
Abstract—The influence of topographic cues on the neuritic
length  of  neural-like  cells  was  studied  through  a  synergistic
approach,  which  involved  both  theoretical  and computational
tools  and  was  able  to  reproduce  through  a  closed  form
expression  the  relationship  between  length  and  alignment  of
neuritic  extensions  of  neuron-like  cells.  
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I. INTRODUCTION

OPOGAPHIC cues influence the response of cells. More
specifically, surfaces with a regular alternation of ridges

and grooves (gratings) were found to enhance alignment and
outgrowth of murine neural progenitor cells (mNPCs) [1] and
of  human mesenchymal  stem cells  (hMSC)  [2].  Similarly,
gratings  were  described  to  affect  polarization,  adhesion,
growth and alignment of neuron-like cells [3-5]. Although a
deeper knowledge of these cellular behaviours is crucial  in
several field of science (from medicine to neuroengineering)
few studies  were  performed to investigate  emergent  neural
responses,  starting  from  interactions  among  cellular
transducers  (e.g.,  filopodia  and  growth  cones)  and  the
geometry of substrate. Since the nature of these responses is
not totally understood, here, a hybrid procedure (theoretical +
computational)  was  used  to  investigate  the  connection
between the mean alignment of neuritic protrusion of PC12
cells and their length on gratings. 

T

II.METHODS

Neuron-like  cells  (PC12;  CRL-17210,  ATCC)  were
maintained  at  37°C  temperature  and  5%  CO2 in  a  RMPI
growth medium supplemented with 10% Horse  Serum, 5%
Fetal  Bovine  Serum, 2  mM glutamine,  10  U/ml penicillin,
and  10  µM/ml  streptomycin.  Cells  were  seeded  on  three
different  Cyclic  Olefin  Copolymer  (COC)  gratings,  while
control  images  were  obtained  from  cell  cultured  on  flat
surfaces. As previously reported [5], cells were differentiated
on different substrates through a treatment with NGF (final
concentration  100  ng/ml).  Each  experiment  was  repeated
three times independently.  Differential  interference  contrast
(DIC) images were acquired with an inverted Nikon-Ti PSF
wide-field  microscope  (Nikon,  Japan),  and  elaborated  with

ImageJ  (National  Institute  of  Health,  USA).  More
specifically,  neuritic  protrusions  of  PC12  cells  were
measured  both  on  flat  surface  and  gratings,  while  neuritic
elongations were normalized with respect to the mean neuritic
length  on  control  (flat)  substrates.  Similarly,  the  angle  of
alignment with respect to the main anisotropy direction was
measured. Therefore, the proposed hybrid approach (see also
[6,7] for previous investigations) was used to infer a novel
closed  form  relationship  between  the  resulting  neuritic
elongation and the mean alignment of protrusions during the
outgrowth process.  

III. RESULTS

Theoretical  and  computational  tools  were  simultaneously
used to provide a novel closed form relationships, which was
written as:

   <> = Re[g()]       (1)

where  <>  was  the  mean  angle  of  alignment,   was  the
neuritic elongation and  Re[%] was the real part of a closed
form function g(), which was expressed as:

 g()=K1·f()+ K2·f()-1  K– 3 (2)

where i was complex unit, while constants and functions in
Equation (2) had the following forms:

K1 =(3½·i-1)/2;
f() =(A·B()-C()·D)1/3;
K2 =-23·54·7·43·3-1·(3½·i+1);
K3 =103;
A=5·103/[33/2·(23·1033·130927·1319429)½]; 
B()=(33·23·1033·130927·1319429·2-
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·13·1033·2027·130927·+29·33·510·23·8233·1319429)
½

C()=23·33·54·23·1319429·-210·515·13·2027;
D=(33·23·1319429)-1 ;
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The performances of Equation (1) are shown in Figure (1) for 
different values of experimental elongation of neurites.

IV. DISCUSSION AND CONCLUSIONS

The proposed hybrid approach was able to find a closed form
relationship between the mean angle of alignment of neuritic
protrusions  and  the  neuritic  elongation  on  gratings.  The
proposed  Equation (1)  was able  to  reproduce  experimental
data  (R2 ~ 0.7),  while  the  maximum  error  between  the
predicted mean alignment and experimental data was 0.065
rad  (i.e.,  about 3.7°).  Unlike previous approaches [7],  here
the mean alignment was explicitly found as a function of the
length  of  neuritic  protrusions.  To  this  aim  an  original
approximation  procedure  has  been  implemented.  More  in
general, the possibility of modelling the response of cells to
topographic  cues  through  closed  form  phenomenological
relationships opens new scientific and technical perspectives.
Indeed,  a  further  coupling of  this research with studies  on
chemotaxis  of  neural  cells  [8]  could  provide  a  novel
framework  to  investigate  complex  mechanotransductive
phenomena  arising  in  chemical  active  environments.
Moreover, the use of closed form relationships could foster a
better  design  of  high-tech  devices  ranging  from  active
biomaterials [9] to innovative neural interfaces [10-12]. 

Figure  1:  (A)  The  course  of  Equation  (1)  is  shown with
respect  to  the  experimental  values  of  mean  alignment  of
neuritic protrusions.  (B) The error  between predictions and
experimental data are shown for different elongation values.
(C) A SEM image of a neuron-like cell (PC12) extending a
neurite on the grating surface.
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