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Abstract

H2-calponin, an actin-cytoskeleton associated protein, is expressed in smooth muscle and certain non-muscle cells. Researchers have
demonstrated that H2-calponin proteins are highly expressed in developing and remodeling tissues. As a mechanical tension responsive gene
inside the cell, H2-calponin interacts with F-actin and certain focal adhesion proteins, modifies cytoskeleton function, takes part in mechano-
chemical signal transmission and plays an important role in cell proliferation, differentiation, motility and cytokinesis. Based on recent research
progresses in this field, this paper reviewed the molecular characteristics of H2-calponin and the role of H2-calponin in mechano sensation and

mechano transduction.
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Introduction

Calponin is a member of the family of actin-binding proteins
found in a variety of cells, which is well known for its inhibition
of actin-activated myosin ATPase. There are three distinct calponin
is forms in the vertebrates as the products of three homologous
genes, named hl-calponin (basic calponin, iso electric point (pl)
= 9.4), h2-calponin (neutral calponin, pl = 7.5), and h3-calponin
(acidic calponin, pl = 5.2) [1-3]. The amino acid sequences of the
three calponin is forms are highly conserved in most parts of the
polypeptide chain [4], suggesting that in smooth muscle and
non-muscle cells they may function by regulating the structure of
actin filaments. In recently, high levels of h2-CaP in non-muscle
cells have been found including keratinocytes [5,6], epidermal
cells [7,8], endothelial cells [9], fibroblasts [2], macrophages and
myeloid phagocytes [10]. H2-CaP may play an important role in
the organization of actin cytoskeleton [11], proliferation [12],
and migration [10] and in cytokinesis [12]. h2-CaP is expressed
in lung alveolar epithelial cells, epidermal keratinocytes, and
fibroblasts and plays a part in stabilizing the actin cytoskeleton. The
expression and degradation of h2-CaP are regulated by mechanical
tension in the cytoskeleton [7, 8]. Extended from calponin’s
role in proliferation, migration, development and in cytokinesis
studies, this review focuses on the role of calponin in cell mechano
transduction.

H2-Calponin and Mechanical Tension

In vitro calponin’s function is regulated by its interaction with
Ca2+- binding protein and/or by its phosphorylation. This suggests
that calponin may play an important role in signal transduction
from the membrane receptor to the contractile proteins in smooth

muscle. Cells transmit mechanical signaling to inside mainly
through microvilli or ion channel on the cell membrane. Danninger
et al. [11] showed that h2 calponin localizes to the ends of stress
fibres and in the motile lamellipodial protrusions of spreading cells.
The localization of h2 calponin to the actin filament may facility
cells to sense stress. This preferred association of h2 calponin with
F-actin at the cell periphery suggests that h2 CaP may be involved
in the regulation of actin organization. Fukui et al. [5] demonstrated
the presence of h2-calponin in human keratinocytes, and it might
play a role in the structural organization of actin cytoskeleton at
the cytoplasmic region of cell-to-cell junctions of keratinocytes. H2-
calponin may represent a novel manifestation of mechanical tension
responsive gene regulation that may modify cytoskeleton function
[8]. The expression of h2-calponin is cell anchorage-dependent and
h2-calponin expression decreases when cells are rounded up and
remain low when cells are prevented from adhering to culture dish.
After the floating cells are allowed to form a monolayer in plastic
dish, h2-calponin expression recovers. H2-calponin expression is
affected by the mechanical properties of the culture matrix. When
cells are cultured on soft polyacrylamide gel which applies less
traction force to the cell and, therefore, lower mechanical tension
in the cytoskeleton, the level of h2-calponin is significantly lower
than that in cells cultured on hard gel. The results indicated that
mechanical tension in the cytoskeleton produced against the
substrate stiffness [13] regulates h2-calponin gene expression.
Hossain et al demonstrated that the expression of h2-calponin is
rapidly up-regulated during postnatal lung development coincident
with the respiratory expansion of alveolar epithelial cells [7]. The
mechanical tension built in the actin filaments by myosin motors
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regulates h2-calponin gene expression. Blebbistatin, an inhibitor
of non-muscle myosin II, significantly decreased the levels of
h2-calponin protein [8] and mRNA [7] in comparison with the
controls by diminishing the mechanical tension built in the actin
cytoskeleton [14].

H2-Calponin and Mechanotransduction

All living cells respond to mechanical forces by morphology
alteration, gene regulation and protein modifications. The
reorganization of the actin cytoskeleton plays a key role in cellular
responses to mechanical stimuli. Therefore, the changes in
localization and expression of h2-calponin in cells may represent a
mechanism for the actin cytoskeleton to respond to the mechanical
environment of the cell. However, how cells sense mechanical
signals and convert them into biochemical regulations during
cellular responses to mechanical stimuli are much less understood.
The process of activating myosin ATPase to generate contractile
force in muscle may be involved in the conversion of chemical
signals into mechanical responses in living cells. Mechanical signals
to bone are introduced to osteoblasts or osteocytes by mechano-
sensing receptors (such as integrins) [15]. H1 calponin is found
in osteoblasts and as a negative regulator of new bone formation
[16]. H1 calponin-deficient mice showed enhanced membranous
bone formation in their developmental stage, which results in thick
long bones at birth. In h1 calponin deficient mice, the degree of tail-
suspension induced bone loss was significantly alleviated and the
phosphorylation form of h1 calponin might be a causative molecule
in weightless-induced osteopenia [16].

Conclusion

In conclusion, there are three iso forms of calponin in smooth
muscle and non-muscle cells and the function of calponin as
regulators of the actin cytoskeleton. Recent experimental data
demonstrated calponin may represent a novel manifestation
of mechanical tension or abnormal gravity responsive gene
regulation that may modify cytoskeleton function to involve in
cell mechanosensation and mechnotransduction. The detailed
mechanism on how cells sense mechanical stimuli and transmit
the mechanical signals to biochemical signals needs to be further
studied in the future. Further investigations into function of calponin
in cell mechanotransduction under physiological and pathological
conditions will not only provide fundamental knowledge for cell
mechanosensation, but also help to understand the development
and treatment of diseases.
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