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Akira Yamane, Satonari Akutsu, Thomas G.H. Diekwisch, and Ryoichi Matsuda.
Satellite cells and utrophin are not directly correlated with the degree of skeletal muscle
damages in mdx mice. Am J Physiol Cell Pﬁysiol. —To determine whether muscle satellite
cells and utrophin.are correlated with the degree of damage in mdx skeletal muscles, we
measured the area of the degenerative region as an indicator of myofiber degeneration in the
masseter, gastrocnemius, soleus, and diaphragm muscles of mdx mice. Further, we analyzed
the expression levels for the paired box homeotic gene 7 (pax7), m-cadherin (the makers of
muscle satellite cells), and utrophin mRNAs. We also investigated the immunolocalization of
m-cadherin and utrophin i)roteins in the muscles of normal C57BL/ 10 (B10) and mdx mice.
The expression level for pax7 mRNA and the percentage of m-cadherin-positive cells to the
total number of cell nuclei in the muscle tissues in all four muscles studied were greater in the
mdx than in the B10. However, there was no significant correlation between the muscle
damage and expression level for pax7 mRNA (R=-0.140), nor was there a correlation between
the muscle damage and the percentage of satellite cells to the total number of cell nuclei (R=-
0.411) in the mdx. The expression level for utrophin mRNA and intensity of immunostaining
for utrophin in all four muscles studied were greater in the mdx than in the B10. However,
neither was there a significant correlation between the muscle damage and the expression level
for utrophin mRNA (R=0.231) in the mdx, although up-regulated utrophin was incorporated
into the sarcolemma. These results suggest that satellite cells and utrophin are not directly
correlated with the degree of skeletal muscle damages in rhdx mice.

mdx mouse; skeletal muscles; dystrophy; satellite cell; utrophin



The X chromosome-linked muscular dystrophic mdx mouse lacks the sarcolemmal protein,
dystrophin, and represents a genetic homologue of human Duchenne muscular dystrophy.
Dystrophin is a 427 kDa cytoskeletal protein that is expressed in the sarcolemma (membrane
structure of the myofiber) and contributes to the stability of the sarcolemma. Lack of
dystrophin causes myofiber degeneration due to membrane damage, calcium over-uptake by
muscle cells, over-contraction, and activation of intracellular proteinase (2, 19). The damage of
the myofibers varies among the muscles of the mdx mouse; the mdx diaphragm muscle is more
severely damaged by dystrophy than are the other muscles (9, 27), whereas craniofacial
muscles such as the masseter and extraocular muscles are less damaged (15, 20). However, the
mechanism underlying differences in the degree of myofiber damage among the mdx skeletal
muscles is unclear.

Muscle satellite cells are mononuc]egted and quiescent stem cells that reside between
the sarcolemma and basal lamina of adult myofibers (4, 12). In response to stimuli such as
mechanical loading, unloading, denervation, and injury, the satellite cells are activated to
proliferate, differentiate to myoblasts, and fuse to pre-existing myofibers. This activation is
thought to induce adaptive changes of skeletal muscle such as hypertrophy, the alteration of
fiber type, and regeneration (1, 4, 12, 23). These observations suggest that satellite cells are
correlated with the degree of damage in mdx skeletal muscles.

Utrophin is a paralogue of dystrophin and can functionally replace dystrophin (2, 7,
30). In normal adult myofibers, the expression of utrophin is confined to the newromuscular
and myotendinous junctions, whereas, in mdx myofibers, utrophin is expressed throughout the
sarcolemma instead of dystrophin and the total amount of utrophin is markedly elevated in
comparison with that in normal myofibers (2, 33). Moreover, transgenic mdx mice displaying
fairly high amounts of utrophin show a complete correction of the dystrophic status (30). On

the other hand, mdx mice where the utrophin gene has been inactivated present a catastrophic



aggravation of their myopathy leading to early death (6). The situation in mdx muscles,
however, lies between these last two extremes. And it seems inﬁportant to know if the
spontaneous level of utrophin expression is negatively correlated with the degree of damage in
mdx skeletal muscles.

In the present study, to determine whether muscle satellite cells and the expression of
utrophin are correlated with the degree of damage in mdx skeletal muscles, we measured the
area of the degenerative region relative to the total muscle area, an indicator of myofiber
degeneration, in the masseter, gastrocnemius, soleus, and diaphragm muscles of the mdx
mouse. Further, we analyzed the mRNA expression levels for the paired box homeotic gene 7
(pax7), m-cadherin (the makers of muscle satellite cells), and utrophin, and investigated the

immunolocalization of m-cadherin and utrophin in the muscles of both normal and mdx mice.

‘MATERIALS AND METHODS

Experimental animals. Dystrophic mdx and control C57BL/10J (B10) mice, obtained
from the Central Animal Research Laboratory (Kanagawa, Ja};an), were used throughout the
present study. All mice were kept on a 12 h light-dark cycle, fed a pellet diet (CE-2; Clea
Japan, Tokyo, Japan), and were allowed tap water ad libitum. All experimental protocols
concerning animal handling were reviewed and approved by the Institutional Animal Care

Committee of the Tsurumi University School of Dental Medicine.

Histological analysis of degenerative area. Six mdx and six control B10 mice, aged 6
weeks, were killed by cervical dislocation under ether anesthesia. The body weights of the mdx
and B10 mice were 17.2+ 1.9 g and 18.9% 1.5 g (mean=+ | SDj, respectively. Whole portions
of the left masseter, gastrocnemius, soleus, and diaphragm muscles were removed and fixed in

Bouin’s fixative for 1 h at 4°C. After washing in phosphate-buffered saline (PBS), the sections



