
ABSTRACT  

Over 450,000 spinal fusions are performed in the United States a year.  Despite 

improved techniques and instrumentation, nonunion rates continue to occur in up to 40% of 

cases.  Iliac crest bone graft is considered the gold standard, however is not without significant 

morbidity.   Recent studies suggest that adipose-derived stromal (ADS) cells are more than space 

fillers and, under appropriate conditions, can dedifferentiate and return to the status of an 

uncommitted stromal stem cell.    The purpose for this research initiative is to determine the 

potential for hADS cells treated with recombinant human growth and differentiation factor-5 

protein (rGDF-5) to undergo osteogenic differentiation on a novel bioengineered scaffold in 

vitro.   

We studied the osteogenesis of hADS cells in vitro with the induction of rGDF-5. The 

osteogenesis differentiation was compared with von Kossa staining after treatment with 

osteogenic medium.  The gene expressions were analyzed by real-time PCR.  The cells cultured 

with different concentrations of GDF-5 were measured for an optimized application of the growth 

factor. Gene expression confirmed the osteogenic differentiation of hADS cells.  Furthermore, 

real-time PCR revealed that the gene expression of VEGF groups demonstrated different 

reactions to the treatment of ODM with GDF-5 and confirmed the relationship between VEGF 

and BMP signaling pathways. This suggests that future studies investigating cell signal pathways 

during the stem cell differentiation may hold significant benefit for the investigation of spinal 

fusions and osteogenesis. 

These experiments also investigated the ability of hADS cells to adhere and proliferate on 

novel bioengineered scaffolds in vitro.  The sintered microsphere matrix (SMM) were fabricated 

using the solvent evaporation technique.  Using micron sieves, selected diameter size ranges of 

500–600 mm were packed in a stainless steel mold and heated at 80 oC.  The hADS cells 

demonstrated a good compatibility and similar level of osteogenesis on PLGA scaffold compared 

with monolayer culture. Next, nanofiber PLGA scaffold were developed utilizing a flexible 

nanofiber PLGA scaffold, which could be bent while maintaining its strength.   The hADS cells 

were then co-cultured on the spun nanofibers (fiber sizes, 700-1000nm), while the cell density 

was 2000cells/scaffold.  Using SEM, the results demonstrate both cell viability and growth 

between nanofibers.   

Results of SMM and spun nanofibers suggest that fabrication of these novel 

bioengineered scaffolds are feasible using PLGA and currently available tissue engineering 



techniques in our laboratory.  Furthermore, human ADS cells appear to be compatible on the 

bioengineered, biodegradable scaffold and that growth appears viable in an in vitro environment.  

Moreover, this nanofiber scaffold has the capability to be combined with the microsphere scaffold 

for use during in vivo bone formation in the spine.  The ability for differentiation and migration 

of hADS cells on these novel scaffolds are still unclear and warrant further investigation.  

Furthermore, extensive in vivo experiments will be required in order to further confirm 

biocompatibility between scaffold and osteogenic cells and ability to undergo a spinal fusion.    

 


