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Introduction
After injury to the central nervous system, nerve regeneration is
limited due to the intricate and inhibitory environment of
severed axons and wounded glial cells. Schwann cells (SC),
supportive glial cells in the peripheral nervous system, provide
permissive cues to growing neurons, including topographical
cues, aiding in regeneration. By deconstructing the local
topographical cues presented by SC in vivo, we propose a
systematic analysis of the topographical parameters that
influence contact guidance. Dorsal root ganglia (DRG) cultured
on SC-inspired topographical substrates grow and behave
differently. Determining how SC inspired topography induces
different cellular behaviors is important in determining the
critical features of SC topography that promote neuronal
guidance. By understanding how these topographical cues
promote better alignment and growth, manipulation of these
factors can be applied to future therapies to overcome the
inhibitory environment surrounding nerve cells after injury.

1. SC relief replicas were fabricated.

2. Dimensions of somas and processes on SC relief replica were measured.

3. Geometric bio-inspired patterns were designed and fabricated.

4. Time-lapse microscopy was used to record DRG neurons growing on 
geometric  bio-inspired substrates. X and Y location of neurites were tracked 
and neurite displacement, velocity, and alignment were assessed.

Results 

B) Neurites on SL had the highest velocity, followed by SS and SO

 The following geometric bio-inspired patterns were created to represent SC topography in a 
deconstructed geometric manner. Ellipses represented SC somas and thin rectangles 
represented SC processes.  The height for all raised features was 1 μm.

 Time-lapse images taken every 5 minutes over 14 hours demonstrated the different 
outgrowth seen on geometric bio-inspired substrates. Last row of images demonstrates 
individual neurite trajectories (colored lines) over time. 

C) Neurites on SL were most aligned in the direction of the topography
Neurites on SL were most aligned in the  horizontal 

direction. This could be due to presence of long 
continuous process features
Neurites on SS were  most aligned in the horizontal 

and diagonal direction, due to the horizontal and 
diagonal axis  inherent in the pattern.
Neurites on SO had alignment in the horizontal, 

diagonal, and vertical directions, due to reduced 
guiding potential of the pattern.

 Neurite interaction with bio-inspired features varied across topographical substrates.
 Data normalized by the percent area of feature or space present on each substrate. 

Calculation Substrate
Percent SS SL SO

Area raised soma features 46.5 17.73 17.73
Area raised process features 3.87 8.75 0.00
Total area raised 50.37 26.48 17.73
Unraised area 49.63 73.52 82.27
Edge 13.2 13.53 3.97

 Cells on SL had the 
highest velocity. This 
could be attributed to an 
increase in long guiding 
features and an increase 
in the amount edge.

 However, there was no 
significant difference 
between the conditions.  

Conclusions

ff
SC-inspired topography guided neurite outgrowth in the direction of the 

underlying topography. 
 Different geometric bio-inspired substrates induced distinct outgrowth 

behaviors, which were influenced by the topographical pattern.
These findings can inform better nerve regeneration therapies. 
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A) Neurites followed distinct paths on different geometric bio-inspired substrates  

Methods

 Neurons cultured on SO, SS and SL substrates behave differently and exhibit different 
outgrowth paths:
 Cells on SO demonstrated more random and undirected outgrowth and more 

branching. Soma features provided some horizontal guidance.
 Cells on SS had horizontal and diagonal outgrowth. 
 Cells on SL exhibited continuously horizontal outgrowth.

 Neurites on geometric bio-inspired substrates either contacted soma 
features, process features or the space between features.

Figure adpapted from Kofron et al. Annals of Biomedical Engineering. 2010.
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