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Abstract
Brain-derived neurotrophic factor (BDNF) is a critical activity-dependent modulator of gene
expression, which can regulate both transcription and translation. Several functions of BDNF,
including the induction of dendrite outgrowth and long-term synaptic plasticity, are known to
depend, in particular, upon the ability of BDNF to regulate protein synthesis. Although BDNF
modestly increases total neuronal protein synthesis, substantial evidence indicates that BDNF
induces the translation of only a small subset of expressed mRNAs and demonstrates an
extraordinary degree of transcript specificity. The mechanism by which BDNF selectively
upregulates the translation of only a discrete group of mRNAs is of intrinsic importance to its
trophic function in promoting neuronal growth and plasticity, and is the focus of this review.

1. Requirement for BDNF-regulated protein synthesis in synaptic plasticity,
learning and memory

The neurotrophin BDNF is widely expressed in both the developing and mature mammalian
brain where it serves as a crucial regulator of neuronal survival, growth, and activity-
dependent synaptic plasticity. Many of the well-known pro-growth functions of BDNF rely
upon its ability to enhance the production of ensembles of proteins that support neuronal
growth and excitatory synaptic function. This review focuses on the physiological function
of BDNF-regulated protein synthesis and how BDNF achieves the gene target specificity for
pro-growth mRNAs that are required for enhanced synaptic function and plasticity. Multiple
lines of evidence indicate that novel protein synthesis is required for long-lasting forms of
synaptic plasticity associated with learning and memory. The importance of BDNF in
supporting synaptic plasticity and memory formation stems, at least in part, from its capacity
to regulate protein synthesis. BDNF has been shown to increase total cellular translation by
signaling through its tropomyosin-related kinase B (TrkB) receptor leading to the activation
of the PLCγ P13K, and the MAPK pathways. Multiple forms of BDNF-mediated plasticity
depend upon the regulation of protein synthesis by BDNF. The enhancement of dendritic
arborization in response to BDNF has been shown to require the regulation of translation
(Jaworski et al., 2005). Likewise, BDNF-dependent structural plasticity of dendritic spines,
specifically spine head enlargement, was also shown to depend upon protein synthesis in rat
brain slices (Tanaka et al., 2008). Additional protein-synthesis dependent effects of BDNF
include enhanced abundance of GluA1 association with the postsynaptic plasma membrane
(Caldeira et al., 2007). BDNF also upregulates both the abundance and plasma membrane-
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association of NMDA receptor subunits NR1, NR2A, and NR2B in a protein synthesis-
dependent manner, and this was shown to correlate with an increase in NMDA receptor
activity (Caldeira et al., 2007). Multiple reports support a critical role for BDNF-regulated
protein synthesis in in-vitro assays of long-term use-dependent synaptic plasticity. BDNF
can enhance the induction of early phase LTP (E-LTP) and late-phase LTP (L-LTP) in
hippocampal slices, and BDNF-mediated stimulation of de novo protein synthesis has been
reported to be essential for the maintenance of L-LTP (Korte et al., 1995; Kang & Schuman,
1996; Patterson et al., 1996; Messaoudi et al., 2007; Tanaka et al., 2008). These findings are
consistent with in-vivo studies showing that secretion of BDNF is crucial for the persistence
of long-term memory storage in the hippocampus (Bekinschtein et al., 2007).

