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MASATSUGU SHIMOMURA 

Re5eari.h 1nstitute.for Elecrronic Science, Hokkaido University, Sapporo 
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Honeycomb-patterned polymer films are formed upon self-organization of water micro- 
spheres stabilized by amphiphilic polymers. The honeycomb films can work as cell culture 
suhqtrates. The films composed of heparin-cationic lipid complex, however, gradually lost 
the honeycomb structure when immersed in culture medium. Crosslinking of the films was 
carried to stabilize the honeycomb pattern. A bisazido derivative was used as a crosslinker 
connecting the constituent polymer of the honeycomb films. Morphological study of the 
immersed films revealed that the crosslinked films maintained the honeycomb structure i n  
the phosphate buffer solution. 

Kryword.s: amphiphilic polymers; honeycomb films; photo-crosslinking; cell adhesion 

INTRODUCTION 

It has been noted that cells can respond to microtextures of material surface. 
For example, cells seeded on grooved surface with dimensions of micrometer 
are aligned along the groove structure"l. Recently it was found that cells on 
micro-patterned adhesive sites respond to the size and density of adhesive 
sites with growth or apoptosis'*'. It is considered that these findings provide 
us with new perspectives in tissue engineering as well as in cell biology. 

The patterned surfaces are usually prepared by photolithography. Re- 
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cently we have found that mesoscopic honeycomb-patterned films can be 
fabricated (Fig. 1) by a simple casting of a dilute solution of amphiphilic 
polymers under flow of moist airr3]. This method enables us to prepare and 
control morphologically and chemically patterned surfaces without using 
photolithography. Therefore, we may control the response of cells through 
the suucture of honeycomb patterns. However, we found that the honey- 
comb patterns of some polymers are not stable in the culture medium. This 
suggests that the honeycomb patterns can not provide sufficiently constant 
stimuli to the cells. 

Here we studied a photo- 
crosslinking of the honeycomb 
f i  composed of amphiphilic 
polyion-complexes to maintain the 
honeycomb structure in aqueous 
media. The crosslinked cast films 
were immersed in phosphate buffer, 
and the stability of crosslinked films 
was evaluated morphologically by 
means of optical microscopy and FIGURE '. AFM Of a 
atomic force microscopy (AFM). 

honeycomb-patterned film. 

EXPERIMENTAL 

lkmedak 
Polyion-complex of heparin and cationic lipid, 1, were prepared according to 
the method previously reported'41. Photo-crosslinking agent 2 was obtained 
by the coupling reaction between 4-azidobenzoic acid and 1,6- 
diaminohexane using N-hydroxysuccinimide. 

v 
Honeycomb-patterned films were prepared by casting dilute chloroform 
solution of 1 (1.0 mg/ml) under flow of moist air (90 mVmin). The humid- 
ity near the surface of the substrates was about 80%. Room temperature and 
humidity was kept at 2011°C and 5 M %  r. h., respectively. 
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1 2 

FIGURE 2. The structure of polyion-complex (1) and crosslink- 
ing agent (2). 

Photo-crosslinking reaction was run according to the following method. 
Five ml of chloroform solution of the photo-crasslinking agent 2 (0.25 @A) 
was added to 5 ml of chloroform solution of 1 (1.0 mg/ml). Honeycomb- 
patterned films were prepared kom the mixture. The films were UV irradi- 
ated for 10 min using an UV lamp (UVP, 6 W) at a distance of 15 cm (inten- 
sity, 400 pw/cm*). 

The honeycomb-patterned films were immersed into phosphate buffer (0.1 M, 
pH 7.3) at 37°C for 24 hours. 

After immersion After the immersion the films 
were washed with pure water to 

Beioreimmersion 

remove sodium salts, and were 
dried in vacuo at 40°C for 5 
hours. The morphological 
changes of the honeycomb films 
were observed by optical micros- 
copy (OLYMPUS BH2) and 
contact mode AFM (OLYMPUS 
NV-2500). 

AND FIGURE 3. Optical micrographs of 
non-crosslinked (upper) and 

Optical micrographs and AFM crosslinked honeycomb pattern 
images of honeycomb films (lower). BW 1 o W  
before and after the immersion 
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are shown in Fig. 3 and Fig. 4, respectiveIy. The optical micrographs of 
non-crosslinked films show that honeycomb structure prepared from 1 was 
collapsed in a phosphate buffer solution 24 hours after immersing. On the 
other hand, honeycomb structures on the photo-crosslinked films were con- 
siderably maintained (Fig. 3 images in lower column). 

The AFM images of the non-crosslinked films showed that the honey- 
comb structure disappeared and the surface roughness of the films decreased 
from 200 nm to 100 n n  The crosslinked films did not exhibit apparent 
surface morphological changes in the honeycomb structure. These results 
suggest that the crosslinking agent is useful for the stabilization of the honey- 
comb structure even in cell culture media. 

FIGURE 4. AFlM images of immersed non-crosslinked (upper) and 
crosslinked honeycomb pattern (lower). 
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