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Project Summary 
Bone loss due to various etiologies (e.g., trauma, neoplasia, congenital defects) is a global problem and limited 
treatment options are available.  Successful bone regeneration must mimic the natural process of fracture 
healing where both angiogenic and osteogenic factors are expressed in specific spatiotemporal patterns.  In this 
proposal, we are testing the following hypothesis: hyperthermia, generated using focused ultrasound (FUS), can 
pattern blood vessel and bone growth by controlling the expression of angiogenic and osteogenic factors in cells 
containing heat shock responsive gene switches.  
 
The following specific aims were proposed: 

1. Define acoustic parameters for FUS-dependent induction of transgene expression in vitro and in vivo. 
2. Demonstrate FUS-patterned blood vessel and bone growth in vivo following the induction of vascular 

endothelial growth factor (VEGF) or bone morphogenetic protein 2 (BMP2).   
 
Summary of Major Findings 

• The acoustic attenuation of fibrin scaffolds was increased significantly by doping the hydrogel with 
hydroxyapatite (HA) particles. Scaffolds containing 5 mg/mL fibrin and either 25 mg/mL HA (Æ: < 2500 
nm) or 50 mg/mL HA (Æ: < 200 nm) displayed a similar attenuation as soft tissue.   

• The intensity of FUS required to generate sufficient hyperthermia and trigger transgene expression in 
composite scaffolds was significantly lower than that required in fibrin only scaffolds. Continuous wave 
FUS exposures of 201 W/cm2 or greater for 2 min yielded robust transgene expression in composite 
scaffolds.   

• C3H/10T1/2 cells carrying the gene switch for firefly luciferase (C3H-fLuc) displayed high 
viability/metabolic activity when encapsulated in the composite scaffolds.   

• Transgene expression was spatially patterned by rastering the FUS transducer at speeds of 0.02 – 0.15 
mm/s.   

• Robust transgene expression was demonstrated in vivo using subcutaneous implants in mice. Re-
activation of the transgene was also shown. 

• The rate of in vivo fibrin degradation in the cell-loaded composite scaffolds was similar for both -FUS and 
+FUS groups.     

• Following implantation in vivo, the cell-loaded composite scaffolds displayed significant compact one day 
after implantation.  

• FUS-induced activation of C3H/10T1/2 cells carrying the gene switch for BMP2 (C3H-BMP2) was 
demonstrated using composite scaffolds containing a co-culture with BMP Reponsive Element (BRE) 
fLuc reporter cells. Activation of C3H/10T1/2 cells carrying the gene switch for VEGF (C3H-VEGF) was 
also demonstrated. 
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