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Summary: Tissue-specific delivery of stem cells holds the potential to regenerate damaged heart tissue and to restore its 
functions after Myocardial Infarction. Here we describe a novel cell encapsulation technique and an optimization method 
toward delivery of stem cells to damaged heart tissue. Induced pluripotent stem cells (iPS) were encapsulated in hybrid spheres 
of collagen and alginate and characterized for cell viability and spheres physical properties.

Background/Issue(s)/Objectives: Heart attack and failure is the number one cause of death in developed countries. Stem cell 
transplantation has been used as a promising therapy for heart disease. However, extensive cell attrition, and loss at the site 
of transplantation present a limit to therapeutic efficacy. We have hypothesized that cells viability, functionality, and target 
delivery will be enhanced by encapsulating the cells in hybrid collagen-alginate microspheres. Our main objectives are to 
develop cocooning techniques for effective delivery of viable stem cells to the damaged heart tissue and a mean to optimize 
microspheres properties with respect to size, shape, and encapsulated cells viability. 

Design/Method: Hybrid spheres of collagen and alginate were produced using a coaxial air jet flow technique. The method 
involves the gelation of a collagen-alginate-cell solution in a calcium chloride bath. Microspheres loaded with iPS were washed 
and transferred to a Petri dish containing culture medium and incubated at 37°C. Microspheres formation and morphology 
(shape and size) and viability of the cells were monitored and evaluated using light microscopy techniques. 

A 23 full multifactorial experimental design (MED) was employed to fabricate and test the spheres to determine optimum 
size, shape, and material composition. The effects of air flow rate, air gap distance and collagen to alginate ratio of the 
microspheres were studied.

Results: The MED results demonstrated that the air flow rate had a large effect on size, e.g. the higher the flow rate the 
smaller the spheres. Collagen to alginate ratio and air gap did not have a significant impact on size. The shape was, however, 
influenced by all factors. These findings allow us to fine-tune spheres to meet the size and shape criteria for different cell types. 
Spontaneous degradation occurred faster in spheres with higher collagen content compared to samples with less collagen. iPS 
cells were successfully encapsulated within the spheres and found viable over a 5-day period in culture. 

Conclusions/Next steps: Preliminary results reveal that viable iPS cells could be encapsulated in hybrid collagen-alginate 
spheres. The impact of air flow rate and spheres composition on sphere’s size and shape were determined. The next steps will 
include extensive biological and physical characterizations of microspheres, i.e. collagenase biodegradation, release mechanism 
of the cells, and injection in animal models.
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