by protecting

the thiols on the crosslinker with a protecting group that will then be UV activated.
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