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Mechanical Stimulation of C2C12 Cells Increases m-Calpain Expression and 
Activity, Focal Adhesion Plaque Degradation and Cell Fusion

A. Grossi, A. H. Karlsson, M. A. Lawson; 
Department of Dairy and Food Science, Royal Veterinary and Agricultural University, 

Frederiksberg C, Denmark

INTRODUCTION
Mechanical Stimulation induces, in myoblasts, an alteration of gene sequences

ABSTRACT
Myogenesis is a complex sequence of events, including the irreversible transition from the proliferation-
competent myoblast stage into fused, multinucleated myotubes. During embryonic development, myogenic
differentiation is regulated by positive and negative signals from surrounding tissues. Stimulation due to
stretch- or load-induced signaling is now beginning to be understood as a factor which affects gene sequences,
protein synthesis and an increase in Ca2+ infux in myocytes. Evidence of the involvement of Ca2+ dependent
activity in myoblast fusion, cell membrane and cytoskeleton component reorganization due to the activity of
ubiquitous proteolytic enzymes known as calpains has been reported. Whether there is a link between stretch-
or load induced signaling and calpain expression and activation is not known. Using a magnetic bead
stimulation assay and C2C12 mouse myoblasts cell population, we have demonstrated that mechanical
stimulation via laminin receptors leads to an increase in m-calpain expression, but no increase in the expression
of other calpain isoforms. Our study revealed that after a short period of stimulation, m-calpain relocates into
focal adhesion complexes and is followed by a breakdown of specific focal adhesion proteins previously
identified as substrates for this enzyme. We show that stimulation also leads to an increase in calpain activity in
these cells. These data support the pivotal role for m-calpain in the control of muscle precursor cell
differentiation and thus strengthen the idea of its implication during the initial events of muscle development.

Figure 6. Breakdown of focal adhesions after
mechanical stimulation of myoblasts.
Stimulated (Bottom) and un-stimulated
(Top) myoblasts were stained for the focal
adhesion plaque protein paxillin. Paxillin
staining can be seen in punctate focal
adhesions in un-stimulated cells but not in
stimulated cells.

Figure 2. The effect of mechanical
stimulation via laminin receptors on m-
calpain expression in C2C12 cells.
Mechanically stimulated (a,c) and un-
stimulated (b,d) myoblasts stained for

µ-calpain

m-calpain

Figure 3. Protein extracts from
control C2C12 cells (N) and
stimulated C2C12 cells (S) were
resolved in 8% polyacrylamide
gel, transferred onto membrane
and detected using antibodies
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Mechanical Stimulation induces, in myoblasts, an alteration of gene sequences
and protein synthesis that leads to muscle cells differentiation.
Muscle cells, during the process of differentiation, undergo a diverse and
well-characterized series of biochemical and morphological changes.
During this process ubiquitous calpains (µ- and m-calpains) were shown to
play a pivotal role.[1]
Moreover, in primary muscle cells, these proteases do not appear
simultaneously throughout muscle cell differentiation. It appears likely that
µ- and m-calpains have different biological roles during muscle cell
differentiation, because these two calcium-dependent proteases do not have
the same intracellular localization .[2]
Mechanical forces are transmitted across the plasma membrane by integrins
receptors. Integrins connect the cytoskeleton to the extracellular matrix and
regulate signaling pathways, because they are positioned to transduce
physical forces into chemical signals. [3]
The goal of this study is to determine the distinct role of the two calpains
isoforms during the early stages of differentiation induced by mechanical
stimulation.
In order to shed light in this process we adapted a method, previously
developed, which employs magnetic microspheres coated with a specific
ligands for integrin receptors. (Fig.1)
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Figure 5. Localization of m-calpain after mechanical stimulation with laminin coated spheres. A. Prior to

stimulation. B. 30 min of stimulation. C. 4 h of stimulation. Arrows - focal adhesion complexes.
Expression of m-calpain increases shortly after mechanical stimulation begins, and the enzyme relocates to

the cell surface. After a longer stimulation time, the staining at the cell surface disappears.
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Figure 4. Quantitation of calpain
activity using a fluorescent substrate
probe. The control cells did not show an
increase in calpain activity over the
course of the experiment, while
mechanically stimulated cells showed a
marked increase in calpain activity by 2.5
h after which time no further increases
were observed.

CONCLUSION

�Cells mechanically stimulated with laminin coated microspheres
express a higher amount of m-calpain, while the expression of the
related enzyme µ-calpain is unaffected by this stimulation (Fig. 2-3).

�Mechanical stimulation increases not only the expression of m-calpain
but also the overall activity of calpain in the cells (Fig.4).

�Mechanical stimulation through laminin receptors causes a re-
localization of m-calpain to cell surface, followed by a disappearance of
the enzyme from these regions (Fig.5).

�The activity of m-calpain at cell surface causes a breakdown of focal
adhesion proteins on the cell surface(Fig.6).

stimulated (b,d) myoblasts stained for
either m-calpain (a,b) or µ-calpain
(c,d). Mechanical stimulation increases
m-calpain but not µ-calpain expression.

and detected using antibodies
against m- and µ-calpain.
Mechanical stimulation increases
m-calpain but not µ-calpain
expression
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Figure 1. C2C12 myoblasts were
mechanically stimulated using a
magnetic beads stimulation assay.
Stimulated cultures were placed on
a heating plate maintained at 37
°C.
Cells were incubated with laminin
coated 1 µm Encapsulated Super-
Paramagnetic Microspheres. Then
placed in a magnetic field of 0.5
mT, generated by an electromagnet

Cells
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