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Statement of Purpose: Here we present a study of 
micrometer sized polymer patterns of fluorescein 
isothiocyanate labeled poly-l-lysine (FITC-PLL) 
deposited onto a glass substrate using a digitally 
controlled micro-cantilever for the production of polymer 
arrays conducive to cell growth and attachment.  For the 
patterned substrates to have consistent arrays, it is 
imperative that individual polymer spots maintain 
integrity both pre and post cell attachment.  The method 
we employ allows for the deposition of spots that are 
durable enough to survive and support an in vitro 
cytophilic environment and be easily detectable by 
fluorescence microscopy.  This illustrates a new method 
for the rapid production of micro-scaled printed polymer 
patterned substrates for the study of cellular-level 
connections, one that improves on previous soft 
lithography methods, allowing for the real time creation 
of cytophilic protein patterns conducive to cell growth 
and attachment. 
Methods: Patterns were deposited onto glass slides using 
a digitally controlled 30 micrometer cantilever using a 
molecular printing system called the NanoeNabler©.  
Polymer spots consisted of FITC-PLL at 2.5 mg/ml in 1x 
PBS and glycerol based buffer.  Glass substrates were 
pretreated with aldehyde-aminopropyltriethoxysilane to 
increase covalent binding of amine groups.  Post 
patterning spots were baked for 15 minutes at 60°C to 
allow for setting.  Patterns were examined visually using 
fluorescent microscopy.  Both pre and post cell binding 
pattern height and shape was examined using a Light 
Interferometer.  Cells used in study were rat derived 
astrocytes and glioma, and were placed on patterns at 
concentrations of approximately 50,000 cells per ml.  
Following cell attachment and growth over a five day 
period, spots were again examined, and compared to pre 
cell attachment results.   
Results: 20 µm in diameter patterns in liquid form 
consisted of rough circles or ovals with three dimensional 
dome conformations at 2.5 µm tall (Figure 1).  Pre and 
post baking, patterns maintained their 2 dimensional 
shape, but post baking were reduced in height to 
approximately 350 nm.  Smaller patterns consisting of 
spots 10 µm in diameter had average heights of 
approximately 1.7 µm, were after baking reduced in 
height to approximately 200 nm.  Pattern row and column 
distance was consistent throughout.  Both pre and post 
cell attachment, spots maintained consistent fluorescence.  
On micro-patterns we found that up to 48 hours post 
plating, astrocyte and glioma cells were preferentially 
binding and proliferating along sub 20 µm deposited 
patterns, where the patterned droplets acted as a positive 
stimulus on which the cells proliferated along controlled 
paths.  Examination of patterns post cell attachment and 
removal revealed a slight concavity to the center of the 
spots, and an increase to the spot edge height.   

 
Figure 1. Liquid Spot Characteristics Pre-Baking 

 

 
Figure 2 a.                            Figure 2 b. 
 
Figure 2 a. Glioma cells preferentially binding and 
growing along patterns 1.5 days post seeding, 100x 
brightfield.  Spot diameter approximately 20 µm.  Figure 
2 b. Fluorescent detail. 
 
Conclusions:  Pattern height reduction was due to the 
short bake time used to set patterns.  The average 7 fold 
reduction in height was shown to not hinder cell binding 
and may actually be beneficial as a flatter spot would 
allow for better cell binding as opposed to a more dome 
like three dimensional shape.  Post cell attachment and 
removal, bright field microscopy and fluorescence 
revealed slight reduction in spot appearance.  Spots 
appeared to have taken on a more “donut” like 
conformation post cell attachment.  This was confirmed 
using the light interferometer, where the central area had 
taken concave features.  A more unusual result was that 
post cell attachment; spots were actually taller by 
approximately 20 to 50 nm.  This may be due to cell 
debris left after their removal using water lyses, or a 
cupping effect as the cell and media exert force on the 
center of the spot.  Future studies hope to examine this 
feature further, and its impact on cell attachment and 
growth.  In conclusion the above characteristics show that 
this method provides a consistent means for the creation 
of patterns conducive to cell growth and attachment.        
 


