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Statement of Purpose: Ciliary neurotrophic factor 
(CNTF) has been shown to be neuroprotective in the 
central nervous system (CNS) in both degenerative 
conditions and post trauma. CNTF also promotes the 
differentiation of neural stem cells (NSCs) which may be 
therapeutically valuable for repair of the CNS. However, 
because of systemic toxicity and short half-life, CNTF use 
requires local delivery to avoid toxicity.  In this study, we 
developed a systained delivery system for CNTF based on  
poly(lactic-co-glycolic acid) (PLGA) micro- and 
nanoparticles. The particles allow us to tailor the delivery 
profile of CNTF. We then built a photopolymerizable 
hydrogel system around this drug delivery system using 
the particles as cores for acrylated (polyethylene glycol) 
(PEG) arms. By combining the drug delivery component 
with a poly(L-lysine) (PLL) hydrogel component, we are 
able to create a photopolymerizable hydrogel that can 
potentially act as both a tissue engineering scaffold and a 
drug delivery system. 
Methods: CNTF was encapsulated in PLGA micro- and 
nanospheres by a spontaneous emulsification method by 
dissolving the polymer and growth factor in a 
homogenous mixture of organic and water-miscible 
solvent (methylene chloride and trifluoroethanol), with a 
surfactant used to improve association of the protein and 
polymer. Release studies were performed in PBS at 37 ˚C. 
To determine the bioactivity of encapsulated CNTF, 
NSCs were treated with CNTF from the particles and the 
differentiation of the NSCs was compared to controls 
exposed to known concentrations of CNTF. Novel 
copolymers were prepared by coupling PLGA to PLL. 
PEG was then acrylated using acryloyl chloride, and 1,1’-
carbonyldiimidazole (CDI) chemistry was used to graft 
PEG acrylate onto the PLGA-b-PLL block copolymer via  
the PLL ε-amines. This polymer was used to encapsulate 
CNTF, and the surface-modified nanospheres were 
incorporated into a photopolymerizable hydrogel based on 
either PEG acrylate or PLL-g-PEG acrylate (synthesized 
by the same CDI chemistry described above). All gels 
were tested for mechanical strength using rheology and 
also used to promote differentiation of NSCs in culture.  
Results: Particle and hydrogel systems based on PLGA, 
PEG, and PLL can be used for controlled CNTF delivery. 

 
Figure 1. CNTF release from PLGA micro- and nanospheres 

 

PLGA microspheres were able to sustain CNTF release 
over more than 70 days, while smaller nanospheres 
released CNTF for approximately 20 days (Fig. 1).  
Unencapsulated CNTF in culture media was found to 
cause NSC to differentiate toward astrocytes, seen by a 
decrease in nestin expression (progenitor cell marker) and 
an increase glial fibrillary acidic protein expression 
(GFAP, astrocytic marker). CNTF released into cell 
culture media by PLGA nanospheres was found to have 
the same effect on marker expression, showing that CNTF 
thus encapsulated remains bioactive. 
PEG acrylate or PLL-g-PEG acrylate was polymerized 
into a hydrogel upon addition of a photoinitator and 5 min 
of UV light exposure. Nanospheres were made with the 
novel copolymer, resulting in nanospheres whose surfaces 
bore either acrylate groups or methoxy groups (control) 
from the PEG. Addition of nanospheres without acrylate 
groups  into the hydrogel significantly decreased the 
elastic modulus (Fig. 2, yellow), while addition of 
nanospheres with acrylate groups significantly increased 
elastic modulus (Fig. 2, blue). This suggests that the 
nanospheres form covalent crosslinks within the gel.  

 
Figure 1. Hydrogel Elastic Modulus 

 
Furthermore, CNTF can be delivered from nanospheres in 
the hydrogel, and this CNTF causes NSC differentiation 
to the same degree as nanospheres outside the gel. The 
behavior of cells in the hydrogel is dependent on the gel 
itself and the chemical composition of the macromer. 
Conclusions:  PLGA can be used to make microspheres 
and nanospheres that deliver in a sustained manner, and 
the encapsulation process does not affect CNTF 
bioactivity, evaluated by the growth factor’s ability to 
promote differentiation of NSCs. Nanospheres can also be 
made from an acrylated, PLGA-based polymer that is able 
to form crosslinks in a photopolymerizable hydrogel 
system based on PEG. CNTF encapsulated in this 
polymer and trapped within the hydrogel system retains 
its bioactivity. CNTF-encapsulating micro- and 
nanoparticles may be useful in treating neural or retinal 
degeneration by promoting differentiation of progenitor 
cells, and the ability to incorporate the particles into a 
rapidly-curing hydrogel scaffold may provide both a 
substrate for cell culture and also a drug delivery system. 


