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Construction of 3D Tissue-Like Structure Using Functional Magnetite Nanoparticles
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Magnetic nanoparticles for medical applications have been developed by many researchers. Since these nanoparti-

cles have unique magnetic features not present in other materials, they can be applied to special medical techniques.

Magnetite cationic liposomes (MCLs), one group of the cationic magnetic particles, can be used as carriers to introduce
magnetite nanoparticles into target cells since their positively charged surface interacts with the negatively charged cell
surface. Magnetite nanoparticles conjugated with antibodies (antibody-conjugated magnetoliposomes, AMLs) are ap-
plicable to introduce magnetite nanoparticles specifically into target cells, even when target cells coexist with other kinds

of cells. Since the cells labeled with magnetite nanoparticles could be manipulated using magnets, we applied this tech-

nique to tissue engineering and termed it ‘magnetic force-based tissue engineering (Mag-TE)’. Both magnetic force and
functionalized magnetite nanoparticles were used in a process of tissue engineering: construction of multilayered cell
sheet-like structures and tubular structures. Thus, the applications of these functionalized magnetite nanoparticles with
their unique features will further improve tissue engineering techniques.
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Fig. 1. Functional Magnetite Nanoparticles
Magnetite cationic liposomes (MCLs, left figure) and antibody-conjugated magnetoliposomes (AMLs, right figure) are illustrated.
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Fig. 2. Construction of Keratinocyte Sheets by Mag-TE

(A) Schematic of Mag-TE for keratinocyte sheets. After addition of the MCLs, keratinocytes were seeded into an ultra-low-attachment plate whose surface
was comprised of a covalently bound hydrogel layer that is hydrophilic and neutrally charged. A cylindrical neodymium magnet was then placed at the reverse side
of the low-attachment plate to provide magnetic force vertical to the plate, and the cells were cultured. At 1 day after the start of culture, the magnet placed at the
reverse side of the ultra-low-attachment plate was removed. Then, the keratinocyte sheets constructed by Mag-TE were harvested. (B) Bright-field photographs of
hematoxylin and eosin-stained cross-sections of keratinocyte sheets constructed by Mag-TE. Keratinocytes labeled with MCLs formed even 5-layered sheets. (C)
Transmission electron microscope observation revealed desmosomes connecting adjacent cells in sheets fabricated by Mag-TE.
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Fig. 3. Construction of 3-D HAEC and Hepatocyte Co-cul-
tures by Mag-TE
HAECs were incubated in medium containing MCLs for 8 h and seeded
onto rat hepatocyte monolayers, then a magnet was positioned. A bright-
field photograph of hematoxylin and eosin-stained sections of co-cultured
hepatocytes and HAECs with a magnet is shown. In the presence of a mag-
net, HAECs evenly attached to the hepatocyte layer throughout the wells.
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Fig. 4. Construction of Cardiomyocyte Sheet by Mag-TE

(A) Bright-field photograph of cardiomyocyte sheet constructed by Mag-TE. (B) Representative of signals (from microelectrode nos. 10, 18, 26, 34, 42, 50) by
cardiomyocytes within the sheet constructed by Mag-TE, acquired by the multielectrode extracellular potential mapping with 8 by 8 microelectrodes.
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Fig. 5. Transplantation of Mesenchymal Stem Cell Sheets Constructed by Mag-TE

(A) An electromagnet for transplantation of MSC sheets. (B) Histological analysis (hematoxylin and eosin staining) of in vivo bone formation by MSC sheets
on day 14 after transplantation. Low- and high-power histology of defects without implanted MSC sheets (control) and with implanted MSC sheets are shown.
Numerous fibroblasts and adipocytes were observed in the control. When MSC sheets were transplanted, new bone formation and osteoblasts were apparently ob-

served throughout the defect site.
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Fig. 6. Incorporation of Capillary-like Structures into Dermal Cell Sheets Constructed by Mag-TE
Two major morphologic changes that regulate HUVEC tube development include lumen formation and sprouting, which control how HUVECS interconnect
into 3-D networks. Fluorescence microscopic images of HUVECs co-cultured with NHDF sheets revealed lumens consisting of two HUVECs (A), as well as sprout-

ing with long cord-like structures (B).
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Fig. 7. Construction of Tubular Tissues by Mag-TE
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(A) Procedure for construction of tubular structures by Mag-TE. A cylindrical magnet whose magnetic poles were on its curved surface was inserted into a sili-
con tube. Then, this magnet/tube combination was rolled over the magnetically labeled cells. The canine urothelial cells were used for construction of a tissue-en-
gineered ureter. For the construction of blood vessels, the endothelial cells (ECs) were applied first, followed by application of the smooth muscle cells (SMCs) and
fibroblasts (FBs). After 1-d culture period, the silicon tube and cylindrical magnet were pulled out of the cell construct, producing tubular constructs of tissue en-
gineered urothelial and vascular tissue. (B) Bright-field micrograph of hematoxylin/eosin-stained cross-sections of urothelial tissue constructed Mag-TE. (C)

Fluorescence microscopy of the vascular tissue constructed by Mag-TE.
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