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the FT-IR spectra significantly increased with the plasma treat-
ment. Taken together, our results and those reported in the refer-
ence {28} suggest that the plasma treatment increased the number
of hydroxyl groups and siloxane groups to form a siliceous layer on
the outermost surfaces of the PDMS film. The end result was
generation of hydrophilic groups on the PDMS (Fiz. SA). Five days
after plasma treatment, the PDMS surface recovered some of its
original hydrophobicity, as indicated by the water contact angle,
although the FT-IR data did not show recovery of hydrophobicity.
Hydrophilized PDMS surfaces have been reported to quickly
recover their hydrophobicity owing to migration of unreacted
oligomers to the surface ¢31,32% However, this migration might
occur only on the outermost surface, at a depth that is shallower
than that reached by FI-IR measurement. Thus, one possible
explanation for our results is that adsorption of the coating protein
on the outermost surface anchored the transformed functional
groups, preventing their migration and thus suppressing recovery
of hydrophobicity (Fig. 3B, C).

Because many adhesive cells adhered to the plasma-treated
polystyrene dish but did not adhere to an untreated polystyrene
dish, we first hypothesized that vitronectin was adsorbed only by
the plasma-treated PDMS surface, on which the hiPSCs subse-
quently adhered. However, we found that vitronectin was adsorbed
by both plasma-treated and untreated PDMS surfaces. Coating
PDMS with a mixture of vitronectin and y-globulin generated a
concentration difference between the two proteins. The affinity of
the untreated hydrophobic PDMS surface for y-globulin might be
larger than that for vitronectin because y-globulin has a hydro-
phobic Fc region. Moreover, an increase in the concentration of one
protein may have suppressed adsorption of the other by means of

apparently blocked the adsorptxon of vxtronectm and thus blocked
subsequent adhesion of hiPSCs to the untreated PDMS surface.

Compared to many previously reported cell-patterning methods
{510,36--39), our method offers three advantages. The first
advantage is that the pattern is long-lasting. Although there have
been reports of successful patterning of PSCs { 37,34}, the cells have
been found to escape from the pattern within a few days. Long-
lasting patterning is important because hPSC differentiation takes
at least a few days {11}. The use of serum-supplemented culture
medium and the presence of feeder cells can cause cell escape
because serum and feeder cells supply ECM, which facilitates cell
adhesion {1%}. In this study, we used our serum- and feeder-free
culture medium, which contains no ECM and may have supported
long-lasting cell patterning. Moreover, we added fy-globulin to
block vitronectin adhesion, and thus the cells could not have
escaped even if hPSCs had produced small amounts of ECM by
themselves.

The second advantage is that the patterned PDMS sheets can be
stored for at least 6 days before the cells are plated. We previously
described micropatterned plasma treatment using a physical mask
{1(1}. However, PDMS surfaces treated with plasma generally regain
their hydrophobicity within a few days {3%32% In contrast, the
protein coating used in this study might have prevented migration
of unreacted oligomers to the outermost surface and enabled
retention of the pattern for at least 7 days. Storability enables
transportation of patterned PDMS sheets to a remote location and
permits quality control because many patterned PDMS sheets of
the same quality can be prepared in one batch.

The third advantage is that the patterned surfaces are easy to
prepare; the PDMS is covered with a sterilized perforated mask,
treated with plasma, and coated with a mixture of y-globulin and
vitronectin. In contrast, microcontact printing, which is one of the
easiest conventional methods of patterning {38}, requires more
preparation steps including fabrication of microstamps, surface
modification with alkanethiols, uniform inking on microstamps,
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and pressure-controlled printing. Both y-globulin and vitronectin
are readily available and non-toxic. The protocol is simple enough
for use in a standard cell biology laboratory. Thus, our patterning
method is practical for routine cell biology experiments.

Generally, hPSCs form flat colonies on a dish, as do patterned
colonies, but the colony sizes are not well controlled, because
pipetting is used to dissociate large colonies into small colonies
during passaging {%,2.26}. Combination of our patterning method
with single-cell dissociation { 32} may permit equalization of colony
size and thus control of self-renewal and differentiation of hPSCs.
Moreover, our method may be applicable to other types of ECM
components and cells, because hiPSCs also adhere to ECM com-
ponents such as fibronectin and laminin, which can be coated on
glass and on plasma-treated polystyrene culture dishes, and many
type of cells adhere to these ECM components { 11,18.4{.

In summary, our serum- and feeder-free culture medium
allowed us to elucidate the relationships between plasma treat-
ment, protein adsorption, and cell adhesion. We found that y-
globulin prevented hiPSC adhesion to untreated PDMS surfaces by
blocking vitronectin adsorption. We used our findings to develop a
practical cell-patterning method that has three major advantages
over previously reported methods. We believe that the funda-
mental information about hiPSC adhesion to PDMS revealed by this
study will serve as a platform for the development of technology to
control the microenvironment of hPSCs.

Supplementary data related to this article can be found at http://

drdolorg/T0016/1iblosc 201402 008,
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