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Abstract

Background: The media of the aorta consists primarily of smooth muscle cells (SMCs)
embedded in a highly structured matrix of collagen fibrils and elastin lamellae. Thanks
to their phenotypic plasticity, SMCs normally maintain a certain mechanical homeostasis
through variations of their active tone (contractile phenotype, short-term adaptation) and
through synthesis and remodeling of the extracellular matrix (ECM) (synthetic phenotype,
long-term adaptation). However, missensing of mechanical stimuli by SMCs (stress, strain,
or stiffness) can alter the maintenance of mechanical homeostasis and induce impaired adap-
tations that are responsible for thoracic aortic aneurysm (TAA). Accordingly, there is a
pressing need to investigate and model how SMC biomechanics participate in the develop-
ment of TAAs.
Recent Advances: Our recent contributions on this topic were both computational and ex-
perimental:

- using a finite-element model of growth and remodelling based on the constrained mix-
ture theory, we showed that cell mechanosensitivity plays a critical role in TAA progression
and remodelling.

- using traction force microscopy (TFM) on primary SMCs, we recently found that SMCs of
aneurysmal aortas apply larger traction forces than SMCs of healthy aortas. We explained
this result by the increased abundance of hypertrophic SMCs in aneurysmal aortas. Our
experimental results also confirmed that SMCs modulate their traction forces according to
the stiffness two regimes. We even found that SMCs apply optimal traction forces for a
substrate stiffness of 12 kPa.
Future directions: It is now unanimously acknowledged that before catastrophic events such
as rupture or dissections, TAAs enter a vicious circle combining phenotypic modulation/loss
of SMCs and compromised biomechanical properties of the wall. Improvements in clinical
care and prognosis will require that we are able to couple cell models informed by our recent
experimental results with tissue level models of arterial mechanobiology. About mechanoreg-
ulation, the motor–clutch-based model may be the way to put forward, as it can also relate
stiffness increase of the aortic wall to the increase of aortic failure.
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