2. Effects of BDNF on global protein synthesis
BDNF has been shown to enhance total neuronal protein synthesis, as assessed by metabolic
labeling studies, through activation of P13K-mTOR and MAPK cascades in both primary
cortical neurons (Takei et al., 2001), as well as in isolated synaptic preparations (Takei et al.,
2004). The association of eukaryotic initiation factor 4E (eIF4E) with the mRNA 5′ cap is
the rate-limiting step for the induction of cap-dependent translation initiation. This
association can be increased by phosphorylation of eIF4E as well as by phosphorylation of
the eIF4E binding protein (eIF4E-BP), which releases eIF4E to participate in the mRNA
translation complex; BDNF has been shown to promote translation initiation by enhancing
both of these processes. Infusion of BDNF into the hippocampal dentate gyrus was shown to
increase cap-dependent initiation through induction of MAPK-mediated eIF4E
phosphorylation(Kanhema et al., 2006). Enhanced eIF4E phosphorylation as well as mTOR-
mediated phosphorylation of eIF4E-BP were shown to mediate increased translation
initiation by BDNF in cortical neurons (Takei et al., 2001). BDNF may also modulate
translation at the step of elongation. BDNF was found to elicit a rapid and transient increase
in eEF2 phosphorylation leading to arrest of elongation in the dentate gyrus but not in
synaptoneurosomes, suggesting that regulation of elongation by BDNF could be restricted to
non-synaptic sites (Kanhema et al., 2006). Phosphorylation of eEF2 and enhanced
elongation via the mTOR cascade by BDNF has also been observed in cultured cortical
neurons (Inamura et al., 2005). Contrasting evidence for BDNF-induced regulation of eEF2
phosphorylation suggests that the control of elongation by BDNF could be compartment-
specific.

The capacity of BDNF to produce locally enhanced translation initiation through effects in
neuronal processes and at synapses has been demonstrated by multiple approaches. BDNF
increases phosphorylation of 4EBP1 via the mTOR pathway in neuronal dendrites (Takei et
al., 2004; Kanhema et al., 2006). BDNF also enhances the phosphorylation of p70S6K in
isolated synapses, which may promote the translation of 5′ terminal oligopyrimidine tract
(TOP)-containing transcripts, which include mRNAs for ribosomal proteins and elongation
factors (Takei et al., 2004). Additionally BDNF can stimulate translation initiation by
causing the disassociation of eIF4E from the repressing CYFIP1-mRNA binding protein in
isolated synapses (synaptoneurosomes)(Napoli et al., 2008). In non-neuronal systems, the
subcellular redistribution of translation initiation and elongation factors, often in a
cytoskeleton-dependent manner, has been revealed as a mechanism for the regulation of
protein synthesis. Similarly, BDNF has been found to enhance the translocation of eIF4E
into dendritic spines and to increase the association of eIF4E with synaptic mRNA granules
through a mechanism blocked by actin disruption(Smart et al., 2003).
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3. BDNF regulates the translation of a subset of neuronal mRNAs
While the capacity of BDNF to modestly enhance global cellular translation has been readily
appreciated, accumulated evidence has also revealed that only select proteins are increased
in response to BDNF. The current consensus is that the BDNF-mediated increase in total
translation, which can be measured by approaches such as metabolic label incorporation,
derives from the enhanced translation of a minority of available transcripts. Multiple
investigations examining small numbers of transcripts suggested that BDNF could induce
the translation of plasticity-related proteins (such as CaMKIIα, Staufen, Arc, Homer2, NR1,
GluA1) while leaving the levels of other proteins unaffected (Aakalu et al., 2001; Yin et al.,
2002; Ying et al., 2002; Kelleher et al., 2004; Takei et al., 2004; Kanhema et al., 2006;
Jourdi et al., 2009). High-throughput approaches examining gene target selectivity on a
more global scale have helped to elucidate the truly impressive extent of gene target
specificity in BDNF-regulated protein synthesis. 2D electrophoresis of radiolabeled proteins
from isolated synapses demonstrated that only specific proteins were enhanced by BDNF,
while most proteins show no change, and a subset of proteins were decreased in response to
BDNF (Yin et al., 2002). In 2004, Schratt and colleagues provided compelling evidence for
the transcript selectivity of BDNF-induced protein synthesis using polysome profiling. In
this study conducted in cortical neurons, BDNF was shown to induce a transcription-
independent recruitment of a specific subset of mRNAs, less than 4 % of the total expressed
transcripts, to polysomes (Schratt et al., 2004). This selective regulation was sensitive to
inhibition of mTOR. Intriguingly, BDNF not only upregulates translation of a discrete group
of mRNAs, but in some cases BDNF mediates the transcription-independent downregulation
of specific transcripts and their corresponding proteins, such as the potassium co-transporter
KCC2 and potassium channel Kv1.1 (Rivera et al., 2002; Raab-Graham et al., 2006). Using
multidimensional protein identification technology (MudPIT) to analyze several thousand
proteins, the selective downregulation of significant numbers of proteins by BDNF, in
addition to upregulated proteins, was also observed in isolated cortical synapses
(synaptoneurosomes) (Liao et al., 2007). Components of the translational machinery,
including translation factors, ribonucleoproteins, ribosomal proteins, as well as proteins
known to regulate synaptic function and dendritic spine morphology were among the protein
classes upregulated by 30 minutes of BDNF treatment (Liao et al., 2007).

