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Muscular dystrophies are a group of
disorders characterized by progressive
muscular degeneration. One of the most
common type is Duchenne muscular
dystrophy (DMD), which starts early in
life, is most often inherited and almost
exclusively affects males. It is well-known
that the disorder is linked to alterations
of the dystrophin protein that supports
muscle fibre function (Gao & McNally,
2015). In addition to impaired execution
and co-ordination of voluntary movements,
the muscular degeneration associated with
dystrophin deficiency can cause respiratory
and cardiac dysfunction, severely limiting
life expectancy. In particular, DMD is
considered to be one of the most
serious genetic diseases affecting children
worldwide. Animal models of muscular
dystrophy have been studied extensively
over the last 30 years to further
elucidate these types of disorders. The
majority of these studies have focused on
morphological alterations of the dystrophic
muscle fibres. However, within the body of
skeletal muscles, there are also specialized
encapsulated muscle fibres that form part
of muscle spindles. These spindles are peri-
pheral mechanoreceptor organs encoding
muscle stretch, with important roles in
proprioception and sensorimotor control.
The specialized muscle fibres inside spindles
are called ‘intrafusal’, as opposed to the
‘extrafusal’ muscle fibres found outside of
spindles. Unlike extrafusal muscle fibres,
intrafusal muscle fibres do not produce
consequential levels of contractile muscle

force. Intrafusal fibres are nevertheless
fundamental for the proper functioning of
muscle spindles. Although alterations in
intrafusal fibres in DMD have been reported
before, data considering the functional
implications of DMDs on the intrafusal
muscle fibres have been lacking. In this issue
of The Journal of Physiology, Gerwin et al.
(2020) address the above in an elegant new
study, generating interesting results with
translational potential.

For their study, Gerwin et al. (2020)
used some of the common mice models
of muscular dystrophies: the DMDmdx

mutant mice (dystrophin-deficient) and
the SJL-Dysf (dysferlin-deficient) strain.
Morphological analysis based on immuno-
histochemistry staining was followed
by immunofluorescence confocal micro-
scopy of intrafusal fibres with single
unit electrophysiological recordings. Their
results corroborated previous findings
regarding the specific localization of
different dystrophin associated glycoprotein
complex components. They reported
absent immunoreactivity in the intra-
fusal fibres of the DMDmdx mice
compared to the wild-type animals. On
the other hand, utrophin appeared to be
upregulated in DMDmdx mice, suggesting
a possible compensatory response to
the absence of dystrophin. Interestingly,
Gerwin et al. (2020) found that over-
all morphology and number of muscle
spindles remained unaltered. This suggests
that the involvement of intrafusal fibres
in DMD is present but less severe
compared to the extrafusal level of
pathological alterations. A novel feature
of their study was combining the above
methodology with the ex vivo single afferent
recordings from the dystrophic muscle
spindle mechanoreceptors. During these
investigations, differences were observed in
intrinsic properties, including not only the
spontaneous firing rate during rest, but also
changes in the dynamic responses of the
spindles to muscle stretch. Specifically, the
dystrophic mice exhibited a higher resting
state discharge (i.e. ‘tonic’ firing rate) and
a higher discharge as a response to small
sinusoidal stretches. Similar results were
observed in two different dystrophic models
characterized by different pathological
molecular basis.

The role of altered muscle spindle
function has been generally neglected when
considering possible pathophysiological
mechanisms underlying muscular
dystrophies. For example, increased
erratic output of spindle afferents could
lead to impaired multijoint co-ordination
and falls, and such symptoms are also
associated with DMD. Increased spindle
afferent firing rates at rest can, via the
monosynaptic stretch reflex, also lead to
increased muscle tone and stiffness that may
accelerate the degeneration of extrafusal
muscle fibres. The current results, apart
from elucidating the origin of symptoms
also suggest the development of possible
therapeutic approaches. For example,
proprioceptive training (Aman et al.
2015) may be able to disrupt the negative
consequences of impaired spindle discharge
in voluntary movement and alleviate some
DMD symptoms such as frequent falls.
This training could induce compensatory
re-setting the sensitivity (excitability)
of muscle spindles via the independent
fusimotor system and/or a change in the
way proprioceptive signals are processed
by the CNS. However, this approach is
best suited for patients who maintain a
certain level of voluntary motor function.
The pattern of expression of spindle’s
mechanically gated ion channels presents
another possibility for specific modulation
of spindle afferent activity for the benefit of
DMD patients (e.g. PIEZO2) (Alcaino et al.
2017). Yet another promising approach
for restoring proprioception involves
utrophin, shown to be overexpressed in
dystrophic mice. As reflected by Gerwin
et al. (2020) in their paper, the results
obtained by analysing dystrophic mice
may not be directly applicable to human
DMD patients because DMDmdx mice
generally do not reproduce the severity of
symptoms in humans. On the other hand,
major differences in the molecular cascade
of DMD across cases of varied severity may
offer promising clues for novel therapeutic
interventions. Indeed, in human DMD
patients, a significant positive correlation
has been found between the quantity of
utrophin at initial biopsy and time to
becoming wheelchair-bound (Kleopa et al.
2006). Taken together, the results from
mice models and human DMD patients
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suggest a protective effect of utrophin in
the microscopic degenerative picture and
also in the clinical course of the disease. The
potentially protective effect of utrophin can
be exploited for the further development of
therapeutic approaches. These can include
developing activators for the UTRN gene
that encodes utrophin, or by means of gene
therapy, such as introducing a transgene
that expresses transcription factors that
up-regulate the expression of the UTRN
gene.
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