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Abstract
Neurons are born and become a functional part of the synaptic circuitry in adult brains. The
proliferative phase of neurogenesis has been extensively reviewed. We therefore focus this review
on a few topics addressing the functional role of adult-generated newborn neurons in the dentate
gyrus. We discuss the evidence for a link between neurogenesis and behavior. We then describe
the steps in the integration of newborn neurons into a functioning mature synaptic circuit. Given
the profound effects of neural activity on the differentiation and integration of newborn neurons,
we discuss the role of activity-dependent gene expression in the birth and maturation of newborn
neurons. The differentiation and maturation of newborn neurons likely involves the concerted
action of many genes. Thus we focus on transcription factors that can direct large changes to the
transcriptome, and microRNAs, a newly-discovered class of molecules that can effect the
expression of hundreds of genes. How microRNAs affect the generation and integration of
newborn neurons is just being explored, but there are compelling clues hinting at their
involvement.
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1. Introduction
In the adult mammalian brain newborn neurons are born and then are integrated into the
functioning synaptic circuitry. There are two major neurogenic regions of the brain – the
subgranular layer of the dentate gyrus and the subventricular zone adjacent to the lateral
ventricles. Newborn neurons of the subgranular layer become granule cells (Overstreet-
Wadiche and Westbrook, 2006) whereas those derived from the subventricular zone migrate
via the rostral migratory stream to become granule and periglomerular cells in the olfactory
bulb (Alvarez-Buylla and Garcia-Verdugo, 2002). In this review we discuss the evidence for
dentate gyrus neurogenesis, how newborn neurons become integrated into the dentate gyrus,
and some of the molecular mechanisms involved in this process. As newborn neurons
integrate an array of cellular changes take place, therefore molecules that can orchestrate
large-scale changes to the transcriptome such as transcription factors and possibly
microRNAs are of particular interest.
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2. Behavior and dentate gyrus neurogenesis
The proliferation of new neurons in the dentate gyrus and their chances of survival are
influenced by environmental and endogenous factors, each of which can have profound
effects on behavior. However, whether there is a causal relationship between the generation
of new neurons and behaviors such as learning tasks is still debated. Two examples of a
positive influence on neurogenesis are enriched environment and voluntary exercise or
wheel running. Exposure to tunnels, toys, and running wheels increases the number of cells
in the dentate gyrus (Brown et al., 2003; Kempermann et al., 1997; Kempermann et al.,
1998). These manipulations also improve spatial learning and memory (Nilsson et al., 1999;
van Praag et al., 1999) and decrease the stress response to anxiety-provoking conditions
such as open field tests and predator odor exposure (Roy et al., 2001). These correlative data
suggest that neurogenesis can influence anxiety and perhaps mediates the behavioral effects
of environmental enrichment. However, after abolishing neurogenesis, Meshi et al. (2006)
concluded that neurogenesis was not necessary for enrichment-associated improvements in
latency to feed, time to hidden platform, and proportion of time in target quadrant. Similarly,
Bartolomucci et al. (2002) showed that a stress-induced decrease in neurogenesis improved
performance on hippocampus-dependent tasks and Van der Borght et al. did not find a
correlation between strain-dependent differences in neurogenesis and spatial learning in rats
(2005). Interpretation of these results is complicated because factors that influence
neurogenesis also influence other aspects of mature and newborn neurons such as dendritic
architecture, synaptogenesis, and synaptic plasticity. Because these factors can influence
hippocampus-dependent learning, the role of neurogenesis in learning remains elusive.

