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Statement of the Problem: Polymer-based capsules have been used as the standard of care for 30+ years for stem cell delivery. They have been shown to be highly bio-incompatible as they trigger an untoward inflammatory response that clogs the capsule through-pores necessary for cell survival. 
Methods: This study introduces a new classification of materials for improved stem cell delivery and function: biodegradable and non-biodegradable metal nanometer printed through-porous membranes. In this study, precise complete through nano-sized pores were created through additive manufacturing in several known medical grade metals (such as Ti, stainless steel, and MgO). Some were further modified to possess a nanoscale topography to promote neovascularization and inhibit inflammation. 
Results: Results of this study demonstrated the ability to create through-pores in any of the aforementioned metals nanometer in size to selectively promote or inhibit insulin or IgG passage, respectively (Figure 1).  In vitro, these metals were shown to inhibit inflammation and promote neovascularization. Additionally, we have demonstrated the selective release of insulin analogs (for diabetes applications) while restricting the passage of IgG (which initiate an inflammatory response).  Due to their nanoscale pore size, complete inhibition of IgG adsorption and infiltration was measured in “tailored” nanophase porous metal membranes. The size of the nanopores can be precisely controlled to selectively promote or inhibit the passage of numerous biomolecules through printing. Impressively, in vivo, such through-porous nanometals were shown to significantly improve new blood vessel formation with reduced inflammation imperative for maintaining viable stem cells for delivery and use (Figure 2). 
Conclusions: This study introduces a brand new classification of materials, through-porous printed nanometals, for improved stem cell delivery and function. It demonstrated superiority over traditional polymer stem cell delivery materials through in vitro and in vivo studies. 
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Fig. 1: SEM image of through-porous nanometals.
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Fig. 2: In vivo increased new blood vessel formation surrounding through-porous nanometals. ViaCyte is an FDA approved polymer stem cell delivery device.
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Cross-section SEM: Ti through-porous membrane
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