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Progress of biomechanics of airway smooth muscle and its im-
plication to asthma pathobiology

DENG Lin-hong.(MOE Key Lab of Biorheological Science and Technology, and Bioengineering College,
Chonggqing University, Chongqing 400044, China)

Abstract: Asthma is an old and increasingly life-threatening disease. The mechanism of asthma is, however,
not well understood. In asthma, the gas exchange as the primary function of the human lung can be seriously
impaired. Since gas exchange is achieved through a series of respiratory acts that are operated via physical
forces and stresses acting on each level of the lung structure, biomechanics of lung tissues including airway
smooth muscle (ASM) must have an important role in asthma. In this article, we review latest advances in as-
pects associated with ASM biomechanics. We first discuss the mechanical environment in the lung structure,
then introduce the latest findings of ASM structure and function including ASM contractile filament organization,
functional length range and adaptation, cellular structure and functional changes in responses to mechanical
perturbation, ASM tone as a mediator of strain-induced response, and a nowel glassy cytoskeletal dynamics.
These provide a multiscale view of the current understanding of ASM biomechanics, which may shed new
light, and hopefully lead to a better approach in addressing fundamental issues in asthma phathophysiology.
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Fig1 Mechanical environment in the lung structure. To maintain force equilibrium, total amount of stress exer-

ting on the cross-section of lung tissue must be equal to infrapulmonary pressure (Ppl)(left). At the microstructure

lewel, the equilibrium of stresses between lung tissue interfaces determines the geometry and recoil capacity of

aweoli (right).
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structure
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Fig2 Transmission Electron Microscopy (TEM) image of the
cross-section of airway smooth muscle. Thick arrows point to
myosin thick filaments, thin arrows point to actin thin filaments,
triangles indicate dense bodies.
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Fig3 Recowery of force (open circle) and thick flament density
(closed circle) in airway smooth muscle after exposure to a
stretch with amplitute (peak-peak) at 60% of in situ length and
10 min duration. The muscle is stimulated every 5 min From
Kuo et al (2001)L"81.
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Fig4 Schematic presentation of airway smooth
muscle reorganization in response to uniaxial and
biaxial stretch
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Fig5 Log-median values of G’ (closed circle) and G"(open cir-
cle) measured in freshly dissociated airway smooth muscle
cells wersus loading frequency. The solid line indicates power-

law fitting with two frequency regimes-from Deng ef a/l78!.
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ched to airway smooth muscle cells versus observation time, t
(s). tw is the waiting time at which observation begins after each
large stretch.
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