2.1 Cognitive behaviors
Several studies have looked at the inverse relationship, i.e. whether learning increases the
number and survival of new neurons. Training on hippocampus-dependent learning tasks
such as trace eyeblink conditioning, the Morris water maze, and conditioned food preference
all increase the number of newly generated granule cells in the adult dentate gyrus (Gould et
al., 1999). Furthermore, Ambrogini et al. (2000) reported a correlation between actual
learning and newborn cell survival. However, Dobrossy et al. (2003), differentiating
between early- and late-phase learning, suggested that late-phase learning increased the
number of newborn cells but decreased the number of neurons generated in the early phase.
Interestingly, the decrease in new cells correlated with better performance in the Morris
water maze. These data are congruent with Ambrogini et al. (2004b), in which
hippocampus-dependent learning increased survival of newborn cells, but decreased the
number of immature neurons.

To establish a relationship between cell number and learning performance requires
investigation of whether neurogenesis is necessary for learning. Various studies have used
antimitotic drugs, genetic manipulation, or radiation therapy to ablate neurogenesis. For
example, knockdown of neurogenesis in the dentate gyrus (Jessberger et al., 2009) and
chemotherapy (Mustafa et al., 2008) were shown to impair spatial memory. However, Ko et
al. (2009) reported that inhibition of neurogenesis impaired only the formation of contextual
fear memory, not its extinction. Similarly, Saxe et al. (2006) suggested that genetic ablation
of neural progenitor cells or focal irradiation of the hippocampus impaired fear conditioning,
but performance on spatial learning tasks and cued conditioning was unaffected. These data
suggest that adult neurogenesis may be involved in only a subset of hippocampus-dependent
functions.
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2.2 Affective behaviors
Studies of depression have also suggested a behavioral role for neurogenesis. For example,
stress, a causal factor for depression (Kendler et al., 1999), reduces neurogenesis. Because
newborn neurons in the adult hippocampus are sensitive to increases in corticosteroid levels
(Gould et al., 1992; McEwen, 1999) and adrenalectomy increases adult neurogenesis
(Cameron and Gould, 1994), a stress-induced decrease in neurogenesis has been suggested
as a trigger for depression (D’Sa and Duman, 2002; Duman et al., 2000; Jacobs et al., 2000;
Jacobs, 2002; Kempermann, 2002; Kempermann and Kronenberg, 2003) This idea gains
traction from successful treatment of depression with SSRIs, which increase serotonergic
transmission and also stimulates neurogenesis (Brezun and Daszuta, 1999; Jacobs, 1998).
Similarly, chronic treatment of animals with the antidepressant fluoxetine increases
neurogenesis in the adult dentate gyrus (Czeh et al., 2001; Kempermann, 2002; Malberg et
al., 2000; Malberg and Duman, 2003; Manev et al., 2001) as does lithium and
electroconvulsive therapy (Boku et al., 2010; Chen et al., 2000; Madsen et al., 2000; Wexler
et al., 2008).

Despite this correlative data, it is also clear that deficits in neurogenesis are not the sole
cause of depression. Ablation of neurogenesis by irradiation or gene deletion does result in a
blunted antidepressant response (Li et al., 2008; Santarelli et al., 2003). However, some
behavioral responses to antidepressants do not require intact neurogenesis (David et al.,
2009). Further, manipulations that decrease neurogenesis do not induce anhedonia outright
(Jayatissa et al., 2009; Jayatissa et al., 2010; Taliaz et al., 2010). These data suggest that
there is a strong correlative relationship between neurogenesis and both cognitive and
affective behaviors. However specific manipulations disrupting neurogenesis do not
necessarily abrogate behaviors that are correlated with enhanced neurogenesis. One possible
interpretation arising from the disparity between the correlation of neurogenesis to
antidepressant action and the lack of anhedonia in mice with disrupted neurogensis is that
underlying circuit activity may contribute to both robust neurogenesis and positive affect.
Therefore neurogenesis may serve as a sensor for this underlying activity. The underlying
activity, itself, could more directly contribute to certain behaviors. Further, changes in
underlying activity that promote hippocampal neurogenesis may also be occurring elsewhere
in the brain. In such a model, global changes in activity in brain regions important for mood
including the striatum, prefrontal cortex, and hippocampus could contribute to positive
affect. In parallel, this activity promotes neurogenesis in the hippocampus which likely
results in a functional feedback into limbic circuitries.

