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Abstract of Thesis

In this thesis, robust artificial basement membranes (A-BMs) based on nanometer-sized multilayered films
were constructed by layer-by-layer (LbL) assembly technique, and their barrier ability to main cell
compartmentalization in three-dimensional (3D) tissues was investigated.

Firstly, the fabrication of A-BMs was introduced based on type IV collagen and laminin multilayered
nanofilms (Col-IV/LM) by LbL assembly approach, which are the main components of natural BMs, to imitate the
structure and biofunctions of natural BMs in vitro. The simple operation and materials-versatility of the LbL
assembly method enable the fabrication of nanometer-sized films with controllable components and thickness.
The obtained multilayered Col-IV/LM nanofilms showed adjustable components, thickness, and porous networks,
similar to natural BMs. Meanwhile, a wide range of surface roughness and Young’s modulus of Col-IV/LM
nanofilms were achieved by simply changing the concentrations of assembly solutions, allowing for their
application as A-BMs in different tissues in vitro. Benefit by the specific interactions between Col-IV, LM and cell
membrane, cell functions, including cell adhesion, proliferation, differentiation, were enhanced on A-BMs.
Col-IV/LM nanofilms acting as a physical barrier permitted the compartmentalized coculture of fibroblasts and
endothelial cells but allowed cell-cell crosstalk by molecular permeability through the porous networks.
Furthermore, a robust A-BMs based on crosslinked Col-IV/LM nanofilms was developed by adding TGase on 3D
fibroblast tissue. By in-situ cross-linking, the stability of A-BMs maintained between endothelial cells and
fibroblast tissues was improved, contributing to the maintenance of cell compartmentalization for a longer time.

In order to further describe the possibility of Col-IV/LM nanofilms serving as A-BMs, the microstructure and
biofunctions were compared with natural BMs.

Compared with natural BMs, the network density of Col-IV/LM Nanofilms was slightly lower, possessing a
larger pore size and fiber diameter, which caused a higher molecular permeability (2.6 %) than the results in vivo.
It is worth noting, however, that pores and fibers structure of nanofilms were observed at a dry state and that will
vary with wetting conditions. Meanwhile, thanks to their versatility and simple operation, the thickness and
Young’s modulus of Col-IV/LM Nanofilms were controllable over a wide range to satisfy the requirements in
different tissues. Although the obtained A-BMs could assist in preventing cell migration for up to 5 days which
was much lower than the stability of natural BMs maintaining cell compartmentalization, the construction speed
of Col-IV/LM nanofilms was much quicker than the self-development by cells/tissues. It has been reported that in
the case of immortalized alveolar type-II epithelial cells cultured with Matrigel in vitro, the globular or fibrous
deposits of laminin were fused into a mesh or a partly plugged mesh after 5 days of culture and a thin BM sheet
formed after 10 days of culture. Therefore, A-BMs based on Col-IV/LM nanofilms will play an essential role in
maintaining organized cell co-culture before the secretion of BMs components and assist the assembly and
formation of regenerative BMs in 3D tissues.

Furthermore, shape-customized Col-IV/LM multilayered nanofilms were fabricated successfully in 3D tissues
directly by the combination of the LbL assembly approach and inkjet printing. Patterned fibroblasts and
endothelial cells co-culture were achieved by the assistance of shape-customized A-BMs, contributing to the
construction of patterned 3D tissues in vitro and providing more reliable organized tissue models for evaluating

drug efficacy, nanotoxicology, and implantation.
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