These investigations illustrate not only the effects of BDNF in promoting the synthesis of
many proteins that support neuronal growth and synaptic plasticity, but also collectively
underscore the high degree of selectivity in the regulation of target transcripts by BDNF. In
the context of BDNF’s known roles in the brain, it is perhaps not surprising that this growth
factor would need to selectively regulate only certain proteins in order to achieve a net pro-
growth or pro-plasticity function. Nonetheless, this striking specificity for both up- and
down-regulated gene targets is a feature of BDNF control of protein synthesis that has
sometimes been overlooked in favor of the simplified understanding that BDNF enhances
total cellular protein synthesis.

4. Post-transcriptional regulatory mechanisms underlying translational
specificity of BDNF
4.1 RNA-binding proteins and microRNAs

How does BDNF selectively regulate the translation of only a discrete group of mRNAs? In
addition to acting on initiation factors of protein synthesis machinery, BDNF also modulates
several more selective post-transcriptional regulators of gene expression. Multiple modes of
exerting transcript selectivity in the post-transcriptional regulation of gene expression have
been described, including cis-regulatory elements such as internal ribosome entry sites
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(IRES) and cytoplasmic polyadenylation elements (CPEs), and trans-regulatory factors such
as RNA-binding proteins, and microRNAs (miRNAs). RNA-binding proteins have been
shown to modulate the synthesis of several plasticity-related proteins that are also targets of
BDNF. The Cytoplasmic Polyadenylation Element Binding protein (CPEB) (Huang et al.,
2002; Huang et al., 2003) and the Fragile-X Mental Retardation Protein (FMRP)
(Vanderklish & Edelman, 2005; Zalfa et al., 2006) function in both localizing and regulating
translation of mRNAs. Cytoplasmic polyadenylation, and likewise translation, can be
regulated in mRNAs containing sequence-specific binding sites for CPEB (CPE sites).
CPEB is phosphorylated in an activity-dependent manner which enhances translation
initiation by promoting the recruitment of poly(A) polymerase and causing the dissociation
of eIF4E from an inhibitory protein, Maskin. BDNF may promote the activity-dependent
polyadenylation of some CPE-containing neuronal RNAs (Wu et al., 1998), and possibly
other RNAs regulated by CPEB in an apparently CPE sequence-independent manner(Du &
Richter, 2005). The translation of mRNAs interacting with the RNA-binding protein Fragile
X mental retardation protein (FMRP) (Brown et al., 2001; Miyashiro et al., 2003) may also
undergo BDNF-dependent regulation. BDNF has been shown to downregulate FMR1
mRNA expression in cultured hippocampal neurons as well as to decrease FMRP protein
levels in the hippocampus of transgenic mice overexpressing TrkB receptors in vivo
(Castren et al., 2002). In addition, BDNF treatment has been reported to post-translationally
regulate FMRP by activating calcineurin-mediated FMRP dephosphorylation in
hippocampal neurons(Wang et al., 2012). Dephosphorylation of FMRP has been suggested
to promote mRNA translation (Ceman et al., 2003; Narayanan et al., 2007). By decreasing
FMRP levels and promoting dephosphorylation of FMRP, BDNF may regulate the
translation of a subset of plasticity-related genes. BDNF treatment has been shown to elicit
an increase in protein synthesis from several mRNAs, CaMKIIα, Arc, Map1B, and APP,
that are known to be targets of FMRP(Napoli et al., 2008). FMRP can modulate translation
of mRNAs through interaction with the cytoplasmic FMRP interacting protein 1 (CYFIP1),
which binds to eIF4E and forms a complex with FMRP-target mRNAs(Napoli et al., 2008).
BDNF stimulation in cultured primary hippocampal neurons and cortical
synaptoneurosomes was shown to decrease co-immunoprecipitation of CYFIP1 and eIF4E
leading to activation of target mRNA translation(Napoli et al., 2008).