3. Integration of newborn neurons into the synaptic circuitry
In the adult rat, it has been estimated that 4000 to 9000 new cells are born every day
(Cameron and McKay, 2001; Rao and Shetty, 2004). Of those surviving one week, about
75% differentiate into neurons (Rao and Shetty, 2004; Steiner et al., 2004). Of these, about
half will die within the first month after birth whereas the other half appear to survive at
least 6 months (Dayer et al., 2003). Thus it has been estimated that between 3.75% and 6%
of neurons in the dentate gyrus are less than one month old (Cameron and McKay, 2001;
Rao and Shetty, 2004).

Although earlier studies focused on precursor cell proliferation, differentiation, and survival,
there also has been substantial progress in understanding how newborn neurons integrate
into the synaptic circuitry. The basic properties of maturing newborn neurons in the adult
were first described using untargeted whole-cell recordings from cells along the inner
margin of the granule cell layer. Post-hoc morphological measurements and
immunohistochemistry were then used to further characterize these cells. In many respects,
newborn neurons of the adult show similar characteristics to their counterparts during early
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development. They have rudimentary dendritic arborization, high input resistance, and
depolarized resting potentials. As they mature their dendritic arbors elaborate, input
resistance decreases and the resting membrane potential becomes more hyperpolarized
(Ambrogini et al., 2004a; Schmidt-Hieber et al., 2004).

A more detailed picture of newborn neuron development and integration has been
established by studying newborn neurons labeled with retroviral particles, or transgenically
labeled in POMC-GFP mice (Overstreet et al., 2004; van Praag et al., 2002). During the first
week after differentiation, newborn neurons begin to extend dendritic processes through the
granule cell layer and axons through the hilus towards the CA3 region (Esposito et al., 2005;
Zhao et al., 2006). In whole-cell recording, these newborn neurons have very high input
resistances (>4GΩ) and produce rudimentary action potentials, but mostly lack synaptic
inputs (Esposito et al., 2005). During the second week after birth the newborn neurons begin
to elaborate dendritic branches into the molecular layer and the axons have reached the CA3
region (Figure 1) (Esposito et al., 2005; Zhao et al., 2006). At this point the neurons have
input resistances of about 1-5GΩ, depolarizing GABAergic inputs and only very few, if any,
glutamatergic synaptic inputs (Figure 1) (Esposito et al., 2005; Markwardt et al., 2009;
Overstreet Wadiche et al., 2005). During the third week of maturation dendrites grow
through the outer molecular layer, the input resistance drops below 1GΩ, and there is a rapid
increase in the formation of glutamatergic synapses and dendritic spines (Figure 1) (Esposito
et al., 2005; Toni et al., 2007; Zhao et al., 2006). By four to five weeks post-mitosis
newborn neurons mature and have lower input resistances (200-500mΩ) and fully
elaborated dendrites with rich excitatory glutamatergic and inhibitory GABAergic inputs
(Figure 1) (Esposito et al., 2005; Toni et al., 2007; Zhao et al., 2006). Between four and six
weeks post-mitosis, long-term potentiation is more easily induced than in more mature
neurons (Ge et al., 2007; Schmidt-Hieber et al., 2004).

There are a number of parallels that exist between adult and developmental neurogenesis. In
both situations, neurons differentiate and mature into functional components of the synaptic
circuitry. In both development and in the adult newborn neurons undergo a critical period of
enhanced plasticity characterized by slowly decaying NMDA receptor currents because of
preferential expression of NR2B subunit containing receptors (Ge et al., 2007; Sheng et al.,
1994; Tovar and Westbrook, 1999). The transition from depolarizing to hyperpolarizing
GABA is also a developmental phenomenon (Leinekugel et al., 1999). However, in the adult
the maturation of newborn neurons appears to be slower (Overstreet-Wadiche et al., 2006).
It is difficult to discern whether differences between newborn neurons of the adult and in
development result from cell-intrinsic dissimilarities or from differences in the environment
into which the neurons are born. However this issues represents an important area of study
in light of hopes for cell-based therapies to replace diseased neurons in adults.

