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Cancer cells are exposed to complex microenvironments in primary organs and at the sites of distant metastases. When cancers progress, the tumor cells adapt to these environments and develop the ability to proliferate and invade into local structures. Cancer cells adapt to these environmental challenges through changes in gene expression leading to altered cellular metabolism and neovascularization. Optimally, in vitro systems that recapitulate these physical and chemical features could better define the precise functional roles of tissue matrices in cancer progression. However, in vitro studies using two (2D) model systems are limited by the lack of consistent correlation with in vivo systems. Devices developed by the NSEC have relevance as they can (1) present relevant nanoscale features and (2) incorporate specific physical and chemical elements of the tumor microenvironment.

We utilized these nanoscale features to develop a physiologically relevant device tracking glioma cell migration. Cells on aligned nanofibers migrated at an effective velocity of 4.2±0.39 µm/h compared to 0.8±0.08 µm/h on random fibers,1 closely matching in vivo models and prior observations of glioma spread in white versus grey matter. Cells on random fibers exhibited extension along multiple fiber axes that prevented net motion; aligned fibers promoted a fusiform morphology better suited to infiltration. Glioma stem cell-containing neurospheres seeded on random fibers did not show cell detachment and retained their original shape (Fig. 1); on aligned fibers cells detached and migrated in the fiber direction over a distance 6-fold greater than the perpendicular direction.  
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Figure 1. Representative frames showing cell dispersion from neurospheres seeded on aligned PCL fibers.




To demonstrate a device for scalable urea production we used 20, 150, 300, and 500 µm microwells in PS interfaced with PCL fibers.2 The arrays were cut into 15 mm diameter circles and affixed to the bottom of 12 well plates using vacuum grease (Dow Corning). The samples were sterilized using 70% ethanol solution and UV light. Human hepatocyte C3A cells were first suspended in medium and seeded on the platform at a density of 2.5x105cells/cm2, followed by a ~2 hour incubation to allow cell settling. The medium was subsequently removed, and the cells that remained outside the wells extracted by gently rinsing with PBS. The strongly hydrophobic character of PS (in contrast to that of tissue culture PS) effectively prevented cell adhesion on the array surface. The limited adhesiveness of the microwell array material, combined with enhanced cell retention on the fibrous regions conferred by the 3D-like character of the fibers, favored preferential cell seeding inside the fibrous wells in comparison to conventional wells. Cell retention on this platform was superior (p=1.07-7) to traditional microwell arrays. The number of cells per microwell could be controlled by adjusting the dimensions of the well. We investigated hepatocyte-specific functions on our platform after 2, 4 and 8 days of culture by measuring urea synthesis. Enhanced urea synthesis compared to a cell monolayer on TCPS was observed at all times. When the increased rate of cellular activity was considered, we found a significantly higher (p=0.0024332) value for platforms utilizing 150 µm wells (32.01±1.22%/day) compared to 300 µm wells (25.20±1.22%/day) from days 4 to 8. Smaller wells apparently favor longer-term cell activity, perhaps due to less-impaired oxygen transport. 

Islet transplantation is the transplantation of isolated islets into a person as an experimental treatment for type 1 diabetes. Once transplanted, the islets should produce insulin to actively regulate the level of blood glucose. If islet precursor cells fail to cluster there is no differentiation and no insulin production. Thus, making cells cluster facilitates islet cell formation. While large clusters with a wide variety of diameters contain oxygen-depleted necrotic core, very small clusters are unlikely to trigger the desired differentiation.  In addition, any techniques used should be economically and practically amenable to scale up to allow for their potential for translation to clinical use. Our goal, then, is to use microfabrication to generate devices containing islet like cells clusters producing insulin of a uniform optimized size creating the desired cell differentiation. Our work supports the hypothesis that cell clustering is an independent requirement or stimulus for islet cell differentiations (i.e., making cells cluster facilitates islet cell formation).  In this work, cell clustering was spatially controlled by using microfabricated polymethyl-methacrylate (PMMA) membranes with arrays of circular through holes backed by electrospun fiber. Five different materials were used to microfabricate membranes for the facilitation of achieving cell aggregates with desired cell differentiation under control conditions. Nanofibers.














































