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INTRODUCTION: Culturing pluripotent stem 
cells (PSCs) effectively requires feeder cell layers 
or cell-adhesive matrix-coating. It is difficult to 
employ PSCs for clinical use because of risks of 
contamination by animal-derived factors or the 
large cost of adhesive matrices during cell 
expanding culture. Therefore, it is important to 
establish a low-cost culture system to avoid the use 
of feeder cell layers or adhesive matrices. To enable 
a coating-free culture system, we focused on 
UV/ozone [1, 2] and atmospheric pressure plasma 
surface treatment of cell culture plastics to improve 
the PSC culture. The purpose of this study is to 
develop the feeder- and coating-free cell culture 
systems for PSC culture using cell suture plastics 
modified by combined process of UV/ozone and 
plasma treatments. 

METHODS: The surface of polystyrene-made dish 
was modified by UV/ozone-plasma combined 
process. For UV/ozone treatment, the polystyrene 
substrates were irradiated by UV lamps at the 
wavelength of 185 and 254 nm. For plasma 
treatment, the plasma was generated from nitrogen 
gas. In this study, two kinds of combinational 
processes, the UV/ozone treatment followed by 
plasma treatment (UV/ozone-plasma) and the 
reversed process (plasma-UV/ozone), were tested. 

To analyse the change in molecular structures of 
polystyrene dish, X-ray photoelectron 
spectroscopies (XPS) were performed. 

For cell culture experiments, non-treated, surface-
modified, and gelatine-coated polystyrene dishes  
were used as culture substrates. Mouse embryonic 
stem cells (mESCs) were cultured on these 
polystyrene dishes during 3 days. Microscopic 
images of mESCs were acquired during the culture. 
The total DNA amount of cultured cells, which is 
related to cell number, was quantified after the 3-
day culture to evaluate cell proliferation. 

RESULTS & DISCUSSION: From the XPS 
measurements, an imino group was detected in the 
surface of polystyrene treated by UV/ozone-plasma 
process, and an amide group was only found in the 
surface of polystyrene treated by plasma-UV/ozone 

process. It was suggested that each combinational 
process of surface treatments introduced different 
chemical bonds into the polystyrene substrate. 

The mESCs were adhered and proliferated on the 
surface modified polystyrene dish (Fig. 1). The total 
DNA amount of cultured cells on the modified 
polystyrene dish at day 3 was larger than that on the 
non-treated ones. Notably, the DNA amounts on the 
dish modified by the combined processes were 
much larger than that on the dish modified by the 
UV/ozone or plasma sole process. Moreover, the 
polystyrene dish treated by the process radiating UV 
before plasma treatment much improved cell 
proliferation compared to the gelatine-coated dish. 

  
Fig. 1: Microscopic images of mESCs cultured on 
the nontreated dish (left) and surface-modified 
polystyrene dish (right) at day 3 after cell seeding.  
Scale bar: 250 µm 

CONCLUSIONS: The polystyrene modified by 
the combinational process, especially, the 
UV/ozone followed by plasma process treatment, 
much improved the proliferation of mESCs 
compared with UV/ozone or plasma sole process. 
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