4. Molecular mechanisms governing integration
4.1 Activity-dependent transcription

As progenitor cells undergo the transition into differentiated neurons and integrate into the
synaptic circuitry, there are large-scale changes in gene expression (Flavell and Greenberg,
2008). Thus, there must be many molecular controls governing the stages of neurogenesis
and subsequent circuit integration. One transcription factor governing this process,
NeuroD1, is expressed in the dentate gyrus during the transition from precursor cells into
neurons (Gao et al., 2009). Both overexpression and knockdown of NeuroD1 indicate that it
is critical for the differentiation and survival of progenitor cells and neurons, respectively
(Gao et al., 2009; Hsieh et al., 2004; Roybon et al., 2009). The reduction of NeuroD1
expression in β-catenin knockout mice underscores the importance of wnt signaling to set up
this transcriptional program (Kuwabara et al., 2009). Because enhanced activity through
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enriched environment, exercise, or seizures positively influences neurogenesis and
integration of newborn neurons, activity-dependent mechanisms that modulate transcription
factor expression are of particular interest. Activity facilitates synaptic release of wnt
(Ataman et al., 2008) and could therefore enhance NeuroD1 non cell-autonomously.
Precursor cells may detect ambient circuit activity through NMDA receptors and L-type
Ca++ channels (Deisseroth et al., 2004). This ion channel activity results in the suppression
of pro-glial genes Hes1 and Id2 and the induction of NeuroD1 (Deisseroth et al., 2004).
Thus activity can affect the transcriptional program whereby NeuroD promotes the neuronal
fate of precursor cells.

As newborn neurons begin to receive GABAergic inputs another activity dependent
transcriptional program begins. During developmental and adult neurogenesis newborn
neurons are initially depolarized by GABA due to high intracellular chloride. The high
levels of intracellular chloride are driven by expression of the Na+-K+-2Cl− transporter
NKCC1 (Ge et al., 2006). As the neurons mature, NKCC1 expression decreases and the
expression of the K+Cl− cotransporter KCC2 increases. This results in a shift of the chloride
gradient and a transition from depolarizing to hyperpolarizing GABA responses. Neural
activity appears to be necessary for this molecular switch (Fiumelli and Woodin, 2007).
Further, elimination of depolarizing GABA via knockdown of NKCC1 results in impaired
integration of newborn neurons into the adult synaptic circuitry (Ge et al., 2006).
Interestingly, peak activation of the activity-dependent transcription factor CREB parallels
the appearance of depolarizing GABAergic inputs, and retroviral mediated knockdown of
CREB in adult-generated newborn neurons decreases their growth and survival. Thus
depolarizing GABA results in CREB activation that is necessary for the normal integration
of newborn neurons (Jagasia et al., 2009). Further, antidepressant medications and seizures
enhance integration and also result in increased CREB phosphorylation (Fujioka et al., 2004;
Lee et al., 2007; Overstreet-Wadiche et al., 2006). Thus CREB is ideally situated to
contribute to large-scale changes in gene expression that occur during maturation of
newborn granule neurons.

Though activity dependent changes in NeuroD1- and CREB-mediated transcription have
been most studied in the context of adult neurogenesis, it is likely that other such
transcriptional shifts occur at various stages throughout the birth and integration of newborn
neurons. For example Klf-9 expression is induced by activity and is necessary for the
maturation of granule neurons in vivo (Scobie et al., 2009). Activity dependent transcription
factors such as Npas4 and Mef2 regulate synapse formation and this function could be
tapped in the context of adult neurogenesis (Barbosa et al., 2008; Flavell et al., 2006; Lin et
al., 2008). It is also likely that we will uncover activity-dependent mechanisms regulating
transcription factors such as Ascl1, Pax6 and Ngn2 which are found in the adult dentate
gyrus neurogenic niche (Kim et al., 2007; Ozen et al., 2007; Roybon et al., 2009).

