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Statement of Purpose: A combinatorial approach 
involving presentation of multiple factors to injured spinal 
cord neurons may have more chance of success than a 
single factor (Grace NL. Tis Eng B. 2008;14:33-51). It is 
well known that axonal growth cones can sense and 
follow spatial distributions of signaling molecules in its 
environment (Bixby JL. Ann Rev Cell Bio. 1997;7:117-
159). Therefore, presenting these factors as spatial 
patterns and concentration gradients should play a 
significant role in stimulating, directing and improving 
axonal growth. However, there is still no facile and 
versatile method available to present multiple factors and 
provide a way to control their spatial distribution. 
Photoinifer based surface initiated photopolymerization 
can be used to graft multiple polymers with different side 
groups on the same surface (Rahane SB. Adv Func Mat. 
2008;18:1232-1240), to which different bioactive 
molecules can be easily covalently conjugated. Besides, 
use of light allows use of photomasks to create spatial 
patterns and concentration gradients of bioactive factors 
(Harris BP. Lang. 2006;22:4467-4471). In this study, we 
have been able to graft homogeneous, gradient, and 
patterned polymer layers. Covalent conjugation of a 
protein was also achieved along with subsequent cell 
culture. 
Methods: Grafting: First a monolayer of photoiniferter 
N,N-(Dimethylamino)-dithiocarbamoyl benzyl 
(trimethoxy)silane (SBDC) was attached to piranha 
treated glass or silicon substrates (1cm×1cm). Substrates 
were covered with monomer 2-hydroxyethyl methacrylate 
(HEMA) and exposed to 365nm UV light at 25mW/cm2 
to graft polyHEMA chains. Gradients and patterns were 
created by either moving an opaque mask or introducing a 
patterned photomask over the substrate respectively. 
Characterization:  Polymer layer thickness was measured 
using Atomic Force Microscopy (AFM). Conjugation: 
Disuccinimidyl carbonate (DSC) was used to activate the 
–OH groups on pHEMA chains in anhydrous 
dimethylformamide (DMF). This was followed by 
covalent attachment of molecules with –NH2 groups in 
pH 8.0 phosphate buffer. Patterns were visualized by 
conjugating 4-aminofluorescein (4-AF), while fibronectin 
was conjugated for fibroblast adhesion studies. Cell 
Culture: NIH3T3 fibroblasts were seeded on fibronectin 
conjugated and unconjugated pHEMA grafted substrates 
to test conjugation specificity and fibronectin bioactivity 
and accessibility. Cells were fixed with 4% 
paraformaldehyde and visualized by fluorescent staining 
with rhodamine phalloidin and DAPI. 
Results: Homogeneous: Exposing the entire substrate to 
UV light led to grafting of polymer layer of uniform 
thickness. pHEMA substrates challenged with fibronectin 
without activation with DSC completely prevented cells 
from adhering (Fig. 1A). Cells only adhered in areas 
where pHEMA was removed for AFM scans as seen by 
the band of cells in the center (Fig. 1A). On the other 

hand, conjugation of fibronectin to pHEMA allowed cells 
to adhere to the sample surface (Fig. 1B). Gradients: We 
were able to reproducibly 
create gradients of varying 
pHEMA thickness as seen 
in figure 2. Patterning: 
Silicon substrates were used 
for patterning. Use of a 
chrome photomask led to 
grafting of pHEMA only on 
the areas exposed to UV 
confirmed by fluorescence 
due to conjugated 4-AF 
observed only from the pHEMA grafted areas (Fig. 3A). 
NIH3T3 cells seeded on these patterned substrates only 
adhered to the pHEMA free regions (Fig. 3B). 

Conclusions: 1. Unmodified pHEMA successfully 
prevents adsorption of protein since it prevented cells 
from adhering to the surface. 2. On the other hand, 
covalent conjugation of protein neither affects its 
accessibility by cells nor is detrimental to its bioactivity 
as demonstrated by adhesion of cells to these surfaces. 3. 
Use of photopolymerization combined with a moving 
mask provides a very easy and versatile way of creating 
polymer thickness gradients with controllable slope. 4. 
Spatial adhesion and growth of cells can be controlled by 
grafting patterns of pHEMA on surfaces. This will be 
extremely beneficial to direct neuronal growth when 
merged with concentration gradients of adhesion 
promoting factors. Ongoing studies are investigating the 
immobilization of L1 neural cell adhesion molecule and 
the effect of immobilized L1 concentration gradients on 
neurite outgrowth and orientation. 

Figure 3. (A) High resolution pattern of pHEMA grafted on 
silicon. (B) NIH3T3 fibroblasts (20k cells/substrate) on pHEMA 
patterns. Fixed on day 4, rhodamine phalloidin staining. 

A B 

Figure 1. NIH3T3 fibroblasts (15k cells/substrate) on 
fibronectin challenged (A) and fibronectin conjugated (B) 
pHEMA grafted substrates. Fixed on day 3, rhodamine 
phalloidin and DAPI staining. 
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Figure 2. Increase in polymer 
thickness and hence reactive 
side groups with position. 