Recent evidence indicates that miRNAs may play an important role in the capacity of BDNF
to selectively regulate specific mRNA targets. miRNAs are small 22–24 nucleotide non-
coding endogenous RNAs that regulate post-transcriptional translational by binding to
partially complementary sites in target mRNAs. Perfect complementarity of a miRNA seed
sequence (miRNA nucleotides 2–8) for the mRNA has been shown to be a strong predictor
of miRNA binding and functional regulation of a given mRNA target (Grimson et al., 2007;
Nielsen et al., 2007; Bartel, 2009). Binding of an mRNA by a miRNA can lead to
translational repression of the mRNA which may be accompanied by degradation of the
target mRNA.

Hundreds of miRNAs are expressed in the mammalian brain and there is strong evidence
that brain-specific miRNAs are crucial for neural development and synaptic
plasticity(Schratt et al., 2006; Bonev et al., 2011). An initial report implicating miRNAs in
the regulation of protein synthesis by BDNF involved the brain-specific miRNA, miR-134.
miR-134 was found to negatively regulate dendritic spine size by inhibiting the translation
of an mRNA encoding Limk1(Schratt et al., 2006). Limk1 mRNA undergoes enhanced
translation in response to BDNF (Schratt et al., 2004), and loss of Limk1 protein produces
deficits in spatial learning and hippocampal LTP(Meng et al., 2002). BDNF was shown to
relieve translational suppression of Limk1 by miR-134 and to permit increased protein
synthesis of synaptic Limk1 and spine growth(Schratt et al., 2006); the mechanism by which
BDNF relieved miR-134 dependent suppression was not elucidated. This study highlighted
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the concept that BDNF could regulate gene expression through altering the function of a
specific miRNA to relieve suppression.

While this review focuses on BDNF-mediated post-transcriptional regulation of specificity
in protein synthesis, it should be briefly noted that BDNF has also been reported to regulate
the transcription of miRNA precursors. A BDNF-mediated increase in pre-miR-132 levels in
cultured cortical neurons, for example, was shown to peak 2 – 4 hours after BDNF exposure
and could be inhibited by expression of a dominant negative mutant (A-CREB) based on the
transcription factor CREB (cAMP response element binding protein), as well as by
inhibition of the MAPK pathway(Vo et al., 2005; Wayman et al., 2008; Kawashima et al.,
2010). miR-132 has been shown to be necessary and sufficient to promote neurite outgrowth
in primary cortical neurons (Vo et al., 2005), as well as regulating dendrite morphogenesis
in organotypic hippocampal slices(Wayman et al., 2008). mRNA encoding p250GAP, a
member of the Rac/Rho family of GAPs, was identified as one putative target of miR-132 in
the regulation of structural plasticity (Wayman et al., 2008).

Additional evidence for reversal of miRNA-mediated silencing in neurons came from
Ashraf and colleagues’ demonstration that loss of an RNA-induced silencing complex
(RISC) component, Armitage, released translational repression of a synaptic mRNA,
CaMKII, in drosophila (Ashraf et al., 2006). MOV10, the mammalian homolog of Armitage,
was subsequently shown to undergo activity-dependent proteasomal degradation that leads
to relief in translational silencing of several mRNAs (Banerjee et al., 2009). While MOV10
degradation was never explicitly linked to BDNF, these studies drew attention to the concept
that reversal of miRNA-mediated silencing could present a mechanism for the regulation of
synaptic protein synthesis important for neuronal plasticity and memory formation. MOV10
degradation was found to require NMDA receptor activation, and many studies have
positively linked BDNF to NMDA signaling. BDNF increases mRNA and protein levels of
NMDA receptor subunits NR1, NR2A, and NR2B(Caldeira et al., 2007), enhances the
phosphorylation of NR1 and NR2B in hippocampal and cortical neurons(Lin et al., 1998)
and contributes to increased glutamatergic transmission through NMDAR channels(Levine
et al., 1998; Levine & Kolb, 2000; Alder et al., 2005). In contrast to modulation of miR-134,
the regulation of Armitage or MOV10 might be expected to produce more ‘global’, rather
than miRNA-specific, changes in relief of mi-RNA-mediated repression. While the effects
of loss of MOV10 were not assayed in a high-throughput manner, a candidate-based screen
did reveal multiple candidate mRNAs, including CaMKIIα and Lypla1, that underwent
enhanced translation upon loss of MOV10(Banerjee et al., 2009).