4.2 Potential for activity dependent microRNAs
Like transcription factors, microRNAs can cause large-scale changes in the proteome of a
cell, thus regulating processes such as differentiation and maturation. MicroRNAs are short
~21 nucleotide RNAs that are processed from endogenous genomic loci. These short RNAs
are incorporated into the miRNA-induced silencing complex (miRISC), bind to target
sequences of a transcript, and induce the translational repression or degradation of that
transcript (Krol et al., 2010). Inhibition of microRNA biogenesis by knockout of the
microRNA processing enzyme, dicer, has a profound impact on brain development (De
Pietri Tonelli et al., 2008). However the specific influence of individual microRNAs in adult
dentate gyrus neurogenesis is largely unexplored. To screen for microRNAs that may
contribute to the process of integration we induced seizures in mice and used microarrays to
screen for activity-dependent microRNAs (Figure 2). Although the microRNAs identified in
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this screen have not been extensively validated, we identified a number of microRNAs
known to be activity-dependent. This list included miRs 329, 453, and 495 that are members
of the miR-134 cluster. MiR-134 can regulate synapse development (Christensen et al.,
2010; Schratt et al., 2006), thus it and other members of this gene family may play a role in
newborn neuron integration.

Two of the most highly upregulated microRNAs in our screen, miR-132 and miR-212, are
produced from the same transcript and show CREB-dependent expression (Impey et al.,
2004; Vo et al., 2005). We and others have observed that its expression is induced by seizure
activity in vivo (unpublished data (Nudelman et al., 2010). Further, miR-132 can enhance
dendritic outgrowth and spine formation in vitro (Wayman et al., 2008). A number of
downstream targets for miR-132 have been identified including p250-GAP, SirT1, MeCP2,
and p300 (Impey et al., 2009; Klein et al., 2007; Lagos et al., 2010; Strum et al., 2009).
Although it is difficult to discern which target mediates specific aspects of its function,
miR-132 likely contributes to the epigenetic changes downstream of CREB activation.
Further, its function in vitro makes it a strong candidate to enhance the integration of
newborn neurons into the adult synaptic circuitry. We have recently found that knockdown
of miR-132 using in vivo retroviral injection results in decreased synaptic inputs onto
granule neurons (unpublished data). Further, cre-mediated deletion of miR-132/212 results
in decreased dendritic arborization and dendritic spine density of newborn dentate gyrus
neurons in vivo (Magill et al., 2010).

Some of the activity dependent microRNAs identified in our array have been studied in the
context of neurogenesis. For example, viral methods have been used to test whether
miR-137 plays a role in adult neurogenesis. The retroviral over-expression of miR-137 in
the dentate gyrus inhibits the growth of newborn neurons (Smrt et al., 2010). Specifically,
miR-137 over-expression resulted in decreased arborization and spine density of newborn
neurons in vivo. The effects of miR-137 expression were, at least partially, a result of
repression of the ubiquitin ligase mind bomb one (Mib1). That miR-137 expression is
induced by seizures yet decreases the maturation of newborn neurons may indicate that it
negatively regulates the pathological increases in growth that occur in newborn neurons
after seizures.

