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Abstract

microRNAs are small, non-coding, single-stranded RNAs that can suppress mRNA translation at the
posttranscriptional level by binding to imperfect complementary sequences on mRNA targets and then cause their
degradation or hinder protein translation. Recently, bunch of evidence showed that microRNAs (miRNAs) existed in
presynaptic and postsynaptic parts and implicated in the synapses formation and pruning during development and
the modulation of synaptic plasticity in the adult stage. Besides working intracellularly, we previous reported that
miRNAs also could be secreted and became extracellular miRNAs, these extracellular miRNAs could be uptake by
postsynaptic-density enriched fragment and play important roles in synapse. As a special type of synapse, the
neuromuscular junction (NMJ) has three different parts: the muscle fiber, the motor neuron axon terminal and the
perisynaptic Schwann cells. There are microRNA targeting mRNAs in NMJ and the local translation of the mRNA
which contribute to the NMJ formation, maintenance or re-innervation. Interestingly, we noted that a myo specific

miRNA, miR-206 has the potential binding sites on neuronal expressing genes’ 3-untranslated region (3-UTR). In
this perspective review, we assayed the miR-206 and its targeting mRNA expression in muscles and neurons and
analyzed the possibility of secreted miRNAs and their potential roles in NMJ.
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Background

The history of myomiRs

MicroRNAs are temporally expressed and play import-
ant roles in neuromuscular junction (NMJ) maturation,
maintenance and injury-recovery process. In 2008, two
groups both reported that let-7 influence the maturation
of abdominal NM]Js during metamorphosis [1, 2]. Simon
at al. showed that high conserved muscle specific miR-1
regulates the synaptic transmission at neuromuscular
junctions by postsynaptic suppressing the nicotinic
acetylcholine receptors expression and presynaptic regu-
lating the transcription factor myocyte enhancer factor-2
[3]. Furthermore, some activity-regulated specific miRNAs
as well as their targeted mRNA in NM]J are reported and
indicating that miRNA pathway could coordinate the gene
expression at NMJ in an activity-dependent manner [4].
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In fact, there are some tissue-specific or tissue-enriched
miRNAs which implied their remarkable roles in tissue
specification or cell lineage decisions. Canonically, three
“myomiRs” (miR-1, miR-133a and miR-206) are highly
enriched in both heart and skeletal muscle [5]. myomiRs
even are essential in muscle development, which is first
shown by Sokol and Ambros, who reported that deletion
of miR-1 in flies will lead to a premature death because of
a failure of skeletal muscle to properly grow during the
larva development stage [6].

Among the three myomiRs, miR-206 is a strictly
skeletal-muscle specific microRNA and miR-206 also is
one of the most abundant miRNAs expressed in skeletal
muscle. Since 2006, bunch of results reveal the multiple
function of miR-206 in vitro and in vivo: (1) miR-206
promoted muscle differentiation by inhibiting Polal ex-
pression [7]; (2) miR-1 and miR-206 inhibits connexin
43 (Cx43) mRNA translation during perinatal muscle
development [8]; (3) Amyotrophic lateral sclerosis (ALS)
a neurodegenerative disease characterized by progres-
sively loss of motor neurons. However, knocking out
miR-206 in G93A-SOD1 ALS mouse model could
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Fig. 1 Secreted microRNA in the tripartite neuromuscular junction. The neuromuscular junction has three different type cells: (1) muscle fiber and
satellite cells; (2) axon terminals; (3) perisynaptic Schwann cells. The muscle specific miRNAs can be secreted via exosomes and diffuse to nerve
terminal and/or perisynaptic Schwann cells where the exosomes are uptaken by these cells and play regulatory roles locally (arrow)

exacerbate the disease progression [9]. The authors
showed that MiR-206 is required during the regener-
ation of neuromuscular synapses after surgical transec-
tion, and the miRNA-histone deacetylase 4 pathway
contribute to the susceptibility to re-innervation of a
muscle fiber and this theory answered that in ALS
(motor neuron pathology plays a key role), whereas
miR-206 is expressed exclusively in muscles, could coun-
teract the pathology [10]. In fact, Velleca et al. found
that the non-coding transcript 7H4 is synaptically
enriched in 1994 [11]; and the 7H4 was later identified
as the primary miRNA for miR-206 [12]. Interestingly,
the 7H4 transcript, a muscle-specific and up-regulated
upon denervation RNA are enriched in synaptic part.

Main text
Hypothesis: secreted microRNAs might be able to work
in a trans-synapse way

In traditional model, the muscles fiber could release
protein factor or nitric oxide neuromodulator to re-
versely influence their innervating axonal terminals
[13]. Although there is no direct precise evidence of
miR-206 location information in NMJ, we highly suspect
that miR-206 might be trans-synaptic transported. we pro-
posed that the miRNA affects nerve-muscle interactions
via miRNA secretion between NMJ parts. There are some
facts that consistent with our hypothesis.

As well known, both dendrites and axonal terminals
own many mRNA and local protein synthesis. The local
mRNAs translation occurring in axon or dendrites can
provide a local and sustainable source of proteins at sites

that far away from the neuronal cell body. Importantly,
the local RNA content in synaptic parts varies at differ-
ent status. Many mRNA transcripts are known to reside
in developing axons, at beginning, the growth cones
contain primarily mRNAs encoding translation ma-
chinery and cytoskeleton elements. While the local
mRNA of the growth cones switch to a more com-
plex set of genes encoding synaptogenesis-related pro-
teins. Usually, Localized protein synthesis is regulated
by neuronal activities, this mechanism provides an
activity-dependent manner of supply novel proteins
“at demands” [14, 15].

