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Plasticity of skeletal muscle and variability of myonuclear domain
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Abstract Skeletal muscle fiber has a great ability to hypertrophy during growth and in re-
sponse to exercise stimuli, and atrophy during aging and in response to disuse. Because the
muscle fiber is a multinucleated cell, the region of cytoplasm governed by a single myonucleus
(myonuclear domain; MND) is a very important factor for understanding muscle plasticity.
Although the MND size varies with fiber type, metabolic property and species, it was con-
sidered that the size was maintained constantly during muscle adaptation. Recently, however,
there have been many studies demonstrating the variability of the MND size. In some of these
studies, it is hypothesized that muscle hypertrophy is achieved by increase in protein synthe-
sis rate until the ‘ceiling” of MND size and subsequent addition of myonuclei by satellite cell
activation. On the other hand, during muscle atrophy, the myonuclei seems to be long lasting
as ‘muscle memory’ storing information about previous size to prepare for recovery of muscle
fiber. Understanding the variability of MND size more deeply would provide fundamental in-
sights into the mechanism of skeletal muscle plasticity.
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Fig. 1 Myonuclear domain (MND) size (in um®) in muscle
fibers expressing type I, ITA, IIAX, IIX, IIXB and IIB myosin
heavy chain (MHC) isoforms from species with a body mass
ranging from 25g to 2500kg (partial change)'. These sam-
ples were taken from the soleus and extensor digitrum longus
(EDL) in C57BL/6] mouse (6-month old), the soleus, gas-
trocnemius (GN) and EDL in Sprague-Dawley rat (6-month
old), the vastus lateralis (VL) in human (21-yaer old), the
soleus and gluteus in Swedish Landrace pig (4-year old), the
gluteus medius and EDL in Quarter horse (1-year old) and
hamstrings muscle group in the white rhinoceros (26-year
old). Values are means + standard deviations.

Fig. 2 Typical single fibre isolated from gluteus medius (A,
contained rich type IIx fibre) and masseter (B, mainly con-
sisted of type I fibre) muscles in Thoroughbred horse®. A-1
and B-1 are single fibre myonuclei visualised by DAPI, and
A-2 and B-2 present a part of a fiber sarcomere stained by
the membrane-specific dye.
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Fig. 3 Relationship between single fibre myonuclear domain
(MND) sizes and muscle properties (partial change)®”. The
MND sizes plotted for the percentage of type I (a) and suc-
cinic dehydrogenase (SDH) activity (b). The symbols present
each site of the body as follows; B: hindlimb, M : thoracic and
trunk, +: forelimb, x: head and neck, O: respiratory-related.
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Fig. 4 Effect of denervation on overload muscle studied in
vivo™ . In female mice, approximately two thirds of the distal
end of the tibialis anterior muscle was excised to overload
the extensor digitorum longus. After 14 days, denervation
was performed by surgically exposing the sciatic nerve in the
thigh and then removing a 1-cm-long section of the nerve or
by reflecting the nerve and suturing it under skin to prevent
reinnervation. Quantification of nuclei per millimeter of fiber
length and cross sectional area (CSA) of single fibers after
denervation of hypertrophied muscle. Each data point repre-
sents the mean = SEM (n = 23-35 fibers from six to eight
animals). Muscles were synergistablated and not denevated
for 35 days (). *Statistical significance difference (P < 0.05).
n.s., Nonsignificant difference from 14 days of overload.
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Fig. 5 Number of satellite cells (SCs) in each fiber type (A) and relative values of Pax7 mRNA expression (B) of rat dia-
phragm muscle (partial change)®. The young (Y: 2-month), adult (A: 14-month), and old (O: 24-month) male Wistar rats
were randomly divided into the sham-control (CTL) and compensatory activation for 6-day (CAC) groups (n = 7 for each
group). In CAC groups, the left phrenic nerve was transected to induce compensatory activation at the right side of diaphragm.
The relative values of Pax7 mRNA expression are expressed as fold change from the young CTL group. Values are means +
standard deviations. *Significantly different from the age-matched CTL (P < 0.05).
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