4.2 Regulation of miRNA biogenesis
Since the discovery of miRNAs twenty years ago(Lee et al., 1993), nuclear and cytoplasmic
steps have been elucidated which are necessary for the processing of miRNA precursors to
mature functional miRNAs. Regulatory mechanisms that impact and control the biogenesis
of miRNAs at these steps continue to be revealed. Given that miRNAs are predicted to
regulate more than 60% of mRNAs, the control of cellular miRNA composition holds
significant potential for post-transcriptional gene regulation. Recent work from our
laboratory revealed that mRNA transcript selectivity in protein synthesis mediated by BDNF
can be achieved through control of miRNA biogenesis (Huang et al., 2012). BDNF rapidly
enhanced the protein levels of the RNAse III family endoribonuclease, Dicer, which
processes pre-miRNA to mature miRNA duplexes. The rapid elevation of Dicer protein
levels by BDNF were shown to occur independently of new transcription. BDNF-mediated
enhancement of miRNA processing by Dicer led to a post-transcriptional increase in the
levels of many miRNAs. However, BDNF was also observed to decrease production of a
select group of miRNAs comprised largely of Let-7 miRNA family members. Investigations
from multiple laboratories have elucidated the pathways by which Let-7 miRNAs can be
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subject to post-transcriptional regulation by Lin28, a conserved RNA-binding protein and
pluripotency factor. Lin28 negatively regulates the production of Let-7 miRNAs by binding
to “GGAG” motif in the terminal loop of Let-7 precursor miRNAs to block Dicer processing
and facilitate degradation of the Let-7 precursor miRNA. BDNF was found to rapidly and
post-transcriptionally upregulate Lin28 protein levels in mature hippocampal neurons,
mediating a subsequent selective decline in the levels of mature Let-7 miRNA levels (Huang
et al., 2012). Collectively, the positive Dicer-mediated and negative Lin28-mediated effects
of BDNF on miRNA biogenesis allow BDNF to shape the neuronal miRNA pool and
differentially control miRNA-mediated repression of distinct transcripts. Elevated
production of mature miRNAs, by the BDNF-induced Dicer elevation, targets a greater
number of mRNAs for translational repression and can explain why many mRNAs do not
undergo enhanced translation in response to BDNF and how levels of some proteins are
decreased in response to BDNF (Rivera et al., 2004; Raab-Graham et al., 2006). In contrast,
the simultaneous increase in Lin28 levels by BDNF reduces neuronal levels of Lin28-
targeted miRNAs, mainly Let-7 family miRNAs, which permits Let-7 targeted mRNAs to
escape translational repression and selectively undergo increased translation in response to
BDNF. Lin28 confers specificity to BDNF-regulation of translation and may be viewed as a
‘selector’ molecule that excludes certain pre-miRNAs from being processed to mature
miRNAs. In the absence of Lin28, BDNF is unable to upregulate the translation of the many
growth-promoting targets that harbor Let-7 miRNA sites (Huang et al., 2012) and that are
associated with the important role of BDNF in neuronal plasticity and cognition.

