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            Abstract
Motor axons receive retrograde signals from skeletal muscle that are essential for the differentiation and stabilization of motor nerve terminals1. Identification of these retrograde signals has proved elusive, but their production by muscle depends on the receptor tyrosine kinase, MuSK (muscle, skeletal receptor tyrosine-protein kinase), and Lrp4 (low-density lipoprotein receptor (LDLR)-related protein 4), an LDLR family member that forms a complex with MuSK, binds neural agrin and stimulates MuSK kinase activity2,3,4,5. Here we show that Lrp4 also functions as a direct muscle-derived retrograde signal for early steps in presynaptic differentiation. We demonstrate that Lrp4 is necessary, independent of MuSK activation, for presynaptic differentiation in vivo, and we show that Lrp4 binds to motor axons and induces clustering of synaptic-vesicle and active-zone proteins. Thus, Lrp4 acts bidirectionally and coordinates synapse formation by binding agrin, activating MuSK and stimulating postsynaptic differentiation, and functioning in turn as a muscle-derived retrograde signal that is necessary and sufficient for presynaptic differentiation.
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                    Figure 1: 
                        Lrp4-expressing non-muscle cells induce clustering of synapsin in motor axons.
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Figure 2: 
                        Lrp4, attached to polystyrene beads, induces presynaptic differentiation in motor neurons.
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Figure 3: 
                        Lrp4 binds to motor axons.
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Figure 4: 
                        Lrp4 is essential for presynaptic differentiation independent of MuSK activation.
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        Editorial Summary
Neuromuscular junctions send wrong signals
Developing neuromuscular junctions are most frequently studied from the postsynaptic side â€” through molecules that orchestrate muscle maturation. Now Steve Burden and colleagues show that one of these factors â€” the low-density lipoprotein receptor-related protein 4 (Lrp4) â€” also functions in the other direction, as a retrograde signal from the muscle that induces the differentiation of the presynaptic, neuronal compartment. Defects in this signalling pathway may underlie neurodegenerative disorders such as amyotrophic lateral sclerosis and ageing-related sarcopenia, which often start with fragmentation or withdrawal of motor-nerve terminals from muscles.
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