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Microencapsulation of stem cells offers a means to protect stem cells from early destruction by inflammatory products after acute ischemic events and also enables immunoprotection of stem cells without the need for immunosuppression.  However, alginate microencapsulated stem cells typically contain 30-100 stem or progenitor cells and are too large, i.e., 300-500 micron diameter, for intracoronary or intramyocardial delivery.  Our laboratory has recently developed a novel microfluidic device that enables “on-chip” alginate microencapsulation of individual microencapsulated stem cells on the order of 40-50 microns.  Unlike previous microfluidic devices, stem cell encapsulation is rapid and using a pressure controlled valve prevents nozzle clogging to enable high throughput encapsulation.  Viability testing of microencapsulated mesenchymal stem cells was >90% at 3 days post-encapsulation.  By impregnating the microcapsule with clinical approved contrast agents such as perfluorocarbons, barium sulfate, or iron, the capsules can be visualized during injection with ultrasound, X-ray, or MRI on clinical imaging systems.  A prototype single cell encapsulation using superparamagnetic iron oxides (SPIOs) were injected transendocardially using MRI-guidance on a clinical 3T scanner (Trio, Siemens, Germany) in a normal pig.  The prototype therapeutic could be visualized during direct injection by MRI.  However, at one week post-injection the capsules were no longer visible, most likely due to the low iron content hindering sufficient MRI sensitivity.  The new proposed single stem cell microencapsulation shows promise for the administration of allogeneic or xenogenic stem or progenitor cells to the myocardium for cardiac regenerative therapy.

