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Statement of Purpose: Cell differentiation depends on a 
variety of signals, including those from soluble factors, 
tethered biomolecules, cell-cell contacts, mechanical 
substrates, and culture geometry. The development of in 
vitro culture microenvironments capable of controlling 
cell fate would be a marked advance in stem cell biology; 
for example, a scaffold that preserves stem cells in an 
undifferentiated state until cued to differentiate in a 
controlled manner. Substrate mechanics appear to play a 
significant role in determining cell fate (Georges P.C., et 
al. Biophys. J. 2006; 90: 3012-3018). To investigate this, 
we have developed a system of photocrosslinkable 
hyaluronic acid (HA)-based hydrogels with tunable 
mechanical properties. HA is a polysaccharide that binds 
cells via surface receptors shown to be mechano-
transductive in other tissues (Gigant-Huselstein C., et al. 
Biorheology 2004; 41: 423-431). Using this hydrogel 
system, progenitors can be cultured within a three-
dimensional (3D) environment, allowing any effects of 
substrate mechanical properties to be studied in a more in 
vivo-like setting. Specifically, we are interested in the 
effect of substrate mechanical properties on the 
differentiation of neural progenitors derived from the 
ventral midbrain.  For reference, brain exhibits an average 
compressive modulus around 1000 Pa (Georges P.C., et 
al. Biophys. J. 2006; 90: 3012-3018). 
 
Methods: HA (MW~1500 kDa) was modified with 
methacrylic anhydride (MA) via transesterification. 
Degree of methacrylation was controlled by varying the 
molar ratio of MA to HA. The MAHA product was 
crosslinked into hydrogels using a UV light source with 
Irgacure 2959 as a radical photoinitiator. Hydrogels were 
characterized by degradation in hyaluronidase and 
measurements of bulk compressive moduli. Ventral 
mesencephalic progenitors isolated from E13.5 C57BL6 
mice were cultured as neurospheres in DMEM/F12 with 
N2 supplement and replenished with 20 ng/mL bFGF and 
EGF every two days. For differentiation, neurospheres 
were dissociated and encapsulated in hydrogels by mixing 
cells with gel solution immediately prior to UV exposure 
and adding 10% fetal bovine serum to media during 
culture.  Sometimes poly-L-lysine, fibronectin, or laminin 
(50 μg/mL) was mixed into gel solutions to promote 
adhesion. Alternatively, dissociated progenitors were 
cultured directly on top of hydrogels or coated glass 
coverslips in a two-dimensional (2D) culture model.  
Differentiation was measured by immunostaining for β-III 
tubulin, glial fibrillary acidic protein (GFAP), and nestin. 
Incorporation of bromodeoxyuridine (BrdU) was used to 
assess proliferation. 
 
Results: MAHA with a wide range of methacrylation 
(ratio of methacrylates to HA dissacharides from 10- 
 

 
150% as confirmed by H+-NMR) was consistently 
produced.  Previous studies have reported the ability to 
tune MAHA degree of methacrylation only via varying 
HA molecular weight (Chung C., et al. J. Biomed. Mater. 
Res. 2006; 77A: 518-525); however, this may have 
unintended physiological effects. Compressive modulus 
and resistance to degradation via hyaluronidase enzymes 
both increased with an increasing degree of 
methacrylation of the base MAHA used to photocrosslink 
hydrogels. Gels could be tuned to exhibit bulk 
compressive moduli in the same physiological range of 
native neural tissues (0.5-5 kPa). Differentiation and 
proliferation of progenitors on MAHA hydrogel 
substrates was assessed by immunostaining against 
markers indicative of neurons, astrocytes, 
oligodendrocytes, and undifferentiated progenitors. 
Effects of mechanical properties and hydrogel geometry 
are essentially decoupled by comparing progenitor 
differentiation when seeded on top of 2D hydrogel 
substrates to differentiation when encapsulated in 3D 
MAHA hydrogels. Hydrogels were capable of supporting 
progenitor survival and differentiation into both neurons 
and glia after 21 days in culture.   
 
 
 
 
 
 
 
 
 
 

Conclusions: The ability to culture neural progenitors in 
3D, HA hydrogels with tunable material properties 
provides an invaluable “toolbox” for mechanistically 
investigating and eventually directing cell fate in vitro.  
As a natural material abundant in the developing brain, 
HA provides an environment for progenitor 
differentiation that mimics the native environment. 
Notably, we have observed that neural progenitors 
cultured in photocrosslinked HA hydrogels can actively 
migrate, proliferate, and differentiate. Future and current 
studies include in-depth investigations of the effects of 
both 3D culture and varying the compressive moduli of 
the hydrogels on progenitor proliferation and 
differentiation. 

Figure 1. Midbrain progenitors (E13.5) cultured in a MAHA 
hydrogels for 21 days. Immunostaining for β-III tubulin 
(green) and GFAP (red) indicates differentiation into neurons 
and astrocytes, respectively. Images were captured at four 
different axial planes within the gel successively starting 
with the upper right image and moving clockwise. Blue 
indicates nuclei (DAPI stain). Scale bars = 150 μm.  


