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Cardiac valves are the most mechanically challenged tissues in the body, and yet knowledge on cell biology, 
biochemistry, matrix homeostasis, genetics, mechanics, pathology, replacement and regeneration is still incomplete. 
Current artificial valve replacements made of non-living biomaterials greatly increase the quality of life of valvular 
patients, but these devices fail after 10-15 years in adults and within 3-5 years in children. Accordingly, there is a 
great need for viable tissue implants which would replicate valvular mechanics and biology.  
Tissue engineering, the science of combining scaffolds, cells and signals to regenerate living heart valves holds 
great promise for treatment of heart valve disease.Our approach combines the outstanding mechanical and 
biological properties of xenogeneic valves with the plasticity of autologous adult stem cells. Westarted by completely 
decellularizing porcine aortic and pulmonary roots using devices and procedures invented in our labs. Quality control 
tests ensured lack of porcine cells and antigens and preservation of major matrix components and mechanical 
characteristics. Next, adipose-derived stem cells were collected from sheep from selected anatomical sites, tested 
for plasticity in vitro (by differentiation into classical lineages) and multiplied several passages before being seeded 
within the acellular valve scaffolds. Autologous stem cell-seeded valve rootswere then mounted within a conduit 
made from stabilized acellular pericardium and implantedas right ventricle to pulmonary artery shunts (with full 
ligation of the pulmonary artery) in sheepand followed by echography for up to 6 months. 
Our results showed that: 1)preservation of mechanical and biological propertieswas possible by controlled 
decellularization in specialized devices and bioreactors, 2) adult stem cells differentiated in vitro into valvular 
interstitial cells when exposed to appropriate biochemical and mechanical signals, 3) successful valve implantation 
with minimally invasive surgery approacheswas possible and yielded excellent animal recovery. To date most valves 
functioned properly and explant analysis is ongoing. Large animal pre-clinical testing in sheep revealed the feasibility 
of this approach and these promising results increase enthusiasm for the future of cardiac valve tissue regeneration.  
This multidisciplinary project was made possible by contributions from several research teams specialized in 
bioengineering, stem cell biology, biochemistry, cardiac surgery, cardiology, echography, veterinary medicine and 
animal care, pathology, histology and immunohistochemistry and project management.  
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