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ABSTRACT

Molecular communication between the motoneuron and the muscle is vital for neuromuscular junc-
tion (NM]) formation and maintenance. Disruption in the structure and function of NMJs is a hallmark
of various neurodegenerative processes during both development and pathological events. Still due to
the complexity of this process, it is very difficult to elucidate the cellular mechanisms underlying it,
generating a keen interest for developing better tools for investigating it. Here we describe a simplified
method to study mechanisms of NM]Js formation, maintenance and disruption. A spinal cord explant from
mice expressing the Hb9::GFP motoneuron marker is plated on one side of a compartmental chamber,
and myotubes derived from muscle satellite progenitor cells are plated on the other. The GFP labeled
motoneurons extend their axons via microgrooves in the chamber to innervate the muscle cells and
to form functional in-vitro NM]Js. Next we provide procedures to measure axon growth and to reliably
quantify NM] activity using imaging of both muscle contractions and fast intracellular calcium changes.
This platform allows precise control, monitoring and manipulation of subcellular microenvironments.
Specifically, it enables to distinguish local from retrograde signaling mechanisms and allows restricted

experimental intervention in local compartments along the muscle-neuron route.

© 2015 Elsevier GmbH. All rights reserved.

Introduction

Motoneurons (MN) extend axons over long distances and
through varying extracellular microenvironments to form synapses
with muscles. The formation and maintenance of these neuro-
muscular junctions (NMJs) depends on both internal and external
signals that need to integrate with specificity and fidelity over space
and time (Wu et al,, 2010; Shi et al., 2012). This MN-muscle com-
munication is vital for NM]J formation and maintenance, as well as
for MN survival and proper function. Alterations in such intercellu-
lar communication can lead to synapse disruption as well as axon
degeneration, and is a critical step in neurodegenerative diseases.
This bidirectional communication process is conducted by both
adherent and secreted factors, and mediated via ligand-receptor
mechanisms. Still the nature of the signals and the specific molec-
ular mechanisms regulating NM]Js structure/function are yet to be
fully understood. In particular, little is known of the mechanism of
retrograde and anterograde signaling between the neuron and the
muscle. Much of the difficulties in deciphering these mechanisms
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are due to the technical challenges of studying these complex intra-
and intercellular communications at the subcellular level.

In-vitro compartmental systems that separate neuronal cell
bodies from their axons and synapses are becoming a progressively
useful tool for researchers. This platform enables the precise con-
trol, monitoring and manipulation of cellular microenvironments.
Unlike traditional compartmentalized Campenot chambers which
were used in studying NM] remodeling (Campenot, 1977), silicon
based microfluidic cell-cultures (El-Ali et al., 2006; Park et al., 2006;
Taylor et al., 2003, 2005) are used to direct and image axon growth
inthe CNS, as well as motor neurons, with better resolution (Restani
etal., 2012; Eleftheriadou et al., 2014), providing a highly adaptable
system to model many aspects of neurodegeneration. Until now,
however, this platform has not been useful for studying mecha-
nisms of NMJ formation and maintenance. Recent attempts to build
such a system turned out to be very complex, lacked the proof of
functional NMJs, and did not demonstrate any specific utility for
this type of platform (Southam et al., 2013; Park et al., 2013). Here
we describe a simplified and efficient procedure to establish NM]Js
in a microfluidic compartmentalized culture system with MN cell
bodies on one side and primary muscle cells on the other. This sys-
tem is optimized for NM]J cell biology, and allows visualizing and
manipulating NMJs at the pre- and postsynaptic cell compartments
independently.
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Application

The protocol detailed here can be employed to investigate
cellular and molecular mechanisms involved in the biology of
motoneuron and muscle communication including, but not exclu-
sively, axon growth and guidance, synapse formation and neuronal
stimulation of muscle contractile activity. The compartmentaliza-
tion of muscles and neurons in our system simplifies localized
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application of treatments, such as genetic manipulation using
viral vectors or pharmacological treatments, growth factor or
other media constituent in the different compartments. As many
motoneuron and muscle degenerative diseases remain untreatable
and poorly understood at their underlying molecular basis, new
in-vitro models of the neuromuscular system can be useful in dis-
secting the molecular factors contributing to the pathology and
to test potential treatments in a simplified experimental design.

Fig. 1. Scheme of microfluidic neuromuscular co-culture. A co-culture of Hb9::GFP labeled motoneurons (as embryonic dissociated cells or spinal cord tissue explant) and
adult derived myocytes is grown in compartmentalized microfluidic system enabling innervation by axons crossing from the neuronal to the muscle compartment. Following
innervation, formation and function of in-vitro NM]J can be characterized and measured by labeling and live imaging of muscle contractions and calcium transients.
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