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Background: A hallmark of aortic valve sclerosis is extensive remodeling of the extracellular matrix, ultimately leading to calcification. Matrix remodeling alters the stiffness of the valve interstitium. The role of matrix mechanics in regulating valve interstitial cell (VIC) differentiation and valve calcification is not defined.
Objective: To determine if ECM stiffness regulates VIC differentiation to calcifying phenotypes.
Methods: Primary porcine aortic VICs were seeded on constrained stiff or compliant type I fibrillar collagen matrices. Cells were cultured in osteogenic conditions for up to 10 days, and in some cases with TGF-&#946;1 or swinholide A (to disrupt the actin cytoskeleton). Immunohistochemical staining, RT-PCR, and biochemical analyses were used to assess stiffness-dependent VIC morphology and differentiation.
Results: On compliant substrates, VICs formed multiple calcified bone-like nodules containing viable cells. The nodules stained positive for alkaline phosphatase and osteocalcin, and VICs on compliant substrates had elevated expression of multiple osteoblast markers compared with cells on stiff matrices, including osteonectin mRNA, osteocalcin mRNA and cbfa-1 protein (P<0.06). In contrast, the majority of VICs on stiff substrates differentiated to myofibroblasts that expressed abundant alpha-smooth muscle actin stress fibers. Only a few calcified aggregates formed on the stiff substrates (P<0.05), and those that did contained apoptotic cells consistent with dystrophic calcification. TGF-&#946;1 accelerated aggregate formation on stiff (P<0.05), but not compliant substrates. Disruption of actin reduced aggregate formation on stiff substrates (P<0.05), but had no effect on compliant matrices.
Conclusions: VICs calcify through distinct osteogenic versus dystrophic processes that are regulated by matrix mechanics.

