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ABSTRACT

The adult mammalian central nervous system (CNS) has a very limited regenerative capacity.
Axonal regrowth following injury is an extremely costly process that requires an effective
allocation of energy. Injury has been reported to depolarize local mitochondria in axons, and
mitochondria are predominantly stationary in the adult mammalian CNS. While their
remobilization is a viable strategy to sustain axonal regeneration, how axons can withstand the
initial disruption in energy production caused by the injury, and subsequently initiate regrowth, is
poorly understood. We uncovered that retinal ganglion cells co-deleted for Pten and Socs3
promptly undergo a switch in the expression of metabolism-related genes towards glycolysis
after optic nerve crush injury. Using in vitro microfluidic cultures, we confirmed that injury -
induced axonal regeneration is associated with mitochondrial transport within the axons and that
this is enhanced after injury upon deletion of Pten and Socs3. Interestingly, we found that co-
deleted neurons upregulate glycolysis locally in the distal axonal compartment immediately after
axotomy. RNAseq data of sorted RGCs from the spontaneously-regenerating adult zebrafish,
show a comparable upregulation of glycolytic genes after optic nerve crush injury. Together,
these observations reveal that glycolysis, combined with sustained mitochondrial transport, is a
core evolutionarily-conserved mechanism essential for injury-induced axonal regrowth. The
manipulation of glycolysis could provide new therapeutic avenues to unlock the regeneration
potential of the mammalian CNS.
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