We take brain-derived neurotrophic factor (BDNF) as
an example. BDNF is a neurotrophic factor for neuron’s
survival, growth and differentiation. Previous studies
show that BDNF protects motor neurons from death
and enhance their neurites growth, meanwhile BDNF
also significantly inhibits the synaptogenesis. Further-
more, Song et al. recently reported that BDNF treatment
on nerve-muscles co-culture in vitro could suppress
NM]J formation and maturation and the authors further
proved that this effect of BDNF is through a cAMP-PKA
signaling pathway [16]. From this point, BDNF is inhibi-
tory for NM]J re-innervation. It is reported that miR-206
repressed BDNF during myogenic differentiation in
vitro, which promote us to suppose that whether
miR-206 are secreted from muscles fiber (where abun-
dantly miR-206 is expressed) and uptaken by axonal ter-
minal (little miR-206 and many BDNF mRNA) and
retrograde transport to motor neurons where it might
suppress BDNF synthesis.
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Islamov et al. have shown that some coding mRNAs of
synaptic enriched protein are existed at motor neuron
axon terminals, for example, the synaptosome-associated
protein of 25 kD, (SNAP25) mRNA are locally translated
at motor neuron axon terminal. They further showed
that If inject siRNAs, the protein synthesis is disturbed,
which also prove that there is intense mRNA translation
at presynaptic part [17]. We searched the possible regu-
latory miRNA of SNAP25 mRNA, a conserved binding
site of miR-1/miR-206 is located at SNAP25 mRNA’s
3’-UTR. Similarly, vesicle-associated membrane protein
2 (VAMP2), another main component of a protein com-
plex locating at the presynaptic membrane, also have
miR-1/miR-206 binding site at its 3'-UTR [18]. Those
myomiR’s binding site locating on the presynaptic spe-
cific gene indicate presynaptic might be one of the desti-
nations of secreted muscle-specific miRNAs. Form this
point, proper innervation is an essential condition for
muscles healthy. As a far ending of neurons, the axon
owns its local mRNA translation to keep its activity.
Interestingly, the 3'-UTR of neuronal mRNAs have
muscle specific miRNAs binding sites. This key point
implied that the muscle-specific miRNAs might work in
a trans-synaptic way, either retrograde transported to
cell body or direct play role locally at presynaptic part.

How myomiRs was secreted from muscles fiber? Exo-
some, might be a possible answer. Exosomes are small
vesicles released by almost all eukaryotic cells; proteins,
mRNA and miRNA can be transferred to recipient cells
and regulate cellular processes. In 2017, Gasperi et al.
reported that skeletal muscle fibers release exosomes.
Furthermore, Denervation resulted in a marked increase
in miR-206 and reduced expression of miR-1, miR-133
in myofiber-derived exosomes [19]. These findings dem-
onstrate that muscle cells release exosomes which can
transfer biologically active miRNAs to recipient cells.
However, whether recipient cells include axonal terminal is
still not known. In fact, many studies show that the myo-
miRs (miR-1, miR-133, and miR-206) in serum are highly
elevated in the serum of patients with Duchenne muscular
dystrophy and in dystrophin-deficient animal models [20],
which means that there must be lots of myomiRs are se-
creted, as a closer site, axon terminal should have a big
chance to encounter the secreted miRNAs.

It has been reported that in the muscles, skeletal
muscle specific miR-206 is secreted from activated
satellite cells and play important regulatory roles in
fibrogenic cell after uptaken by these cells [21]. As
NM]J is the closest site where a neuron is contact
with muscles, it is possible that muscles secreted
miRNAs enter the axon terminals and regulate the
local translation in the NMJ. With the advance of in
situ hybridization technique, simultaneously detect
microRNA and mRNA at NMJ should could provide
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lots of new information about the distribution of
miRNA and mRNAs at NMJ.

Who are possible recipient cells: Besides axon, there is
another candidate-perisynaptic Schwann cells (PSC).

Besides axon terminal and muscle fiber, NMJ also has
a third type cells: perisynaptic Schwann cells (PSC),
which developed from neural crest cells. Therefore, this
is a tripartite neuromuscular junction. Recently, more
and more research find that this PSC have dramatic in-
fluence on NM]J. First, although PSC are not essential to
axonal growth and synapse formation, they help with the
maintenance of NMJs, at least in frog [22]; second, be-
sides a supportive role, the PSC also response to NM]J
neurotransmitter transmission and even actively modu-
late the NM]J transmission [23, 24]; third, PSCs have im-
portant roles in the regeneration of nerve axons after
nerve injury [25].

However, little is known about PSC biology. Whether
PSC could produce and secret BDNF? whether PSC
could uptake exosomes? If secreted mir-206 could enter
PSC, whether the BDNF mRNA translation in PSC is
suppressed. With high-resolution in situ hybridization
methods, the information about mRNAs and miRNAs
expression in axon terminal, muscle fiber and PSC could
be analyzed.

Conclusions

As a classic model system of synapse, the NMJ has been
studied for over a century. Much of our knowledge of
synaptic structure, synapse physiology and synapse for-
mation, maturation is obtained from NM]J. In many
over-simplified synapse model, synapses only have two
components: a presynaptic nerve terminal and a post-
synaptic part, the neurotransmitter containing synaptic
vesicles are stored at presynaptic site and the receptors
are distributed on the postsynaptic density region [26].
However, in the updated NMJ anatomy, the neuro-mus-
cle synapse is a tripartite neuromuscular junction. There
are nerve terminals, glial cells and muscle fibers in this
specific region. Therefore, the secretion and absorption
of extracellular miRNAs is more complex: muscle spe-
cific miRNAs could be secreted and might be uptaken
either by axon terminals or PSC. However, there is little
study accessed this issue and further study is eagerly
needed to provide the information about this tripartite
neuromuscular junction (Fig. 1).
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