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SUMMARY

Cockayne syndrome (CS) is a severe neurodevelop-
mental disorder characterized by growth abnor-
malities, premature aging, and photosensitivity.
Mutation of Cockayne syndrome B (CSB) affects
neuronal gene expression and differentiation, so
we attempted to bypass its function by expressing
downstream target genes. Intriguingly, ectopic
expression of Synaptotagmin 9 (SYT9), a key
component of the machinery controlling neurotro-
phin release, bypasses the need for CSB in neurito-
genesis. Importantly, brain-derived neurotrophic
factor (BDNF), a neurotrophin implicated in neuronal
differentiation and synaptic modulation, and phar-
macological mimics such as 7,8-dihydroxyflavone
and amitriptyline can compensate for CSB defi-
ciency in cell models of neuronal differentiation as
well. SYT9 and BDNF are downregulated in CS pa-
tient brain tissue, further indicating that sub-optimal
neurotrophin signaling underlies neurological de-
fects in CS. In addition to shedding light on cellular
mechanisms underlying CS and pointing to future
avenues for pharmacological intervention, these
data suggest an important role for SYT9 in neuronal
differentiation.

INTRODUCTION

Cockayne syndrome (CS) is a hereditary, multisystem disease,
characterized by neurological and developmental impairment
as well as sun sensitivity and progeroid-like features (Brooks,
2013). Despite the accumulating knowledge on the role of the
main causative gene, Cockayne syndrome B (CSB), in the control
of various biological processes, an understanding of its role in
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CS has been missing. Indeed, a lack of effective mechanism-
based therapeutic approaches means that CS is devastating,
with a large number of symptoms related to nervous system
deficiencies and often resulting in death within the first decade
of life.

CSB is a member of the SWI2/SNF2 family of ATP-dependent
chromatin remodeling factors (Troelstra et al., 1992; Citterio
et al., 1998), and its mutation accounts for the vast majority
(~80%) of CS cases. Certain mutations in the CS genes can
also give rise to the clinically less severe UV-sensitive syndrome
(UVSS) (reviewed in Spivak, 2005). CSB is a multi-functional
factor. Indeed, it has been implicated not only in transcription-
coupled nucleotide excision repair (TC-NER) and base excision
repair but also in mitochondrial function and regulation of tran-
scription (reviewed in Weidenheim et al., 2009; Brooks, 2013;
Scheibye-Knudsen et al., 2013; Vélez-Cruz and Egly, 2013;
Vermeulen and Fousteri, 2013).

Studies of the molecular mechanisms underlying human dis-
ease have often relied on animal models. Intriguingly, while
mice lacking Csb show sun sensitivity, they do not display the
same severe growth retardation, neurologic defects, or high
early mortality that is characteristic of human CS patients (van
der Horst et al., 1997). Thus, the mouse model appears to pro-
vide an excellent model for UVSS, while it is arguably somewhat
less helpful for our understanding of CS. Interestingly, recent
studies in different human cell differentiation systems showed
that a lack of functional CSB represents a barrier to neuronal
cell differentiation (Ciaffardini et al., 2014; Wang et al., 2014).
For example, we reported that direct reprogramming of CS fibro-
blasts to neurons is defective and that little or no differentiation of
neuroblastoma cells to neuron-like cells was observed in the
absence of CSB (Wang et al., 2014). This correlated with gene
expression defects in neuronal gene networks (which were not
observed in the mouse), suggesting that transcription defects,
rather than DNA repair- or mitochondrial defects, underlie the
severe neurologic symptoms of CS (Wang et al., 2014). However,
the mechanism and important downstream implementing fac-
tors remained unknown. Crucially, without knowledge of these
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