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cate cell-cell and cell-matrix interactions and complex transport to culture 3D cell cultures under different biochemical or envidynamics for nutrients and cells1–5. Although standard 2D or ronmental conditions, and then analyze them using common
monolayer cell culture has been crucial for the development of
biological research techniques, such as IHC 17,18 and western
modern biology, it inadequately recreates the natural environ- blotting19. The ability to magnetically manipulate 3D cultures
ment within which cells reside. This lack of fidelity to the native also allows for fine spatial control and more complex environtissue can be a severe limitation in many situations, including ments. For example, the MLM was used to create an invasion
drug screening for toxicity and efficacy6–9. This limitation has led assay between two separate cultures of human glioblastoma and
to the development of in vitro 3D cell culture techniques designed normal astrocytes to investigate the mechanisms of glioblastoma
to provide a more physiologically relevant cellular environment
invasion13,19. The MLM has also been used to create coculture
that could potentially improve basic research and the drug dis- models of the bronchiole17 by sequentially assembling multiple
covery process1–5,10–12.
3D cultures in a layered fashion. In addition, the MLM has been
We recently developed the MLM to produce 3D cell cultures13. used to differentiate stem cells in 3D; 3T3-L1 preadipocytes and
In this method, a magnetic nanoparticle assembly comprising gold
adipose stem cells were differentiated into adipocytes and formed
nanoparticles, iron oxide and cell-adhesive peptide sequences is into a vascularized adiposphere in coculture with endothelial
Magnetically levitated 3D cultures. 3D cultures as seen from the13–16
. cells18,21. These 3D cultures are also scalable in size, so that
delivered to cells in 2D culture to render these cells magnetic
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lated with the external application of magnetic forces13. In particu- in this protocol but also larger cultures can be constructed in
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The MLM generally uses the magnetic nanoparticle assembly within hours of levitation17. The MLM also does not require any
to promote delivery of the magnetic nanoparticles, making the
specialized media or a minimum serum concentration. In genMLM broadly applicable to most cell types13,17,18. Indeed, the eral, 3D cultures are cultured using the preferred medium for
MLM has been successfully used to make 3D cultures with all cell 2D cultures. For example, bronchial epithelial cells have been
types tested to date, including cell lines, stem cells and primary assembled in 3D without serum, owing to their sensitivity in 2D,
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