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LR DBEE (FE Q) : Skeletal muscle regeneration and work-induced hypertrophy rely on molecular
events responsible for activation and quiescence of resident myogenic stem cells, satellite cells. The
present studies of satellite cells in culture and in vivo demonstrated the essential role of hepatocyte
growth factor (HGF) in the activation cascade of events including Ca-calmodulin complex formation,
nitric oxide synthase (cNOS-1) activation, NO radical production, matrix metalloproteinase (MMP)
activation, HGF release with associated extracellular segments of proteoglycans, and HGF binding to
the high-affinity receptor, c-met. These experiments also revealed that HGF could induce satellite cell
quiescence by stimulating myostatin expression, however, the HGF concentration required (over 10-50
ng/ml) is much higher than that for activation (2.5 ng/ml). Considering that HGF is produced by
satellite cells and other cells in response to muscle damage, local concentrations of HGF bathing satellite
cells may reach a threshold sufficient to induce myostatin expression. This time-lag may delay action
of the negative feedback signaling in proliferating cells during initial phases of muscle regeneration,
therefore, the time-coordinated increase in extracellular concentrations of HGF is a key modulator for
the two contrary pathways having low and high thresholds. According to this scenario, the cell
activation and quiescence may be a temporally coordinated sequence of events centering on the actions
of HGF on myogenic cells. By understanding the “mechano-biology” of satellite cells, we will be able
to design new procedures that specifically target activation and quiescence to enhance muscle growth
and repair, contributing to the meat-animal production and human sports and health sciences aimed to
enhance physical performance and medical therapies for muscular dystrophy and age-related atrophy.
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FIGURE 1. Effect of tissue inhibitor-1 of MMPs (TIMP-1) on satellite cell activation.
Satellite cells were subjected to activation cultures in the presence or absence of recombinant TIMP-1.
followed by BrdU-activation assay. SNP, sodium nitroprusside of NO donor.
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FIGURE 2. Calcium-induced activation of satellite cells is abolished by
calmodulin inhibitors. Satellite cell cultures were maintained in the presence of calcium
ionophore, A23187 or ionomyein (panel A), and of calmodulin inhibitor, calmidazolium, W-12
or W-13 (panel B) with 3 mM A23187, then evaluated for the activating activity by BrdU-
activation assay. a. positive control with 2.5 ng/ml HGF:; b. negative control with DMEM.
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FIGURE 3. High concentration HGF treatments reduce the proliferation activity
of satellite cells in cultures. Satellite cells were stimulated for activation for 24 hr by 2.5 ng/ml
recombinant HGF in DMEM-10% HS (b). then incubated with higher concentrations of HGF for the
next 72-hr period followed by BrdU-incorporation assay at 24-hr intervals of time. Panel A, HGF-
dose dependence monitored at 72-hr post-plating by the proliferation index decreasing down to a
baseline level comparable to the 24-hr control culture not receiving 2.5 ng/ml HGF (a). Cell lysates
of companion cultures were analyzed for the mRNA expression of a differentiation marker myogenin
at 72-hr post-plating by real-time PCR standardized with HPRT (upper inset): lane C, control; lanes
HGF, with 2.5 and 500 ng/m] HGF. Panel B, time courses of the BrdU-incorporation activity and the
relative cell density (inset) in cultures treated with 2.5 ng/ml and 500 ng/ml HGF.
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FIGURE 4. Delayed action model for satellite cell quiescence.
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