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Statement of Purpose: Specific regions have been 
identified in the adult brain which direct and support a 
concentration of multipotent, self-renewing progenitors.1 
These neural stem cells (NSCs) can be readily expanded 
in vitro and have shown significant promise for treating a 
variety of central nervous system disorders.2 For a 
therapeutic approach to be successful, however, the cells 
must be provided with both structural support and a 
favorable microenvironment. This research investigates 
the use of a biocompatible, bioactive poly(ethylene 
glycol) or PEG-based hydrogel as a biomimetic scaffold 
for neural stem cell-based therapy. The hydrogel material 
was covalently modified to present specific bioactive 
peptides and protease sensitive sequences for cell 
mediated degradation.3 Additionally, a method was 
developed to generate microspheres of the polymer with 
encapsulated neural stem cells which could be delivered 
by minimally invasive injection into a damaged region of 
the brain.  
Methods: Succinimidyl carboxymethyl PEG 
monoacrylate was covalently bound to the cell adhesive 
peptide, RGDS. Similar chemistry was utilized to embed 
a collagenase sensitive peptide, GGGPQGIWGQGK 
between two acrylated PEG spacers to form the backbone 
of the MMP-sensitive hydrogel. A 10% solution in PBS 
of this polymer was cross-linked into a hydrogel by 
addition of 100 µmole/mL Eosin Y photoinitiator, 3.4 
µL/mL N-vinylpyrrolidone, 1.5% v/v triethanolamine and 
exposure to light from a metal halide lamp. Microspheres 
were produced by cross-linking the polymer solution after 
generation of an emulsion in sterile mineral oil containing 
3 µL/mL 2-2-dimethoxy-2-phenyl acetophenone in N-
vinylpyrrolidone (300 mg/mL). A conditionally 
immortalized neural stem cell line (MHP36) was used for 
all studies. Cytocompatibility of the polymer formulation 
was demonstrated by calcien AM, ethidium homodimer 
viability staining of neural stem cells that had been either 
seeded on the surface or encapsulated within the 
microspheres. Control over neural stem cell behavior was 
demonstrated by evaluating the adhesion and spreading of 
NSCs on the surface of hydrogels containing varying 
concentrations of the RGDS adhesive peptide. 
Immunostaining for sox2 and nestin was also performed 
to monitor MHP36 differentiation. Finally, an initial in 
vivo study was performed with collaborators at the King’s 
College, London in which the microencapsulated neural 
stem cells were delivered by stereotactic injection to treat 
a stroke injury model in a rat.  
Results: As seen in Figure 1, attachment and spreading of 
the MHP36 neural stem cell line on the hydrogel surface 
was modulated by adjusting the concentration of 
incorporated RGDS. The highest concentration of RGDS 
peptide tested (3.0 µmole/mL) was observed to be 
statistically equivalent to the fibronectin coated tissue 
culture well control (TC well). Additionally, based on 
marker presentation MHP36 cells grown on the hydrogel 
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Figure 1. Analysis of the adhesion and spreading of neural stem cells 

on the surface of RGDS modified hydrogels.  All values were 
normalized to TC well control,     * indicates p<0.05 

surface were shown to retain NSC characteristics. As seen 
in Figure 2, successful encapsulation of the neural stem 
cells into polymer spheres ranging from 100 to 500 µm 
diameter was achieved with minimal cell death. 

 
Figure 2. Overlay of brightfield and Calcien AM, ethidium 

homodimer viability staining of microencapsulated neural stem cells 
Both in vitro culture and implantation by injection into a 
rat stroke model was demonstrated with the particles. 
Based on the initial trial, microsphere encapsulated NSCs 
caused a ~48% reduction in stroke lesion volume as 
determined by MRI. 
Conclusions: This research introduces highly tunable, 
hydrogel microspheres as a platform technology for 
neural tissue engineering. In addition to the RGDS 
peptide shown here, the material can be precisely 
modified through the covalent attachment of multiple 
peptides or whole proteins in order to mimic the in vivo 
microenvironment of the neural stem cell niche. Providing 
an appropriate surrogate niche for implanted NSC may be 
the key to promoting successful survival and engraftment 
with the host tissue. Due to the incorporation of a 
collagenase sensitive peptide sequence in the backbone of 
the polymer, the material itself can be degraded and 
remodeled as the cells migrate and proliferate. Finally, the 
microsphere formulation which can be achieved through a 
simple oil emulsion provides structural support to the 
cells while still allowing delivery via controlled injection. 
Overall this technology is highly flexible and holds great 
promise for many areas of neural stem cell therapy. 
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