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Bridging gaps between in vitro and in vivo studies of cancer targeted drug delivery systems using a 3D printed perfusion model
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[bookmark: _GoBack]To study the binding efficiency of surface modified silica nanoparticles to cancer cells under fluid flow conditions similar to those in human body, a 3D perfusion model was developed. The entire model was printed by a 3D printer. It consists of a flow cell, where scaffolds from biocompatible polymer poly-L-lactic acid can be inserted. The inner surface of the scaffolds was overgrown by cells and when scaffolds were placed side by side in the flow cell, they form a simplified tissue model. The advantages of this model are that scaffolds of different geometries can be printed, and also nanoparticle binding efficiency to different types of cells can be studied at the same time, because each scaffold can be overgrown with a different cell line. Fluid flow conditions in the flow cell were characterized qualitatively by MRI (laminar flow) and quantitatively, using Computational Fluid Dynamics to calculate flow velocities and shear stress within the model. Fluorescently labelled silica nanoparticles modified with a monoclonal IgG M75 antibody against a Carbonic Anhydrase IX (CA IX), an antigen characteristic for many types of hypoxic tumors, were used for adhesion experiments in the 3D model. The scaffolds were overgrown either with HT-29 colorectal cancer cells, expressing the CA IX antigen or DLD1 colorectal cancer cells, used as negative control. The binding efficiency of nanoparticles was evaluated by fluorescent spectrophotometry. Additionally, incorporating iron oxide nanoparticles into the silica nanoparticles allowed MRI visualization of nanoparticle binding to cancer cells.
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