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Statement of Purpose: Cellular patterning on biomaterial 
surfaces is important in fundamental studies of cell 
biology and biomedical applications [1]. In this study, 
polyelectrolyte multilayer (PEM) deposition was 
combined with photolithography for surface micro-
patterning. A photo-crosslinkable polyelectrolyte, 
azidophenyl-derivated poly(acrylic acid) (Az-PAA) was 
interwoven in PAA/polyacrylamide (PAM) multilayer 
films. Patterns were formed after UV irradiation through a 
photo mask. Cell adhesion would be confined at specific 
areas in the patterns. The cellular patterns could be 
modulated by surface chemical modification of base 
substrates or PEM films. This technique was also applied 
to cell co-culture systems. 
Methods: PAA and PAM were assembled alternatively 
on amino-modified glass slides. Az-PAA was adsorbed in 
the PEM film to replace PAA every several PAA/PAM 
bilayers (BL). The PAA/PAM multilayer films were UV-
irradiated via a micropatterned photo mask. The UV-
exposed areas of PAA/PAM films were crosslinked and 
non-exposed areas were rinsed away by pH 10.0 water. 
Several types of cells, L929, MG63 and Hep/C3A cells, 
were seeded to the micro-patterned PEM films, and cell 
adhesion and growth were observed under light 
microscopy. 
Results: MG63 and L929 cells adhered to the base 
substrates of micropatterned PAA/PAM films with 5- or 
20-BL (Fig. 1A). However, the cells outgrew to the film 
area after several days of incubation. Cell patterns were 
maintained longer on the 20-BL patterned films. 
 

 
Fig. 1 Phase contrast micrographs of (A) MG63 and L929 
cells adhesion on the amino-glass of the patterned 
PAA/PAM films; (B) L929 cells on the base substrate of 

pattern with PEGylated film, and (C) MG63 cells 
patterned on the top of collagen-coated PAA/PAM films. 

The cell patterns could be maintained much longer 
when PAH-g-PEG was crosslinked on the top of the PEM 
film to increase the cell-selectivity of PAA/PAM films. 
We found that the PEGylated film successfully resisted 
cells from the crosslinked film areas. L929 cells were well 
confined in the non-irradiated regions for 5- and 20-BL of 
patterned PAA/PAM films after 6 days of culture (Fig. 
1B). Furthermore, the cell adherent/resistant areas can be 
easily switched by our technique. The base substrate can 
be switched to cytophobic by conjugation of a layer of 
PAH-g-PEG, while the PAA/PAM films can be 
transformed to cytophilic by conjugating a layer of 
collagen. MG63 cells grew on the top of the PEM areas 
instead of the base substrates (Fig. 1C). This result 
showed that cell patterns can be manipulated by adjusting 
surface chemistries.  

Our technique can be also applied to cell co-culture 
systems. C3A cells were first seeded in a serum-free 
medium and selectively attached on the collagen-
conjugated PEM film regions. After the non-adhered cells 
were rinsed away, L929 cells were seeded under serum-
contained condition, and attached on the base substrate. 
The aggregated C3A cells on circular collagen areas and 
the spread L929 cells at the peripheral areas (Fig. 2). The 
albumin-secreting C3A cells, visualized by immuno-
staining, were within the circular areas, indicating that 
C3A cells were confined on the collagen-conjugated area 
(Fig. 2C). 
Conclusions: This approach combining LBL PEM films 
deposition and photolithographic technology provides 
many advantages. Surface chemistry and topography can 
be prepared in one step to build varied micropatterns. Cell 
patterning can be arbitrarily manipulated by this 
technique. It benefits cellular patterning in biomedical 
engineering such as tissue engineering. 
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Fig. 2 Co-culture of C3A cells and L929 cells on the 
patterned PEM films. (A) Phase contrast image; (B) 
nucleus staining and (C) albumin staining. 


