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Neuronal activity controls the correct establishment and 
refinement of neuronal circuits by regulating key aspects such 
as dendritogenesis and spine development. Both transcriptional 
and post-transcriptional gene expression programs induced 
by neuronal activity have to be coordinated in a tight spatio-
temporal manner in order for proper functioning of the neuron. 
In this context microRNAs (miRNAs), which are implicated 
in post-transcriptional gene regulation, are good candidates 
to control dendritic and spine development. In a recent study 
we have demonstrated that neuronal activity induces myocyte 
enhancing factor 2 (Mef2) dependent transcription of a large 
cluster of brain-specific miRNAs (miR379-410). Expression of 
at least three microRNAs (miR-329,-134 and -381) from this 
cluster is essential for activity-dependent dendritic outgrowth of 
hippocampal neurons. One of these three miRNAs, miR-134, 
promotes dendritic outgrowth by inhibiting translation of the 
mRNA encoding the translational regulator Pumilio2 (Pum2). 
In brief, our results suggest a novel role for Mef2 in promoting 
activity-dependent dendritogenesis by inducing the transcription 
of the miR379-410 cluster.

The proper development and functioning of neuronal circuits 
require elaborate gene expression programs that have to be coor-
dinated in a tight spatio-temporal manner. While intrinsic gene 
expression programs are heavily involved in the early stages of 
neuronal development, activity-dependent gene expression is 
necessary for the correct establishment and refinement of neuronal 
circuits by regulating key aspects such as dendritogenesis and 

spine development.1 Increasing evidence suggests that non-coding 
RNAs, in particular miRNAs, cooperate with canonical activity 
regulated transcriptional and post-transcriptional factors (CREB 
and CPEB, respectively),2,3 to regulate gene expression in response 
to neuronal activity.4,5 MiRNAs are involved in the posttranscrip-
tional regulation of gene expression by targeting the RNA-induced 
silencing complex (RISC) to the 3'-UTR of an mRNA, leading to 
its translational repression or degradation.

In our recent study we discovered that the transcriptional 
expression of miRNAs from the miR379-410 cluster, located 
within the Gtl2/Dlk1 locus and composed of more than 50 
miRNAs, is induced in response to neuronal activity (KCl and 
BDNF) in a Mef2—dependent manner.6 At least three miRNAs 
(miR-134, -381 and -329) from the cluster are necessary for an 
increase in dendritic complexity observed upon neuronal activity 
(Fig. 1A). Activity-dependent changes in dendritic complexity 
are well documented both in in vitro cell culture models and in 
in vivo animal models. For example, the dendritic tree of cortical 
neurons is extensively elaborated in response to the increased 
neuronal network activity in animals exposed to an enriched envi-
ronment.7 Furthermore, abnormalities of the dendritic tree are a 
common hallmark of several cognitive diseases characterized by 
synaptic dysfunction such as mental retardation.8 Recently, defects 
in miRNA biogenesis were shown to contribute to dendritic 
abnormalities in a mouse model of schizophrenia9 and in Dicer-
deficient mice.10 Therefore, it will be important to study the role 
of the activity-dependent expression of the miR379-410 cluster in 
dendrite development in vivo. Since only a few members of the 
cluster appear to be required for activity-dependent dendritogen-
esis, it is likely that multiple other aspects of neuronal development 
(neuronal survival, synapse development) may be coordinately 
controlled by the miR379-410 cluster. Combining gene targeting 
approaches with genome wide profiling will yield valuable insight 
into the signaling pathways regulated by the miR379-410 cluster.

