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Brain-derived neurotrophic factor (BDNF) is a key mediator of the activity-dependent processes in the
brain that have a major impact on neuronal development and plasticity. Impaired control of neuronal
activity-induced BDNF expression mediates the pathogenesis of various neurological and psychiatric
disorders. Different environmental stimuli, such as the use of pharmacological compounds, physical and
learning exercises or stress exposure, lead to activation of speci c neuronal networks. These processes
entail tight temporal and spatial transcriptional control of numerous BDNF splice variants through
epigenetic mechanisms. The present review highlights recent ndings on the dynamic and long-term
epigenetic programming of BDNF gene expression by the DNA methylation, histone-modifying and
microRNA machineries. The review also summarizes the current knowledge on the activity-dependent
BDNF mRNA traf cking critical for rapid local regulation of BDNF levels and synaptic plasticity. Current data open novel directions for discovery of new promising therapeutic targets for treatment of
neuropsychiatric disorders.
This article is part of the Special Issue entitled ‘BDNF Regulation of Synaptic Structure, Function,
and Plasticity’.
· 2013 Elsevier Ltd. Open access under CC BY-NC-ND license.
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1. Introduction
Brain-derived neurotrophic factor (BDNF) is a central player in
neuronal plasticity and the development of different neurological
and psychiatric disorders. Impaired regulation of BDNF expression
has been implicated in mood and anxiety disorders, early-life
adverse experience and aging, cognitive and neurodegenerative
diseases (Autry and Monteggia, 2012; Boulle et al., 2012; Erickson
et al., 2012; Frielingsdorf et al., 2012; Mahan and Ressler, 2012;
Roth and Sweatt, 2010). BDNF is involved in neurogenesis, neuronal
survival and differentiation and long-term potentiation (Hall et al.,
2000; Jones et al., 1994; Schwartz et al., 1997). Studies in BDNF-null
mice or mice with the Val66Met polymorphism have demonstrated
that BDNF is a key regulator of plasticity, dendritic arborization,
learning and memory and synaptic morphogenesis (Abidin et al.,
2008, 2006; Soliman et al., 2010).
Rodent and human BDNF genes have multiple untranslated 50 exons; every single 50 -exon is normally spliced to one coding exon
with two different 30 -UTRs (untranslated region), resulting in
dozens of possible BDNF transcripts variants, each of which encodes an identical BDNF protein (Aid et al., 2007; Liu et al., 2005;
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Pruunsild et al., 2007). On rare occasions human BDNF transcripts
might consist of multiple (up to 3) 50 -exons and one coding exon
(Pruunsild et al., 2007), however the molecular mechanisms of
these exceptional alternative splicing events are not studied.
Importantly, all 50 -exons and both 30 -UTRs are under the control of
their own regulatory elements, providing the cells with an exceptional molecular device that can be controlled in an activitydependent, stimulus-speci c temporal and spatial manner (Aid
et al., 2007; An et al., 2008; Chiaruttini et al., 2008; Hong et al.,
2008; Pruunsild et al., 2007, 2011).
The responsiveness of BDNF to multiple cellular signaling
pathways underlines its physiological function in the activityregulated neuronal network. Moreover, several environmental
stimuli, as will be discussed in this review, lead to long-term
epigenetic control of BDNF expression. The variations in BDNF
levels between cells/individuals/disease states may result not only
from genetic polymorphism but also from altered epigenetic programming. Indeed, the genome is not a one-dimensional linear
DNA sequence that de nes a genotype. A DNA helix is folded into
several layers of highly organized chromatin structure to form a
chromosome. Knowing the sequence of a protein-coding region of a
gene is insuf cient for understanding its functioning because
chromatin structure dramatically affects gene expression. The
actual genome (or epigenome) is an active cooperation of 1) genotype, 2) chromatin modi cations (DNA methylation and histone