4.3 The Lin28 / Let-7 Axis in post-transcriptional control of pro-growth gene expression
programs

There is considerable precedence for a prominent role of Let-7 family miRNAs in the
repression of genes controlling growth, proliferation, and pluripotency. In mammals, the
cellular abundance of mature Let-7 miRNAs can be controlled, at least in part, in a post-
transcriptional manner by Lin28 (Newman et al., 2008; Viswanathan et al., 2008) Lin28 was
first discovered in C. elegans as a heterochronic gene and regulator of developmental timing
(Ambros & Horvitz, 1984; Moss et al., 1997). Recent evidence from genome-wide
association studies (GWAS) indicates that Lin28 may retain its heterochronic function in
humans and play a critical role in coordinating growth and development. Genetic variation
near and within Lin28 (LIN28B loci) has been correlated with human age at onset of puberty
and height (Ong et al., 2009; Perry et al., 2009). Work from the Daley lab further
substantiated these findings with transgenic mice overexpressing Lin28a, which exhibited
increased body size and delayed onset of puberty. Increased glucose metabolism and insulin
sensitivity, phenotypes that recapitulated human developmental traits identified in GWAS
studies, were also observed in mice overexpressing Lin28 (Lettre et al., 2008; He et al.,
2009; Ong et al., 2009; Sulem et al., 2009; Zhu et al., 2010). Subsequently, Zhu and
colleagues showed that Lin28 regulates mammalian glucose metabolism in an mTOR-
dependent manner in part through derepression of metabolic genes, including INSR, IGF1R,
and IRS2, which are targets of Let-7 miRNAs (Zhu et al., 2011).

While Let-7-independent functions for Lin28 are known, the role of Lin28 in managing
growth and metabolism is most well-established through its regulation of the Let-7 family
miRNAs that can coordinately repress multiple pro-growth genes. As a consequence of these
broad pro-growth effects, Let-7 family miRNAs are often classified as tumor suppressor
genes. Lin28, which blocks Let-7 miRNA production, is believed to be overexpressed in up
to 15 % of all cancers. Dysregulated reduced expression of Let-7 miRNAs is frequently
found in lung cancer cell lines and patient tumor samples, and Let-7 miRNA overexpression
has been used to inhibit proliferation of lung cancer cells (Takamizawa et al., 2004). Other
cancers exhibiting low levels of Let-7 miRNAs include chronic myelogenous leukemia, B
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cell lymphoma, breast, colon, esophageal, ovarian, liver, kidney, prostate cancer. Several
studies have identified oncogenes including Ras, Myc, and HMGA2, as Let-7 targets
providing molecular insight into how aberrant reductions in Let-7 miRNAs could contribute
to tumorigenesis(Johnson et al., 2005; Johnson et al., 2007; Shell et al., 2007; Kumar et al.,
2008); Yu, 2007 #1166}. In healthy tissue, a major role of the Let-7 miRNA family is in the
control of target genes that regulate cellular proliferation and differentiation, as required for
proper development. Let-7 miRNA levels are progressively elevated during development,
across many species, and function to promote differentiation and represses self-renewal by
decreasing the expression of target genes that induce proliferation and inhibit differentiation
such as c-Myc, Pax6, Ascl1, and the transcription factors HBL-1 and DAF-12 (Abrahante et
al., 2003; Lin et al., 2003; Grosshans et al., 2005; Sampson et al., 2007; Ramachandran et
al., 2010) Let-7 miRNA levels are low or absent in a variety of stem cell or progenitor cell
populations of normal tissue (Thomson et al., 2004; Wulczyn et al., 2007). High Let-7
expression is detected late in embryonic development and in adult tissues (Sempere et al.,
2004; Thomson et al., 2004). It is now well-established that Let-7 functions as a key
developmental timing switch in the transition from stem cell to differentiated cell fate across
multiple organisms from C. elegans to vertebrates.

