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Abstract
Axon regeneration in the central nervous system (CNS) is limited in part by the
failure of injured neurons to initiate intrinsic cellular programs that support axon
growth. One promising strategy to improve axon growth is to force the expression
of pro-regenerative transcription factors (TFs) in injured neurons. For example, viral
delivery of TFs including Sox11, KLF7, or KLF6 to corticospinal tract neurons can
enhance regenerative growth after spinal injury. However, even with TF treatments
the overall number and regenerative speed of axons remains insufficient for full
functional recovery. TFs rarely function in isolation, and thus a core challenge is to
identify combinations of interacting TFs that can restore regenerative potential more
completely. To do so we have focused on the concept of TF co-occupancy, in which
synergy between TFs results from the binding of multiple TFs to common promoters
and/or enhancers. Importantly, co-occupancy produces functional synergy in the
absence of direct physical interaction between TFs and is missed in analyses that
depend on protein-protein interactions. An emerging technique called ATAC-seq
footprinting now enables unprecedented information about patterns of TF binding
across the genome. We examined the developing cortex across ages that span the
loss of regenerative ability, using ATAC-seq footprinting to identify clusters of TFs
that co-occupy regulatory DNA in networks of genes with pro-growth functions. To
functionally test the candidate TF clusters, we systematically co-expressed TFs in
assays of neurite outgrowth in post-natal CNS neurons, and found multiple instances
of functional synergy. Network modeling of the top hits from this combinatorial screen
indicated a central core of factors with maximal interactions: KLF6, STAT3, EOMES,
RARB, NR5A2, and NKX3.2. Remarkably, an independent bioinformatic pipeline built on
RNA-seq analysis of KLF6 target genes also converged on this same set of core factors,
raising confidence in their relevance. In ongoing experiments, we are using Retro-AAV
vectors to deliver selected sets of factors to corticospinal neurons in mouse models of
spinal injury in order to test for synergistic gains in axon growth. Overall we expect this
research to identify novel transcriptional networks that can be manipulated to increase
axon regeneration following CNS injury.
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