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Abstract 
Recent advances in cell therapy and tissue engineering opened new windows for regenerative 
medicine, but still necessitate innovative techniques to create and image functional tissues. One 
promising approach is to associate magnetic nanoparticles with cells in order to supply them with 
sufficient magnetization to be detectable by MRI [1] or manipulated by magnetic forces [2], while 
maintaining cell viability and functionalities. A few years ago, we proposed the use of anionic iron oxide 
nanoparticles as efficient agents for  cell internalisation without impacting cell functions [1]. Recently we 
examined the influence of the amount of internalized iron and the state of nanoparticle aggregation on 
the capacity for mesenchymal stem cell differentiation and MRI single cell tracking [3]. We then 
demonstrated that high resolution Magnetic Resonance Imaging (MRI) allowed combining cellular-scale 
resolution with the ability to detect two cell types simultaneously at any tissue depth [4]. In parallel, we 
adressed the challenge to create a functional tissue from stem cells in vitro. The aim was to confine 
stem cells in three dimensions at the millimetric scale by using home-designed miniaturized magnetic 
devices, in order to create cellular patterns for cartilage tissue engineering [5]. The labeling of 
endothelial precursors provided as well new possibilities to create potential vessel substitutes [6]. Taken 
togeter, these results have fundamental implications for the use of magnetic nanoparticles for cell 
therapy, from MRI imaging studies of stem cell fate to tissue engineering.  
 
References 
[1] Wilhelm C, Gazeau F, Biomaterials, 29 (2008) 3161. Levy M, Luciani N, Alloyeau D, Elgrabli D, Deveaux V, Pechoux C, Chat 
S, Wang G, Vats N, Gendron F, Factor C, Lotersztajn S, Luciani A, Wilhelm C, Gazeau F, Biomaterials.  32 (2011) 3988. Lesieur 
S, Gazeau F, Menager C, Wilhelm C. J. Mat. Chem. 21, 14387-14393 (2011). Lartigue L, Wilhelm C, Servais J, Factor C, 
Dencausse A, Bacri J-C, Luciani N, Gazeau F. ACS Nano, 6 (2012) 2665. 
[2] Wilhelm C, Phys Rev Lett 101 (2008) 028101. Robert D, Nguyen TH, Gallet F, Wilhelm C, PLoS one 5, (2010) e10046. Robert 
D, Pamme N, Conjeaud H, Gazeau F, Alexander Iles A, Wilhelm C. Lab on Chip, 11 (2011) 1902. Robert D, Fayol D, Le Visage C, 
Frasca G, Brulé S, Ménager C, Gazeau F, Letourneur D, Wilhelm C, Biomaterials, 31 (2010) 1586. Chaudeurge A, Wilhelm C, 
Chen-Tournoux A, Farahmand P, Bellamy V, Autret G, Larghéro J, Thiam R, Desnos M, Hagège A, Gazeau F,  Clément O, 
Menasché P. Cell Transplantation, 21 (2012) 679. 
[3] Fayol D, Luciani N, Lartigue L, Gazeau F, Wilhelm C. Adv Healthcare Materials, 2 (2013) 312. 
[4] Di Corato R, Gazeau F, Le Visage C, P Levitz P, Letourneur D, Luciani N, Tillement O,  Wilhelm C. ACS nano, In revision. 
[5] Frasca G, Gazeau F, Wilhelm C. Langmuir. 25 (2009) 2348. Fayol D, Frasca G, Le Visage C,  Gazeau F, Luciani N, Wilhelm 
C. Advanced Materials, In press (2013). Patent B1224FR00. 
[6] Fayol D, Le Visage C, Ino J, Gazeau F, Letourneur D, Wilhelm C, Cell Transplant Jan 2 (2013). 

 
Figure 

 
From left to right : Magnetic nanoparticles are confined within intracellular endosomes, providing the cell 
with enough magnetization to be detected individually on high resolution MRI scans - Magnetically 
driven fusion of stem cell aggregates assembled by micromagnets results in the formation of a 
continuous tissue layer containing abundant cartilage matrix - A technological approach combining a 
tubular scaffold and magnetic endothelial cells allows creating a pluricellular and organized vascular 
graft, with in depth MRI detection of individual cellular components. 
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