Another microRNA identified on our array, miR-9, promotes neurogenesis in the mid-
hindbrain domain of zebrafish (Leucht et al., 2008), promotes Cajal Retzius cell
differentiation (Shibata et al., 2008), reduces proliferation and increases differentiation of
mouse neural stem cells (Zhao et al., 2009), and enhances proliferation and differentiation of
human neural stem cells (Delaloy et al., 2010). Although these studies all implicate miR-9 in
neurogenesis-related phenotypes, they diverge in the proposed mechanisms with different
miR-9 targets implicated. For example, the proposed targets are fgf signaling components
(Leucht et al., 2008), FoxG1 (Shibata et al., 2008), TLX (Zhao et al., 2009), and stathmin
(Delaloy et al., 2010). This divergence could result from the different systems and methods
of miR-9 manipulation in these studies. However, it may also emphasize the fact that
microRNAs target hundreds of genes, which makes it difficult to pinpoint a phenotype to a
single target or even a small group of targets (Baek et al., 2008; Selbach et al., 2008).

Although we have been particularly intrigued by the possible role of activity-dependent
microRNAs in the integration of newborn neurons, activity-dependence is certainly not
necessary for a microRNA to regulate neurogenesis and/or circuit integration. One clue that
a microRNA may play a role in neuronal differentiation is simply its tissue specific
expression in the CNS (Sempere et al., 2004). For example, miR-124 is highly brain
enriched and has been extensively studied in the context of neurogenesis. The repression of
miR-124 in primary cortical neuron cultures resulted in upregulation of non-neuronal genes,
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suggesting that miR-124 contributes to the neuronal phenotype (Conaco et al., 2006).
Makeyev et al. (2007) reported that miR-124 promotes the neuronal phenotype by repressing
the RNA-binding protein PTB1 and promoting neuron-specific alternative splicing.
MiR-124 can also regulate neurite outgrowth in cultures and a microarray-based approach
has been used to identify hundreds of targets that could potentially mediate this phenotype
(Yu et al., 2008). MiR-124 knockdown in the subventricular zone inhibited the
differentiation of neural progenitors and Sox9 was reported as a target mediating this effect
(Cheng et al., 2009). However the overexpression and knockdown of miR-124 in the chick
using in ovo electroporation did not result in overt changes in neuronal differentiation (Cao
et al., 2007). In this study, miR-124 overexpression resulted in subtle basal lamina defects
with laminin γ1 and integrin β1 repression. Although these studies point to a role for
miR-124 in differentiation, they suggest mechanisms that diverge from one another based on
a handful of potential targets.

As individual microRNAs result in small expression changes of large arrays of genes, it may
be useful to identify overlapping targets of co-regulated microRNAs. For example, an array
of microRNAs, including miR-9 and miR-124, are regulated by REST and are thus co-
expressed during the transition from a progenitor cell into a neuron (Conaco et al., 2006).
Whereas each of these miRs individually did not result in significant repression of a
BAF53a BAC transgenic reporter, the combined expression of miR-9* and miR-124 results
in significant repression of this target (Yoo et al., 2009). Thus the combinatorial action of
these two co-regulated microRNAs contributes to a fundamental switch in chromatin-
remodeling that occurs during the transition of a progenitor cell into a mature neuron. In
light of these results it will be of interest to identify overlapping targets of co-regulated
microRNAs.

Identifying arrays of regulated genes may be useful in studying the mechanisms through
which microRNAs exert their action. For example miR-125b promotes the differentiation of
SY5Y cells. Using a microarray, 164 genes were suppressed by miR-125b leading to a
model including 10 potential direct targets (Le et al., 2009). This approach was also used to
unravel the mechanisms by which mutations in miR-96 promote progressive hearing loss in
mice (Lewis et al., 2009). However, despite being informative, these microarray-based
approaches cannot differentiate between direct microRNA targets and downstream indirect
actions. One alternative approach to defining all targets of a particular microRNA is to
overexpress or knock down a particular RNA and to sequence mRNAs crosslinked to the
machinery responsible for microRNA action (Chi et al., 2009). Such unbiased methods to
identify targets of individual microRNAs will be invaluable in understanding how families
of activity dependent microRNAs function.