Why does the reduction in Let-7 family miRNAs by BDNF have a profound effect on the
translation of neuronal mRNAs containing binding sites for Let-7 family miRNAs? This is
an interesting consideration, particularly given that miRNAs are sometimes viewed as
mediators that serve only to fine-tune gene expression. There are several reasons why
targeting Let-7 miRNA levels may be particularly effective in allowing BDNF to promote
the synthesis of an ensemble of neuronal proteins with roles in growth and synaptic
plasticity. Several high-throughput studies have been conducted to quantitatively assess
brain region-specific miRNA expression patterns, and by multiple approaches the Let-7
family of miRNAs appears to be highly abundant in the adult mammalian brain. A miRNA
profiling study using deep sequencing (Illumina Genome analyzer) of bilateral rat
hippocampal CA3 regions reported that the Let-7 family of miRNAs represent nearly 50%
of small RNA sequences(Shinohara et al., 2011). In the adult mouse frontal cortex and
hippocampus, quantitative comparative analysis of miRNA expression using methods of
both miRNA-Seq (Illumina Genome analyzer) and miRNA microarray (Affymetrix) found
that the Let-7 family of miRNAs was collectively by far the most abundant class of miRNAs
in both the hippocampus (59%) and frontal cortex (47%)(Juhila et al., 2011). Remarkably,
individual members of the Let-7 family represented 7 of the 15 most abundant miRNAs in
the hippocampus(Juhila et al., 2011). These studies exemplify why mRNAs containing seed-
matched sites for Let-7 miRNAs might be anticipated to be repressed by these miRNAs
under basal conditions, and to undergo significantly enhanced translation when a BDNF
stimulus leads to relief from miRNA-mediated repression by a substantial and selective
decline in the highly abundant Let-7 family miRNAs.

5. Concluding Remarks
While a foundation of previous research has illuminated the mechanisms of bulk regulation
of protein synthesis by BDNF, this review has focused on more recent efforts to understand
how selectivity of BDNF-induced protein synthesis is achieved. The physiological effects of
BDNF include neuronal growth, survival, and plasticity suggesting that BDNF must
selectively activate the translation of pro-growth or plasticity-related mRNAs, rather than
exert nonspecific effects on gene expression. New insights into the effects of BDNF on post-
transcriptional regulators, including RNA-binding proteins and miRNAs, has shed light on
mechanisms that contribute to the specificity of BDNF translational control. Future work
directed towards the elucidation of the signaling pathways responsible for the regulation of
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RNA-binding proteins and miRNAs by BDNF will help establish vital regulatory points that
may be essential to the physiological impact of BDNF on brain function.
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Highlights

BDNF selectively regulates the translation of a subset of target genes

BDNF achieves target specificity by post-transcriptional regulation of translation

Target specificity requires BDNF regulation of miRNA biogenesis and mRNA
repression
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Figure 1. BDNF exerts post-transcriptional control of protein synthesis through regulation of
miRNA-dependent repression
miRNA-mediated repression can be regulated by BDNF to provide general (left panel) or
miRNA-selective (right panel) control of translation. miRNA-selective effects of BDNF on
the efficacy of repression (miR-134) (Schratt et al., 2006)or abundance (Let-7 family
miRNAs; (Huang et al., 2012)) for particular miRNAs, can reduce repression by particular
miRNAs and impart transcript specificity to the induction of protein synthesis by BDNF.
BDNF stimulation upregulates Lin28, an RNA binding protein that can bind precursors of
the Let-7 miRNA family (Let-7 pre-miRNA), preventing them from being processed by the
Dicer-TRBP machinery. The resulting diminished levels of mature Let-7 miRNAs relieve
repression of mRNAs with Let-7 binding sites and permit their translation. BDNF can also
regulate miRNA-mediated repression in a global manner that is not selective for a particular
miRNA family (left panel). By facilitating the phosphorylation of TRBP, BDNF stabilizes
and enhances levels of the Dicer-TRBP complex that processes pre-miRNA into mature
miRNA. This leads to a general rapid increase in miRNA levels and, in turn, increased
miRNA-mediated repression of many transcripts. BDNF also modulates NMDA-receptor
dependent signaling which has been shown to produce general effects on RISC-dependent
mRNA repression. NMDA-dependent signaling induces proteasome-dependent degradation
of MOV10, a component of RISC, leading to a loss of RISC function and freeing repressed
mRNA to enable translation (as was demonstrated for the CaMKIIα transcript).
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