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a b s t r a c t

Developing artificial scaffolding structures in vitro in order to mimic physiological-relevant situations
in vivo is critical in many biological and medical arenas including bone and cartilage generation,
biomaterials, small-scale biomedical devices, tissue engineering, as well as the development of nano-
fabrication methods. We focus on using simple physical principles (photolithography) and chemical
techniques (liquid vapor deposition) to build non-cytotoxic scaffolds with a nanometer resolution
through using silicon substrates as the backbone. This method merges an optics-based approach with
chemical restructuring to modify the surface properties of an IC-compatible material, switching
from hydrophilicity to hydrophobicity. Through this nanofabrication-based approach that we
developed, hydrophobic oxidized silicon nanosponges were obtained. We then probed cellular
responsesdexamining cytoskeletal and morphological changes in living cells through a combination of
fluorescence microscopy and scanning electron microscopydvia culturing Chinese hamster ovary cells,
HIG-82 fibroblasts and MadineDarby canine kidney cells on these silicon nanosponges. This study has
demonstrated the potential applications of using these silicon-based nanopatterns such as influencing
cellular behaviors at desired locations with a micro-/nanometer level.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

This paper describes the micropatterning of mammalian cells
onto inorganic-based surfaceseesilicon surface in this study,
a commonly used material in IC manufacturing industryeewith
nanometer-scale regular features made via nanofabrication. The
ability to modulate cellesubstrate interactions has provided
a number of exciting insights in cell-relevant research including
stem cell differentiation, cell survival, mechanotaxis, and bioma-
terials [1,2]. Cellesubstrate interactions are closely determined by
adhesive molecular events at the cellematerial interface. These
adhesivemolecules (e.g., transmembrane proteins such as integrins
or syndecan-4) influence various cellular behaviors including cell

migration, growth, division, and differentiation [3,4]. Studies
probing cellesubstrate interactions at a nanometer scale can be
summarized by two catalogues: (i) those that examine the influ-
ences of substrate stiffness and substrate topography on various
cellular responses (physical cue) [5e9]; and (ii) those that inves-
tigate the immobilization of adhesion molecules on various
substrates as the molecular scaffolding for cell adhesion (chemical
cue) [10e13]. A number of reports have been published that delve
into the influences of engineered surfaces with a variety of geom-
etries at a micro-/nano-meter scale to include the examination of
columns [14,15], sharp tips [16,17], pores [18,19], and dots [20,21],
and their respective effects on a range of cellular responses at either
a molecular level (e.g., cytoskeletal remodeling [6]) or a single-cell
level (e.g., cell adhesions through integrin or syndecan-4, and cell
proliferation and motility [22e24]). The purpose of this study is
twofold: (i) establish and refine an IC-compatible nanofabrication
method to create nanometer-scale regular features on silicon
surfaces with surface characteristics of hydrophobicity, attempting
to apply the current IC-based manufacturing process with the
feature of mass production in biotechnology and, (ii) successfully
micropattern a variety of mammalian cells (Chinese hamster ovary
cells, HIG-82 fibroblasts, and MadineDarby canine kidney
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