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Introduction
Vascular tissue engineering aims to generate functioning vascular prostheses for use in cardiovascular bypass surgery. The main limitation of current tissue engineered blood vessels is reduced patency caused by excessive proliferation of smooth muscle tissue, known as intimal hyperplasia (IH). 
Smooth muscle cells (SMC) have two distinct phenotypes, synthetic and contractile. When in the synthetic phenotype, SMC proliferate and produce extracellular matrix proteins, whilst in the contractile phenotype, the cells quiesce and express the proteins needed for muscle contraction.1 Synthetic SMCs, therefore, play a key role in the development of IH in tissue engineered blood vessels,

Equibiaxial tensile strain has been shown to influence the expression of smooth muscle markers, proliferation and extracellular matrix remodelling2, and therefore strain clearly plays a role in dictating the cell phenotype. To-date, however, studies exploring phenotypic changes in response to strain have yielded inconsistent results2. These inconsistencies may be attributable to the difficulty in comparing cell experiments under varying strain conditions. Previous work by the authors has shown that SMC are sensitive to the cyclic strain amplitude and not mean strain3.  The aim of this work, therefore, is to ascertain the degree to which, tensile strain amplitude influences SMC phenotype.
Materials and Methods
Rat aortic smooth muscle cells (RASMC) were cultured on 6-well plates of a Flexcell® FX-5000™ Tension System (Flexcell International Corporation, NC, USA), . The cells were exposed to equibiaxial cyclic tensile strain of the same mean strain but varying amplitudes, Each strain condition represents a different physiological condition, namely (i) healthy tissue, 5%±3%, (ii) diseased or stiffened tissue, 5%±1%, and (iii) degenerative or damaged tissue, 5%±5%. Cells were allowed to adhere to elastic membrane culture plates overnight and then were serum starved for 24 hours. Cells were then cultured for 24 hours under strain conditions and mRNA was harvested. Genetic markers of the contractile and synthetic phenotypes for SMC were assessed using PCR. To confirm PCR results, cells were cultured under each of the strain conditions for 72 hours and Western blots were performed to determine expression of phenotypic markers including MY11, calponin and smoothelin.
Results and Discussion
Our experiments showed that different magnitudes of strain changed the expression of genes and proteins indicative of RASMC phenotype. Strained cells are expected to show an increased contractile phenotype relative to the control. Increasing the magnitude of strain showed a change in mRNA expression at 24 hours and a corresponding change in proteins at 72 hours. 
Conclusions
Analysis of the gene and protein expression of RASMC exposed to different magnitudes of strain shows that the phenotype of SMC is dependent on the magnitude of the strain applied. This has many implications for future work in tissue engineered blood vessels, because it indicates that the loading profile, and consequently the construct stiffness, is critically important for SMC growth and proliferation. These results also have implications for vascular interventions, because SMC over-proliferation, which occurs when SMC are in the synthetic phase, can be responsible for pathophysiological processes such as in-stent restenosis. Understanding the role that the mechanical environment plays in SMC phenotypic changes, and hence SMC growth, will provide critical insights into regeneration of diseased or damaged tissue and the development of tissue engineered blood vessels.
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