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Alterations in single muscle fibre size
(hypertrophy or atrophy) occur by
regulating protein turnover (synthesis/
degradation rates) and myonuclear content
within each cell. Skeletal myofibres are
multinucleated (syncytial) cells and post-
mitotic myonuclei cannot divide to create
new nuclei; consequently, myonuclear
addition depends on the action of a
relatively small pool of muscle stem cells (i.e.
satellite cells). While satellite cell activation
(and myonuclear addition) coincides with
hypertrophy in most models, satellite
cell independent hypertrophy has been
shown in response to non-physiological
conditions (i.e. extreme atrophy, Jackson
et al. 2012, or satellite cell ablation,
McCarthy et al. 2011). Healthy muscle
hypertrophy, regrowth (following atrophy),
and regeneration (following injury) are
probably distinct processes, with some
conditions requiring myonuclear addition
via satellite cells and others achieving
satellite cell-independent growth.

As a heterogeneous tissue, muscle contains
multiple fibre types with distinctive
functional and metabolic profiles; human
skeletal muscle commonly expresses three
myosin heavy chain (MyHC) fibre types
(I, IIa and IIx) as well as intermediate
‘hybrids’ (I/IIa, IIa/IIx, I/IIa/IIx). Fibre
type-specific responses to the same stimulus
often vary widely and intrinsic mechanisms
regulating hypertrophy probably differ
among fibre types. A recent article published
in The Journal of Physiology investigated
the effects of aerobic exercise training on
MyHC fibre type-specific hypertrophy and
satellite cell activation in healthy adult
skeletal muscle (Fry et al. 2014). While
most mechanistic hypertrophy research in
humans utilizes robust resistance training
programmes to stimulate growth, this study

stood out by using a modest and practical
12 week aerobic training programme. Pre-
and post-training vastus lateralis muscle
biopsies were taken from 23 volunteers
(6 men and 17 women) to investigate
MyHC fibre type distribution, fibre size
(cross-sectional area, CSA), and satellite cell
and myonuclear content using immuno-
fluorescence histochemical analyses. Briefly,
the researchers found that aerobic training:
(1) increased MyHC IIa and decreased
MyHC IIa/IIx (hybrid) fibre proportions,
(2) increased MyHC I and IIa fibre CSA,
and (3) increased satellite cell and myo-
nuclear content in MyHC I (but not II)
fibres in healthy adults. MyHC fibre type
distribution and size changes have been
shown following aerobic training, but this is
the first study to document a phenomenon
where hypertrophy occurred in both fibre
types (MyHC I and II) with satellite cell
activation and myonuclear addition only
in MyHC I fibres. The remainder of this
commentary will focus on the differential
role of myonuclear addition as a hyper-
trophy mechanism in slow (MyHC I) vs. fast
(MyHC II) muscle fibres as highlighted in
the investigation by Fry and colleagues.

The ‘myonuclear domain’ represents
the sarcoplasmic volume regulated by a
single nucleus in multinucleated skeletal
muscle fibres. During initial hypertrophy,
muscle cell growth may occur without
myonuclear addition via enhanced trans-
criptional and translational responses
leading to elevated protein accretion and
myonuclear domain expansion. However,
there may be a ‘myonuclear domain ceiling’,
or theoretical point at which myonuclear
addition must take place for sustained
fibre hypertrophy (Petrella et al. 2006)
as the capacity of genetic machinery and
transport distances must be adequate to
maintain the larger cell’s needs. Significant
increases in myonuclei per fibre have been
reported when the myofibre size increases
>26% (Petrella et al. 2006). In agreement
with the myonuclear domain theory, Fry
et al. showed modest (yet significant)
MyHC IIa fibre growth (12% increase
in CSA) accompanied by no significant
myonuclear addition (3% increase). In
contrast, MyHC I fibres grew (albeit slightly
less than IIa fibres), but this hyper-
trophy was accompanied by significant
myonuclear addition (10% increase). At this

point I would like to note that by using
only an anti-MyHC I antibody to fibre
type, myonuclear content was compared
between fibres that contained the MyHC
I (slow) isoform vs. those that expressed
the IIa and/or IIx (fast) isoform. This may
produce misclassifications in fibre types
(e.g. MyHC I/IIa could be counted as
MyHC I fibres). Hybrid fibre types make
up a large proportion of human muscle
and their physiology is under-researched
due to limitations and confusion of
identification. Future investigations should
utilize methods to measure myonuclear
content using antibodies specific to MyHC
I, IIa and IIx isoforms to provide complete
profiles of the fibre type continuum.
Notwithstanding this potential limitation,
the threefold increase in myonuclear
addition in MyHC I vs. II fibres in this
investigation by Fry et al. provides great
insight into the potentially divergent hyper-
trophy mechanisms between fibre types.

MyHC I fibres contain significantly
more myonuclei (i.e. smaller myonuclear
domains) compared to MyHC IIa fibres
regardless of fibre size (Liu et al.
2009). A greater abundance of myo-
nuclei allows for more efficient trans-
port of molecular components needed for
rapid manufacturing of new proteins and
is probably necessary in MyHC I fibres
due to their faster protein synthesis rates
(and greater mRNA transcription demand)
compared to fast fibre types. The elevated
myonuclear content in MyHC I fibres
following aerobic training shown by Fry
et al. supports the idea that myonuclear
domain size is more tightly regulated in
MyHC I vs. II fibres. From a practical
perspective this makes sense because MyHC
I fibres are used during the normal
activities of daily living and probably require
more frequent repair of damaged proteins
compared to the less frequently activated
MyHC II fibres.

As mentioned previously, the necessity
of satellite cell activation (and myonuclear
addition) during hypertrophy has been
challenged (McCarthy et al. 2011; Jackson
et al. 2012), and the uncertainty of their
role in human muscle probably stems
from variances in methods (e.g. growth
stimulus and histochemical procedures)
and populations being studied. Participants
in the investigation by Fry et al. consisted
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of both males and females of various
ages (26–68 years) and fitness levels
(V̇O2max 19.4–53.7 ml kg−1 min−1), but
no age or sex effect in fibre CSA or
satellite cell content changes was reported.
Participant heterogeneity can be viewed
as a strength given that the results may
be applicable to large proportions of
the population. However, as mechanisms
responsible for fibre type-specific hyper-
trophy (i.e. satellite cell activation and myo-
nuclear addition) are uncertain (even in
highly controlled animal models), future
human investigations may consider using
more homogeneous participants.

Several variables have been proposed to
determine the obligatory nature of myo-
nuclear addition in muscle hypertrophy,
including the type of growth stimuli,
magnitude and duration of hypertrophy
response, age, species, developmental phase,
and sample acquisition timing. This
investigation by Fry and colleagues adds
‘MyHC fibre type’ to this list; the authors
show that slow (MyHC I) and fast (MyHC
II) skeletal muscle fibres have the capacity
to undergo two modes of hypertrophy
in response to the same stimulus, either
with or without myonuclear addition via
satellite cell activation. The magnitude of

the contribution of myonuclear domain
regulation to muscle fibre hypertrophy
remains to be established, but it may take
a more central role in MyHC I fibres. Future
research should build upon knowledge
presented in the manuscript by Fry
et al. to continue elucidating mechanisms
responsible for MyHC specific muscle fibre
size regulation.
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