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Construction of Three-Dimensional Tissues with Controlled Cell Density by Formation of Collagen Nanofiber
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This study reported fabrication of micrometer-sized collagen-nanofiber matrices on cell surfaces for in
vitro construction of three-dimensional (3D) tissues. In this study, formation of the collagen-nanofiber
matrices on cell surfaces was successfully optimized by controlling physicochemical factors. Thickness of the
collagen matrices was controlled from 3 to 40 um by multiple coating. Two-dimensional distance between the
coated cells was longer than that of uncoated cells. Furthermore, thick 3D-tissues with over 1 mm thickness
were easily constructed by seeding the coated cells into cell-culture insert. The obtained novel 3D-tissues will
be useful for tissue engineering and pharmaceutical applications.

In Chapter 1, 0.03 wt% type | collagen solutions were applied to coat cell surfaces by collagen-nanofiber
matrices. Furthermore, thickness of the collagen nanofiber matrices on cell surfaces was modulated via
multiple coating. Although cell proliferation speed of the coated cells decreased with increasing thicknesses
of the collagen matrices on cell surfaces, cell viabilities were over 95% independent of the thickness.
Two-dimensional distance between the coated cells was longer than that of uncoated cells. Thick 3D-tissues
with controlled cell density were easily constructed after 1 day culture.

In Chapter 2, triple-helix structures of collagen molecules on cell surfaces or in collagen gels were
characterized from nanometer- to micrometer-sized levels. Formation of collagen nanofibers on cell surfaces
was accelerated at both body temperature and neutral pH conditions. X-ray diffraction analyses suggested that
triple-helix structures of collagen molecules were stable after adsorption on cell membrane. The results
indicated that cell surface did not have any effect on triple-helix formation of collagen molecules.

In Chapter 3, thickness of 3D-tissues using the coated cells was controlled by altering coating times.
Three-times coating provided thickest 3D-tissues with over 2 mm (2000 um). By changing coating times and
seeding cell number, thickness of the obtained 3D-tissues was easily controlled from 5 to 2000 um. Besides,
cell-cell distance and cell density were also controllable by altering these factors. Moreover, when both two-
and three-times coatings were employed for tissue construction sequentially, 3D-tissues with gradient cell
densities were successfully constructed.

In Chapter 4, different kinds of cells such as induced pluripotent stem cells derived cardiac myoblasts
(iPSC-CMs) and Human umbilical vein epithelial cells (HUVECs) were employed in this study for
construction of functional thick 3D-tissues. The 3D-iPSC-CM tissues with 1 mm thickness were successfully
constructed by this coating method, and synchronous beating was observed during incubation for over 1 week.
When sandwich culture of HUVECs between ten-layered normal human dermal fibroblasts (NHDF) was used,
blood-capillary network was formed inside the 3D-thick tissues. These functional thick 3D-tissues will be
useful as an implantable tissue for regenerative medicine and as a human tissue model for pharmaceutical
assessment.
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