We identified the transcription factor Mef2 as necessary for 
activity-dependent regulation of the miR379-410 cluster. Mef2 
was recently shown to act as a negative regulator of synapse 
number.11 We uncovered a novel role of Mef2, namely as a 
positive effector of dendritic outgrowth. Furthermore, it was 
recently shown that, during early postnatal development, dendritic 
arborization is accompanied by a concomitant reduction in unitary 
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excitatory synaptic strength.12 This latter finding might provide a 
rational to reconcile the seemingly opposing functions of Mef2; 
upon neuronal activity Mef2 could in parallel induce excitatory 
synapse downscaling and dendritic outgrowth. A key role for 
Mef2 in reducing neuronal excitability is further suggested by the 
observation that under conditions of high neuronal activity, Mef2 
induces expression of the neurotrophin BDNF and the transcrip-
tion factor Npas4, two positive regulators of inhibitory synapse 
development.13,14

MiR-134 is one of the miR379-410 cluster miRNAs necessary for 
activity-dependent dendritogenesis. Previously we have shown that 
miR-134 restricts dendritic spine growth by reversibly inhibiting the 
local synthesis of the actin cytoskeleton regulator LimK1.15 In the 
recent sudy, the effect of miR-134 on dendritic outgrowth appears 
to be mediated by a different target, the RNA-binding protein 
Pumilio 2 (Pum2). Pumilio proteins can act either as translational 
activators or inhibitors and control several aspects of neuronal func-
tion, including neuronal morphology and excitability.16,17 Both the 
Pum2 protein and mRNA are localized in dendrites. Thus miR-134 
might couple global nuclear programs of gene expression with the 
spatially restricted control of protein synthesis in dendrites. To test 
this hypothesis it will be necessary to determine the localization of 
the Pum2-miR-134 interaction and the subset of mRNAs whose 
translation is regulated by Pum2. These studies could elucidate 
how a neuron coordinates transcriptional and post-transcriptional 
programs of gene expression in response to activity.

Surprisingly, our study also revealed a dual effect of neuronal 
activity on miR-134 function. In young neurons, activity increases 
miR-134 levels to facilitate the translational inhibition of Pum2 
and dendritic outgrowth. In more mature neuronal cultures, 
BDNF release locally suppresses the miR-134 mediated Limk1 
translational inhibition. It is tempting to speculate that these 
different effects might not only reflect different functions of 
miR-134 at different stages of development, but also represent a 
mechanism of neuronal homeostasis in response to increased or 
decreased network activity. Homeostatic plasticity is defined as 
the capability of individual neurons within a circuit to adjust to 
different levels of presynaptic input by changing the strength of 
the postsynaptic responses. One example is synaptic downscaling, 
a mechanism that decreases the average magnitude of postsyn-
aptic responses to keep the overall neuronal excitability within 
the physiological range.18 One could speculate that the increased 
global levels of miR-134 in response to activity might contribute 
to synaptic downscaling by restricting spine growth. Moreover, 
synaptic activity leads to BDNF secretion that can locally block 
miR-134 activity. These two forms of activity-dependent miR-134 
regulation would permit the potentiation of individual active 
synapses without compromising neuronal homeostasis in the 
very same neuron (Fig. 1B). The coordination of global and local 
control of miRNAs by neuronal activity and their function in 
homeostatic and Hebbian forms of synaptic plasticity is an exciting 
topic for future investigation.

It is becoming evident that many neurological diseases arise 
from a failure in homeostatic mechanisms within the neuronal 
network.19 Understanding how miRNAs modulate experience-

dependent neuronal responses should shed some light on the 
etiology of complex brain disorders and potentially provide new 
means for therapeutic intervention.
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Figure 1. The effect of neuronal activity on the function of the miR379-410 
cluster member miR-134. (A) Schematic representation of miR379-410 
cluster dependent dendritogenesis pathway. Neuronal activity induces 
Mef2-dependent transcription of microRNAs from the miR379-410 cluster. 
At least three of them (miR-134, -329 and -381) are necessary for activity-
dependent dendritogenesis. The targets of miR-329/381 are unknown. 
One of the miR-134 targets important for dendritogenesis is Pum2. 
Enhanced expression of miR-134 blocks Pum2 translation. Reduced Pum2 
expression, in turn, allows the synthesis of dendrite growth promoting fac-
tors (and/or interferes with the synthesis of inhibiting factors). (B) miR-134 
regulates dendritic spine size.15 Bdnf (neuronal activity) application inhib-
its the repressive effect of miR-134 on translation of Limk1 mRNA which 
leads to increased spine size.
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