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Scope and outline of this thesis

Accidents or tumor formation in the spinal cord can lead to damage of the nerve fiber 
tracts that run through the spinal cord. These types of spinal cord injury (SCI), often 
result in loss of motor and sensory function below the site of the injury. Depending on 
the level and severity of the injury, it can lead to paralysis of the arms and legs, bowel 
and bladder dysfunction, breathing problems, sexual dysfunction and neuropathic pain. 
Unfortunately, adequate treatments aimed at the regrowth of damaged nerve fibers and 
the subsequent restoration of motor and sensory functions are not available. Whereas 
injury to neurons in the central nervous system (CNS) is mostly irreversible, injured 
neurons in the peripheral nervous system (PNS) have the ability to regenerate their ax-
ons over long distances and to restore functional connections. This difference in regen-
erative potential can be attributed to the environment of the neurons and to the intrin-
sic capacity of a neuron to regrow its axon. To successfully regenerate axons over long 
distances, coordinated changes in gene expression, protein synthesis, post-translational 
modification and protein localization are required.
 Gene expression is controlled by transcription factors (TF), which can physical-
ly bind cis-regulatory DNA elements in gene promoters or enhancer regions and activate 
or repress transcription. The complex of interactions between TFs and their target genes 
is referred to as a transcriptional regulatory network. Knowledge of the transcriptional 
regulatory network or modules therein, provides a systematic insight into the principles 
that govern gene expression. In order to understand transcriptional regulatory net-
works, or the smaller building blocks of regulatory modules, it is of critical importance 
to identify the key molecular components and their mutual interrelationships. In Chap-
ter 1, I will discuss the strategies that are used to unravel transcriptional networks, and 
how these approaches can be applied to study the transcriptional control of axon regen-
eration. First, I will describe the general principles of the regulation of gene expression. 
Subsequently, I will discuss the emerging molecular and computational methods that 
are instrumental to define the interactions between TFs and their target genes. Finally, 
I will discuss what we know about neuronal regeneration as a starting point to decipher 
the transcriptional regulatory networks that govern successful neuronal regeneration.
 In my thesis project I focus on the intrinsic ability of neurons to regenerate their 
axons. Specifically, I use the different approaches, discussed in this chapter, to start to 
unravel the transcriptional regulatory network that underlies successful axon regen-
eration. I have undertaken a systematic approach in which I combined gene expression 
analysis, high-throughput functional screening, computational analysis and TF-target 
gene interaction analysis to get a complete view on which TFs regulate regenerative neu-
rite outgrowth and how these TFs interact in transcriptional regulatory modules. Chap-
ter 2 describes how we used gene expression data to select a set of differentially regulated 
TFs that was then functionally tested using high-throughput cellular screening meth-

9



ods. This chapter also describes experiments on one of the newly identified outgrowth-
modulating TFs, namely NFIL3 (nuclear factor, interleukin 3 regulated). Paradoxically, 
we find a significant upregulation of NFIL3 in injured neurons during successful regen-
eration, while it repressed neurite outgrowth. This chapter describes experiments that 
show that NFIL3 acts as a feed-forward repressor of the CREB-induced transcriptional 
response. This is the first example of a transcriptional module that regulates neuronal 
regeneration. In Chapter 3 we describe the design and in vivo application of a dominant-
negative form of NFIL3 in an attempt to enhance neuronal regeneration. Specifically, we 
use an adeno-associated viral vector to transduce adult rat dorsal root ganglion (DRG) 
neurons with dominant-negative NFIL3 and evaluate the effect on sciatic nerve regen-
eration after nerve crush. In Chapter 4 we applied ChIP-chip technology to identify 
direct NFIL3 and CREB target genes to study the NFIL3/CREB transcriptional feed-
forward loop in more detail. We identified approximately 500 NFIL3 targets genes, a 
subset of which is regulated by cAMP and CREB. Chapter 5 describes the development 
of a new computational method, LLM3D (log-linear modeling of 3D contingency tables) 
that identifies overrepresented transcription factor binding sites (TFBSs) in functional 
groups of genes. We applied this method to genome-wide, temporal gene expression data 
on rat DRGs after either sciatic nerve or dorsal root crush, confirming and expanding 
our previous gene expression study. LLM3D predicted the involvement of the TF PPARγ 
(peroxisome proliferator activator receptor γ), which we experimentally confirm in in 
vitro models of neurite outgrowth. Finally, Chapter 6 gives an overview of the literature 
on regeneration-associated genes and discusses how new developments and the results 
in this thesis will aid to unravel the regeneration-associated transcriptional network.
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