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What is neuroengineering? 

 Neuroengineering combines engineering and 
computational approaches to problems in basic 
and clinical neuroscience 

 

Biomedical 
Engineering 

BioMEMS 

Neuro 
engineering 



Highly Interdisciplinary Field 

 Research and education in neuroengineering 
encompasses the fields of engineering, 
mathematics, and computer science 

 This is coupled with molecular, cellular, and 
systems neurosciences 

 Neuroengineers focus on developing novel 
therapeutic options for neurological disease, 
defect, and injury 



Neurological Disorders 
 Over 600 known neurological disorders 
 Diseases of the CNS and PNS 
 Epilepsy 
 Alzheimer’s 
 Parkinson’s 

 Diseases that attack the nervous system 
 Infections 
 Cancers 

 Physical Injury 
 Stroke 
 Cancer 
 Congenital ‘Defects’ 
 Deafness, Blindness, etc. 

 For most, treatment options are extremely limited 
 The disease/disorder mechanism is highly varied, as 

is the prognosis. 



Some of the Primary Goals of 
Neuroengineering 

 Analyze the function of the nervous system 
 Develop methods to restore damaged 

neurological functions 
 Create artificial neuronal systems 



How to grow neuronal cells in 
culture…From proliferation to 
differentiation 

There is a subset of neuroengineering that 
focuses on developing materials for 
integration with neural systems, either in vivo 
or in vitro. 



Proliferation and 
Neurogenesis 

 The degree of cell proliferation is controlled 
by the degree of asymmetric cell division 

 When a progenitor cell divides – it can make 
any variety of cell combinations: 
 Two progenitors 
 One progenitor and one neuron 
 One progenitor and one astrocyte 
 Etc. 



Symmetric vs. Asymmetric 
Division 

 Symmetric divisions at early 
stages generate two 
neuroblasts (occurs in 
ventricular zone) 
 Expands pool of progenitors 

 Asymmetric divisions at later 
stages generate one 
postmitotic neuron and one 
progenitor 
 As each progenitor can only 

generate a limited number of 
neurons, this eventually depletes 
the pool of progenitors and 
leads to fewer neurons 

The Developing Brain 



Controlling Asymmetric 
Division? 
 In vivo processes are highly coordinated and 

elegant. 
 Some of the proteins involved in asymmetric 

division are known (Example: Numb), but some 
of their roles are not clearly defined 

 However, in a lab setting, when you are trying to 
regrow neurons for therapeutic purposes – you 
often start with stem cells in a petri dish, which 
does not have the elegant coordination of 
signals to trigger asymmetric division at the 
right time and place.  



Goals:  Controlling Asymmetric 
Division and Differentiation 

Controlling division events may allow us to 
provide the right signals to stimulate NSCs to 
become post-mitotic neurons of phenotype X 
for treatment of a certain disease. 
 
Alternatively, it will provide a good model 
system to study novel drugs  
 
And probably lots of other applications! 
 
I approach this challenge with biomaterial 
strategies. 



Neuronal Differentiation 

 

Neural Stem Cell       Functional Neurons 



C17.2 Neural Stem Cells 

 Neuronal differentiation (and therefore 
asymmetric division) is controlled via serum 
withdrawal (starvation), which usually results in 
a homogeneous population of neurons 

But… 



How to Enhance Neuronal 
Differentiation? 

 Material Surface Structure 
 Material Chemistry 
 Material Mechanical Properties 
 Material Coatings 

 
 



Material Structure 

 Material Topography heavily influences cell 
attachment, proliferation, and 
differentiation. 



Solution – Nanostructured polymers 
Injection Molded – Potential Translation to Manufacturing 

  

Use for 
maintenance in 
the lab, or 
translate for use 
as electrode 
material 



+ 

glycerol 

n

1. 120 °C, under 
N2 flow, 24 
hours 

2. 120 °C, 50 
mmHg, 24 
hours 
 

Test Platform – To determine if Neuronal 
Differentiation was susceptible to mechanical 
compliance 



PGS Microcasting 



Some preliminary work with 
neurospheres 

 