5. Conclusion
There is increasing evidence linking animal behavior to dentate gyrus neurogenesis in the
adult animal. This link is exemplified by the ability of enriched environments, learning, and
exercise to enhance adult neurogenesis and data suggesting that the behavioral effects of
antidepressants are partially mediated by neurogenesis. However, understanding how adult
neurogenesis contributes to learning and behavior is complicated by the difficulty in
manipulating neurogenesis in isolation. That the correlation between behavior and increased
neurogenesis appears stronger than the necessity for neurogenesis in certain behaviors could
indicate that the role for neurogenesis in behavior is functionally redundant. However, it
may also be that processes important for neurogenesis are, in parallel, important for
hippocampal-dependent behaviors. For example increased activity enhances activity-
dependent plasticity, which is necessary for both increased neurogenesis and certain
behaviors.
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The exact relationship between plasticity, neurogenesis, and behavior is still under debate.
However there is no doubt that neural activity enhances the differentiation and integration of
newborn neurons. Thus the differentiation and integration of newborn neurons is itself a
form of activity-dependent plasticity. Mechanisms governing this process may also regulate
plasticity in other brain regions. Newborn neurons are particularly attractive for such studies
because their stereotyped integration into the synaptic circuitry has been well described.
Furthermore, retroviruses allow for the specific genetic manipulation of adult-generated
newborn neurons. Of particular interest are mechanisms whereby neuronal activity can make
large-scale changes to the cellular transcriptome. MicroRNAs are a new class of molecules
poised to regulate many genes in response to activity. However, an individual microRNA
may only have a small effect on the expression of hundreds of genes. Therefore the
concerted action of several microRNAs with overlapping targets may represent the most
biologically relevant scheme through which microRNAs regulate adult neurogenesis.
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Figure 1.
The Integration of Newborn Neurons into the Adult Dentate Gyrus.
(A). The morphology of newborn neurons is depicted by labeling with a retrovirus
expressing EGFP using the ubiquitin promoter (pRubi) in 6 to 8 week old mice. At 14 days
post-injection (DPI) the aspiny dendrites (lower panel) have reached the inner molecular
layer (upper panel). Only 1 week later at 21 DPI the majority of dendrites span the
molecular layer (upper panel) and have numerous dendritic spines (lower panel). At 4
months post-injection (MPI) the neurons are fully mature with elaborate dendritic arbors
(upper panel) and numerous mature dendritic spines (lower panel). (B) The stages of
neuronal maturation depicted above can easily be discerned by the electrophysiological
profile of the cells as well. Each point represents a single whole-cell recording of
spontaneous excitatory post-synaptic currents (sEPSC) frequency plotted as a function of
cellular input resistance. The sEPSC frequency correlates to the density of excitatory
synaptic inputs onto the cell and the input resistance of the cell decreases as the size of the
cell increases. At 14 DPI there is high input resistance and almost no excitatory synaptic
currents. By 21 DPI there is a decrease in the input resistance and an increase in the sEPSC
frequency. Mature neurons have the lowest input resistance and the greatest frequency of
sEPSCs.
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Figure 2.
Activity-dependent microRNAs in the Adult Dentate Gyrus.
Seizures were elicited in 8-week-old mice using pilocarpine injection. At four hours post
status epilepticus the dentate gyrus was acutely isolated, RNA extracted, and a microarray
was used to identify microRNAs that are regulated by activity in vivo. The results displayed
are the average transcript fold change (y-axis) from duplicate microarrays probing for all
known microRNAs. While most of the individual microRNAs that appear to be regulated
have not been experimentally verified, we find that there are many potential activity
dependent microRNAs in the dentate gyrus. These microRNAs are interesting candidates
that may contribute to the mechanisms by which newborn neurons integrate into the dentate
gyrus.

Luikart et al. Page 16

Behav Brain Res. Author manuscript; available in PMC 2013 February 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


