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Introduction: Spinal muscular atrophy (SMA) is a severe neuromuscular disease, affecting infants and children, caused by 
deletion or mutations in the survival motor neuron gene (SMN), which results in a progressive degeneration of motor neurons 
(MN). Although an effective treatment for SMA patients has been recently developed, the molecular pathway involved in 
selective MNs degeneration have not been elucidated. On the other hand, microRNAs (miRNA) are evolutionary conserved 
short non-coding RNA that post-transcriptionally regulate the expression of many genes, in a variety of processes. In particular, 
several evidences showed a close relationship between miRNA alteration and SMA. Interestingly, miRNA-206has been 
demonstrated to play an essential role in the formation and the regeneration of the neuromuscular junction in several MNs 
diseases, and particularly is up-regulated in the quadriceps, tibialis anterior, spinal cord and serum of SMA mice. Among the 
putative target of miRNA-206involved in SMA progression, the plasmamembrane protein sodium calcium exchanger isoform 
2, NCX2, seems to be potentially important. Indeed, NCX can operate in a bidirectional way, coupling the efflux of Ca2+ to the 
influx of Na+ ions and viceversa, and it plays a relevant role in several pathophysiological conditions. Notably, Ca2+homeostasis 
deregulation seems to be a key factor in triggering SMA toxicity of MNs and motor nerve terminals.

Methods: MiR-206and mRNA levels were measured by RT-PCR in the brain stem of SMA mice at different ages. Protein levels 
were measured by WB and immunofluorescence analysis in the brain stem and in the facial nuclei of WT and SMA mice, 
respectively. MiR-206was intracerebroventricularly (icv) injected 3, 6and 10 days after birth. Behavioral performance of WT and 
SMA mice treated with miR-206were evaluated daily with several tests: Righting, Negative Geotaxis, Hind Limb and Tailing test 
starting from the first administration. The identification of a new target gene of miR-206was performed by luciferase assay and 
site-directed mutagenesis in PC12cells and in primary neurons.   

Results: In the present paper, taking advantage of a mouse model of intermediate SMA, we demonstrated for the first time: (1) 
MNs degeneration occurs in the facial nuclei of SMAII mice in an early phase of the disease and (2) a parallel up-regulation 
of miRNA-206levels take place in the brain stem; (3) miRNA-206icv administration ameliorates behavioral performance and 
improves SMAII mice survival; (4) miRNA-206might exert its protective effect in SMAII also by modulating the expression of 
the new target gene NCX2in neurons of the facial nuclei. 

Conclusions: Overall, the results of the present work support the hypothesis that miR-206could represent an effective strategy 
in SMA and could act in a synergistic way with the current therapy. Indeed, the concomitant targeting of different pathological 
mechanisms, could be more effective than individual treatment in this multifactorial non-autonomous disease.