Material Chemistry 

 Modifying surface chemistry to enhance 
neuronal differentiation 



Materials Inspiration 

CNS Development 
Activity Independent Mechanisms 

Stem Cell 
Differentiation Migration 

Maturation 

“Hardwired” or Environmentally Influenced 

Environmental Factors Influencing Activity 
Independent Mechanisms 

ECM Composition and Concentration 

Growth Factors 

Morphogens 

Cell-Cell Interactions 

Mechanical Environment 

We can control or 
mimic many of 
these factors 



Bioactive Protein / Peptide Materials 

Induce biological responses desired in tissue engineering 
and regenerative medicine 

• Whole Proteins 

• Cell Adhesion Peptides 

• Cell Selective Peptides 

• Artificial Macromolecular Structures 

• Polypeptide Drugs 

Dankers & Meijer, Bulletin of the Chemical Society of Japan, 2007 

http://www.bath.ac.uk/pr/releases/newkneepics/collagen.JPG 

http://www.cellmigration.org/resource/biomaterials/res_resources_images/biomatgriffith6.png 

http://www.flamel.com/images/medusa1.jpg 



Mimic the extracellular environment during early corticogenesis 
Diverse Neuronal Population 

ECM Is Critical for Appropriate Cell Differentiation and Migration 

Materials Design 



Examine Cellular Response To Material Surfaces 
Investigate Cell Type Diversity Changes 

Flow Cytometry Analysis of Cell Types on Control Surfaces 

Neurons 

β-tubulin III 

Astrocytes 

GFAP 

25-30% 10-20% 

Cell Type Diversity in Population 

Oligodendrocytes 

CNPase 

3-5% 

Fibroblasts 

Vimentin 
55-65% 



Examine Cellular Response To Material Surfaces 

Material Composition Affects Cell Type Diversity of P19 Cells 

RGD/YIG/NID 

More Neurons 

* 

RGD/YIG/IKV/VSW 

More Astrocytes 

 

Some 
Treatments 

Do Not = 
100%  

--  

Other Cell 
Types? 



Mechanical Stimulation of 
Neuronal Differentiation 

Control of 
Neuronal 
Division?? 



Mechanical Influences on Asymmetric 
division (and ultimately 
differentiation) 

• Extent of C17.2 stem cell 
differentiation depends 
on the stiffness of the 
substrate 

•  Softer substrates 
promote differentiation 
into neurons and the 
formation of longer 
neurite extensions, as 
shown by analysis of the 
expression of neuron-
specific β-tubulin III  
 

140 Pa 60000 Pa 



Asymmetric Division 

 Movies of NSCs dividing and differentiating. 



Material Coatings 

 Coating a material with proteins, other cells, 
etc. to influence cell response 



Coatings: Cell Adhesion Molecules 

 NCAM-1 
 Integral 

membrane 
protein 

 Inhibits 
attachment of 
astrocytes, etc. 

 Supported 
Neurite 
Outgrowth 

Webb, et al. Biomaterials 22(10): 1017 (2001). 



Stimulate 
NPCs 

 When microglia are 
treated with Interferon γ or 
Interleukin-4, NPCs 
differentiate into neurons 

Butovsky et al. Molecular and Cellular Neuroscience 31(1): 149 (2006) 



Cell Encapsulation for 
Neurite Guidance 

 Schwann Cells were 
encapsulated within 
a fibrin gel.  The gel 
was placed in 
contact with rat 
spinal cord coated 
with fibroblast 
‘sieve-filled’ coating   

 Neurites penetrated 
the sieves 

Schlosshauer et al. Brain Research 903(1-2): 237 (2001) 



Surface Engineering for 
Neuronal Differentiation 

Chemically/Mechanically 
mimic the neuronal 
environment during 
differentiation 



How to Combat Gliosis and Promote 
Neuronal Differentiation – Need a 
Multi-Tiered Approach 

 Engineered Surfaces 
 Enhance Neuronal Growth 
 Discourage Microglia/Macrophage/Astrocytic 

Response 

 Add Soluble Cues 
 Modify the Mechanics of the Surface or 

Implant 
 Implant Placement 

 Jennie B. Leach,  Anil Kumar H. Achyuta, and Shashi K. Murthy (2010)  Frontiers in 
Neuroengineering.  



Much more work to be done… 

 Will require collaboration at the intersection 
of neuroprosthetics, tissue engineering and 
neurobiology.   



Questions? 
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