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Statement of Purpose  
While recent clinical success in bladder tissue engineering 
(Atala et al. 2006) demonstrated the feasibility of this 
approach, there remain questions of whether bladder 
smooth muscle cells (SMC) seeded on 3D scaffolds retain 
their contractile function. Our recent investigation using a 
3D SMC culture subjected to constant tension has shown 
increases in smooth muscle actin expression and a more 
spindle-like cell morphology compared to no tension 
controls indicating that exposure to mechanical stimuli is 
important for retention of contractile phenotype (Roby et 
al. 2008). To further investigate mechanically triggered 
changes in bladder SMC, a custom computer controlled 
bioreactor was designed and fabricated. Moreover, a 
hydrogel system adapted from a previous study (Sosnik 
and Sefton, 2005) was used to create 3-D culture milieu 
for SMC to be exposed to cyclic and sustained tension in 
this bioreactor 
Methods: Cyclic Tension Bioreactor 
The custom bioreactor that was developed in the present 
study consists of a captive linear actuator to uniaxially 
stretch the 3-D SMC culture and a thin beam load cell at 
the opposite end to enable closed loop control of force 
applied to the culture. A modified T75 culture flask is 
used as a specimen bath to maintain sterility of the 3D 
cultures. The entire apparatus except for the driver circuit 
is mounted on a threaded breadboard and is placed in a 
cell culture incubator. A custom Labview (National 
Instruments, Austin, TX) program controls the bioreactor 
and records data on force and displacement in real time 
during experiments.  
Preparation of Tetronic T1107-acrylates/collagen 
hydrogel for 3-D SMC culture 
A four arm PEO-PPO block copolymer (Tetronic T1107, 
BASF, Evans City, PA) was functionalized with acrylate 
groups using TEA (Triethylamine).  T1107 was dissolved 
in dichloromethane, TEA was added and the reaction was 
placed in an ice bath while stirring. Acryloyl chloride was 
then added drop by drop and allowed to react at room 
temperature overnight.  The product was precipitated in 
ether and neutralized before use in cultures.  3-D SMC 
cultures were created by combining different ratios of a 
25 wt% T1107-acrylate solution with varying 
concentrations of collagen in acetic acid solution. Briefly, 
Irgacure 2959 (Ciba,Tarrytown, NY) UV radical initiator 
(100 mg/mL in 70% ethanol) was added to the T1107-
acrylate solution to make a final I2959 concentration of 
0.05 wt% and allowed to react for 30 minutes. The 
collagen solution was then mixed with the T1107-
acrylate. Bladder SMC isolated using our established 
methods were suspended in 600 µl of 3.3X DMEM 
(Invitrogen, Carlsbad, CA) at 5x106 cells/ml density. The 
polymer solution was neutralized using 200µl of 0.1M 
NaOH and then quickly added, in two steps, into custom-
made 1x3x0.5cm wells.  The cell suspension was added 
between the two steps to make a final volume of 2 ml. 

Two porous Biovyon wafers (Porvair plc, Norfolk, UK) 
were secured on ends of the gel strip using steel pins to 
provide a solid attachment point for the cultures. After a 
30 minute incubation period (37°C, 5% CO2) the cultures 
were exposed to 365nm UV light for 10 minutes. Media 
were immediately changed and the cross linked cultures 
were incubated for 24 hours. 
Cell staining and Florescence Microscopy 
Following 24 hours of culture, Live/Dead assay was 
performed according to the manufacturer’s instruction 
(Invitrogen, Eugene, Oregon). For F-actin staining, the 
cells in 3D cultures were fixed with a 4% 
paraformaldehyde, permeabilized with 0.1% Triton X-
100, and then incubated with rhodamine phalloidin 
(Invitrogen,1:100 in PBS) for 15 minutes. After three 
rinses in PBS the gels were imaged using a fluorescence 
microscope (Nikon Eclipse TE2000) 
Results:  
Successfully calibrated subcomponents (load cell, linear 
actuator, etc.) of the bioreactor and a prototype Labview 
program generated force-controlled cyclic distension of 
test specimens with a maximum error of 0.2g.  Simple 
tensile tests revealed that, compared to collagen alone, the 
Tetronic-collagen hybrid matrix (a minimum T1107-
acrylate content of 4.0 wt%) provided increased strength 
while retaining collagen’s adhesive domains for the cells 
to attach to.  The live/dead testing showed reasonable cell 
viability with a majority (>50%) of the cells alive but also 
revealed cell clumping. In addition, similar cell 
morphology was observed between all samples, generally 
displaying a spherical shape and a significant reduction in 
size compared to cells cultured in 0.2 wt% collagen 3D 
hydrogel  
Conclusions:  
Both the cell clumping and spherical cell morphology 
most likely resulted from non-homogenous distribution of 
collagen within the T1107/collagen matrix.  Our current 
protocols call for mixing the two polymers and 
neutralizing before casting. This results in premature 
collagen polymerization and formation of islands of 
collagen without cells. Since the cells are encapsulated in 
the Tetronic phase of the matrix, or at best attach to 
available sites exhibited on the neighboring collagen 
phase, they were not able to completely spread as seen in 
collagen alone matrix.  Thus, further refinement of 
protocol for preparation of the Tetronic-collagen matrix is 
necessary to eliminate this phenomenon.  Additional 
future research includes quantification of SMC 
proliferation and marker proteins (e.g. α-actin, SM22, 
myosin heavy chain) to evaluate phenotypic shifts of 
BSMC in 3D cultures exposed to cyclic tension. 
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