Nano patterning of micro-scale topographies for biological applications
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Abstract:

Methods:

Understanding cellular response to synthetic surfaces is of vital importance for
such diverse areas as tissue engineering, medical implants, biosensors and cell
therapy. Cells in vivo are surrounded by an Extra Cellular Matrix (ECM), which
imposes spatial limitations and exhibits specific topographies and mechanical
properties. Cells are also exposed to a number of biological moieties, such as
soluble cytokines, growth factors and trans-membrane receptor ligands. Since
all these factors affect the cells concomitantly, it is challenging to elucidate the
effect of a single factor. Simplifying the complex 3 dimensional ECM into a 2 dimensional model system is a way to study the effect of topography or mechanical properties.
Presented here is a method that combines nanometer and submicron scale features with micron scale features by combining photolithography and nanosphere
lithography. This is accomplished by depositing a single layer of close packed
polystyrene colloids onto a premade topographical structure. Subsequent modification has been performed using sputtering and evaporation of different physical species. The unmodified substrate is a topographical array with 169 different
features, which previously has been screened with fibroblast and human dental
pulp stem cells (hDPSC). Specific topography types have been identified for the
inhibition of fibroblast growth [1]. The tantalum covered surfaces presented here
have been exposed to hDPSC.

A predetermined topography consisting of pillars 2.4µm high (square or circular) was etched into a
silicon wafer by photolithography. These pillars were arranged in a variety of distinct patterns giving
rise to a large array of topographically unique surfaces. Each surface is described by an X and Y parameter that determines the width of the pillars and the length between them (in micrometer). These
surfaces were taken as a substrate for the ‘lift-off’-technique that enables the transfer of a single
layer of closed packed polystyrene (PS) colloids onto the surface [2]. The colloidal covered surfaces
were exposed to sputtering of tantalum and evaporation of gold.

‘Lift-off’

1) A drop of ethanol/particle suspension is
placed on a silica wafer, which is dipped in
water. This creates a monolayer of particles
on the water/air interface
2) The closed packed colloids can be transferred to a substrate by lifting it from underneath.
3) Sputtering or evaporation is performed
on the colloidal covered surface
4) Particles can be removed by ultrasonication

Results:
Fabrication:

Scanning Electron Microscopy (SEM) picture of colloidal patterns on flat a surface made with evaporation of
50nm tantalum on gold substrate, Figure 1. Colloids
with a diameter of 722nm were used as a mask and
subsequently removed using sonication. Atomic Force
Microscopy (AFM) of the pattern shows that the measure height is roughly 50nm.
A range of particle sizes can be employed varying from
100nm to 1µm [2]. This in turn regulates the “size” of
the pattern produced by the evaporation-process.

Figure 1 - SEM of a 50nm Ta pattern on Au-substrate.

Figure 2 - AFM of 50nm Ta-pattern on Au-substrate.

Figure 3 - A pillar following evaporation of 4nm Ti and 20nm
Au and removal of particles.

Figure 4 - Pillars after sputtering of 30nm Ta and removal of
particles.
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Average area per cell 72h

Modification:

Two pillars modified using sputtering and evaporation. The pillar shown in figure 3 has been covered
with a layer of 722 nm Ps particles and 4nm Ti and
20nm Au was evaporated onto the surface. PSparticles were removed by sonication in MilliQ water
for 5-10min. The pillar shown in figure 4 is covered
with a layer of 10nm Ti and 100nm Ta, prior to deposition of polystyrene colloids. After colloidal deposition another 4nm Ti and 30nm Ta was sputtered onto
the surface. The possibility of using various sources
for evaporation and sputtering enables an abundance of different combinations susceptible to further
modifications.

Cell-exposure:

Combinations of flat surfaces with a 50nm pattern,
created using 722nm PS-beads, were exposed to
hDPSC. Cells were fixed and stained at three different time points 24h, 72h and 96h. The nucleus was
stained with DAPI and the actin skeleton with Phalloidin. A cell count was obtained from the DAPI-stain
(Figure 5) and an average area per cell was given
by the Phalloidin-stain (Figure 6).
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Conclusion/Outlook:

Due to large standard deviations displayed by the
cell data it is hard to elucidate the effect of the patterns on the human dental pulp stem cells. It seems
cells have a slightly increased proliferation on patterned surfaces, though this is non-conclusive.
Cell studies with modified pillars are to be conducted. Also the surfaces are to be exposed to a different cell lines.
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Figure 5 - Average cell count at 72h found by automated
DAPI count. Flat surface with 50nm colloidal pattern.

Figure 6 - Average area per cell at 72h found by automated
count of actin area. Flat surface with 50nm colloidal pattern.
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