
Gene therapy induced bone allograft revitalization

Introduction
Cryopreserved structural bone 
allografts are commonly used 
for segmental defect 
reconstruction

Allograft bone remains largely 
necrotic over time, resulting in 
risks of infection, non-union and 
late stress-fracture 
Generating a blood supply 
within the allograft may 
improve results 

-Placement of an 
arteriovenous (AV) bundle 
within the bone promotes 
angiogenesis

- Local production of vascular 
endothelial growth factor 
(VEGF) and platelet-derived 
growth factor (PDGF) may 
accelerate rate and extent of 
revascularization

We studied the use of an adeno-
associated (AAV) viral vector to 
transfect AV bundle
endothelium for production of 
VEGF and PDGF.

Conclusions
Transfection of endothelial cells prior to AV 
bundle implanatation with  AAV.VEGF .PDGF 
gene therapy  improved vascularity and bone 
remodeling

This also resulted in development of benign 
vascular tumors in cutaneous tissues of rats and 
pigs. Co-expression of VEGF and PDGF did not 
prevent the formation of aberrant vascular 
tumors as others have reported, and viral DNA 
present in all tumors suggests possible 
chromosomal integration of the AAV viral 
genome. Further investigation regarding possible 
chromosomal integration as well as the role of 
dose and species-specific effects is required.

Methods
16 Yucatan mini-pigs had 3.5 cm segmental bone 
defects reconstructed with cryopreserved allograft bone.
Grafts were ‘re-vitalized’ by one of 2 methods [fig1]:

Group I:  AV-bundle + AAV.VEGF.PDGF (n=8)
Group II: AV-bundle  alone (n=8)
Survival time  : 20 weeks                                

Analysis
Micro-CT angiography  [fig2]
Bone remodeling (quantitative histomophometry) [fig3]

Both medullary (61mm³) and cortical (108 mm³) 
vascular volumes were significantly higher in Group 1

Bone remodeling was significantly higher in group 1 as 
measured by  osteoblast number (224), osteoid volume 
(3mm²) and eroded surface (11 mm²).

Unexpectedly, 5 out of 8 pigs in Group 1 developed 
cutaneous vascular tumors at the surgical  site, and in 
remote locations including  abdomen, head and other 
limbs [fig4]. 

Tumors were first seen 10 weeks postoperatively, and 
continued to develop over the survival period. Multiple 
surgeries were necessary in 3 animals to stop cutaneous 
hemorrhage, and led to premature sacrifice of one.

Results

Figure 2: MicroCT angiography of AV bundles

Figure 3: bone histology at 20 weeks

Elisa S Rezaie, MD, Noortje Visser MD, Patricia F Friedrich, 
Alexander Y Shin MD, Allen T Bishop, MD

Figure 4: Vascular tumors on face (A), operated 
leg (B) and abdomen (C)

Figure 1: A: AV bundle, B-D: tibial defect,
E: Placement of AV bundle, F: plate fixation 
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