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Satellite cell activity in muscle regeneration after
contusion in rats
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SUMMARY

1. The role of satellite cells in muscle growth during develop-
ment is well documented, but the involvement of these cells in
muscle repair after contusion is less well known. In the present
study, we investigated the time-course of satellite cell activity
(from 3hto7 days) after contusion of rat gastrocnemius muscle
using specific molecular markers for immunofluorescence and
real-time polymerase chain reaction (PCR).

2. Inflammation of the injured muscle occurred within 6 h, fol-
lowed by disintegration of the damaged myofibres within 12 h.
Newly formed myofibres appeared by Day 7.

3. The number of MyoD-positive nuclei (activated satellite
cells) in the injured muscle was significantly increased by 6 h,
reaching a maximum by 12 h after contusion. However, the num-
ber of MyoD-positive nuclei decreased towards control levels by
Day 7. Changes in the number of bromodeoxyuridine-labelled
nuclei (proliferating satellite cells) paralleled the changes seen in
the number of MyoD-positive nuclei. Conversely, expression of
myogenin protein was not apparent until Day 3 and increased
further by Day 7. Colabelling of MyoD and myogenin was seen
in only a few cells.

4. The time-course of MyoD mRNA expression corresponded
with MyoD protein expression. However, there were two peaks in
myogenin mRNA expression: 6 h and Day 7 after contusion. The
second peak coincided thh upregulation of myostatin mRNA
levels.

- 5. The results of the present study suggest that contusion acti-
vates a homogencous population of satellite cells to proliferate

within 3 days, followed by differentiation to form new myofibres.

The latter may be regulated, in part, by myostatin.
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INTRODUCTION

.The primary functions of skeletal muscle are for Jocomotor activity

and in postural behaviour. In relation to these functional demands,
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skeletal muscle is susceptible to injury after physical trauma. How-
ever, a working skeletal musculature is maintained by its remark-
able ability to regenerate. Skeletal muscle repair after injury
depends on myogenic stem cells, commonly referred to as satellite
cells.) Electron microscopy bas been used to observe satellite cells
localized between the basement membrane and basal lamina sur-
rounding individual myofibres.¢ In mature skeletal muscles, satellite
cells are typically quiescent, but can be activated after myotrauma
to repair the damaged myofibres, proliferating and differentiating to
form myotubes that subsequently mature to form myofibres.! Inac-
tivity or a loss of the ability of satellite cells to be activated may
lead to sarcopenia, muscle wasting or impaired muscle regeneration
after injury? Therefore, satellite cells play a major role in muscle
regeneration.

To date, several approaches have been used to investigate the role
of satellite cells in muscle hypertrophy after resistance’ or eccentric
exercise,” as well as regeneration after injury induced by myo-
toxm,’“2 freezing,'> muscle atrophy™ or muscular dystrophy.!*¢
However, the response of satellite cells in a muscle contusion model,
which mimics the physical trauma that occurs in contact sports or
after accidents, has been investigated less extensively. In addition,
most studies using this model bave focused on the histological
changes in myofibres,!” "' the contractile function of the muscle, 2
enhancement of muscle regenerative capacity by growth factors?-?
or the expression of leukaemia inhibitory factor (LIF) and interleukin
(IL)-6™ and their receptors in regenerating muscles.?* There have
only been a few studies of the direct involvement of satellite cells in
muscle regeneration -after contusion injury. In one study, in situ

- hybridization was used to demonstrate that both MyoD and myoge-

nin mRNA are expressed within 6 h after injury and that the density
of MyoD and myogenin staining is highest at the periphery of the
damaged site.2* Conversely, Rantanen ef al.® compared satellite cell
activity after myotoxin and contusion injury, which resulted in dis-
ruption of all components of the muscle (ie. myofibres, nerve and
blood vessels) and found that myogenin mRNA was first detected
between 8 and 12 h after injury, followed by expression of myogenin
protein, with both phenomena occurring before satellite cell prolifera-
tion, as evidenced by bromodeoxyuridine (BrdU) staining 24 h after
injury. These results suggest that there are at least two populations of
satellite cells: committed satellite cells, which are ready to undergo
differentiation, and stem satellite cells, which follow the processes of
proliferation and differentiation. In addition, it was demonstrated that,
in the same time period, changes in myogenin mRNA levels were
greater after contusion compared with notexin-induced muscle
injury’ In view of the conflicting reports and the differences in
the kinetics of muscle degeneration and regeneration in response to
different types of injury,®?° the activation and subsequent activity of



