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Extended Abstract 
Myocardial infarct is the leading cause of mortality and morbidity in the western society [1]. Coronary artery 

occlusion is the main etiology and it is commonly treated by coronary artery bypass using a vein graft. Long-term 

outcomes are still unsatisfactory [2]. The vein faces the restenosis phenomenon during the post-surgery, which consists in 

the re-occlusion of the lumen and usually requires secondary intervention within 10 years after the initial surgery [3]. 

Numerous works have been focusing on the restenosis issue, but significant advances have not been reached yet. The 

primary cause leading to the vascular adaptation is still not fully understood. 

In effect, the root of the re-occlusion must be searched for at genetic level. Accordingly, in the present work we used 

extensively the vein graft rabbit model developed from Scott Berceli’s team to construct a multiscale model that can assess 

the genetic level of the restenosis and serve as basis for a gene therapy. 

Specifically, the goal of our work is to manipulate targeted genes in order to limit the restenosis phenomenon and to 

accelerate the development of future therapies for vein graft restenosis. 

We developed a multiscale model based on two coupled components: (1) a dynamical system that describes the 

adaptation of a vein bypass graft to mechanical stresses imposed by switching from a venous flow to an arterial one [4], 

and (2) a gene network system that replicates the expression of targeted genes and details their impact on the main cellular 

events leading the restenosis. 

This innovative hybrid model has been calibrated on experimental data obtained from vein grafts harvested from 

rabbits. This is a complex process, where a heterogeneous set of data at gene, cellular and anatomy level can be used either 

for calibration or for further validations. 

A gene therapy has been simulated following two principles: (1) by inactivating one-by-one each gene belonging to 

the network, or (2) by modifying the initial conditions of the gene network itself. 

The hybrid model replicated the experimental data with high level of accuracy. Stability and robustness have been 

systematically tested with a perturbation method. The analysis of the genes’ manipulation showed that two clusters of 

genes are potentially candidate to be knocked down to limit the restenosis. However, the reduction in intimal thickness was 

rather limited (21%). 

On the other hand, by perturbing the initial conditions of the gene network, we obtained an overall reduction of the 

intimal thickness of 69%. 

The “in silico” model developed is accurate, fast to run, easy to use and predictive.  

We obtained a more significant impact on the restenosis reduction by modifying the initial conditions of the gene 

network than with the inactivation of the genes. Consequently, this will be the basis for our future work. A first step will be 

to look for a minimal set of genes manipulation leading to significant improvements and that can also be tested with 

existing drugs. 
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