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In contrast to most areas of the adult
brain, the dentate gyrus (DG) of the

hippocampus is endowed with the capa-
bility to generate new neurons life-long.
While recent evidence suggests that these
adult-born neurons exert specialized
functions in information processing com-
pared to pre-existing DG granule neu-
rons, to which extent the establishment
of their evolving connectivity may be reg-
ulated by experience has been elusive.
We recently demonstrated that environ-
mental enrichment (EE) induces a sur-
prising input-specific reorganization of
the presynaptic connectivity of adult-
born neurons, and that this form of
structural plasticity appears to large
degree confined to a defined period of
few weeks shortly after their generation.
Here, I briefly discuss how these findings
may uncover a previously unknown layer
of complexity in the processes regulating
the synaptic integration of adult-born
neurons and propose that their circuit
incorporation within the pre-existing
hippocampal network is not prefigured
but rather modulated by specific
experiences.

Synaptic plasticity of adult-born
hippocampal neurons

By the moment new immature neurons
are generated from terminally dividing
DG stem and progenitor cells, they
undergo a sequence of morpho-functional
changes culminating in the acquisition of
features virtually undistinguishable from
DG granule neurons generated during
early developmental stages.1-3 During this
stepwise process of maturation, new neu-
rons gradually establish their final connec-
tivity and become stable components of
the pre-existing tri-synaptic hippocampal
circuitry.2,4,5 Interestingly, during a rela-
tively immature but yet critical stage

between 4 and 6 weeks after their genera-
tion, adult-born DG neurons display a
heightened excitability and an enhanced
propensity to undergo long-term potentia-
tion compared to their older counter-
parts.6-8 While these features potentially
contribute not only to the highly competi-
tive nature of these young neurons by reg-
ulating their incorporation process into
the pre-existing circuitry, they also provide
insights into the unique proposed func-
tions of adult-born granule neurons in
processing complex patterns of informa-
tion.7,9,10 Intriguingly, the amount of new
neurons eventually added to the net-
work11,12 as well as their synaptic matura-
tion13,14 can be modulated by experience
(i.e. paradigms like voluntary exercise or
EE). This increase in the number of new
neurons has been associated to some bene-
ficial effects on cognitive functions and
affective behavior,15,16 thus raising the key
question to which extent this experience-
dependent form of plasticity may also
involve more profound alterations in the
connectivity of newly-generated neurons.

Experience modifies the presynaptic
connectivity of adult-born neurons

By utilizing an innovative rabies virus
(RABV)-based method,17 we have
recently dissected with unprecedented
temporal resolution the precise sequence
of synaptic innervation controlling the cir-
cuit incorporation of neurons born in the
adult brain.18 This method makes use of a
retrovirus for delivering to stem and pro-
genitor cell-derived new neurons a glyco-
protein (G) and a receptor (TVA), which
are later required by the RABV to infect
the very same neurons and then spread
transynaptically to their first-order presyn-
aptic partners. Optimization of this tech-
nique allowed us and other groups to trace
the evolving connectivity of adult-born
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DG neurons during their first weeks of life
and demonstrate that their incorporation
process follows sequential steps which are
matched in time by the maturation stage
of the neurons themselves. While local
GABAergic innervation from interneurons
mostly located in the sub-granular zone/
inner granule cell layer provides the initial
input to 10 days old newborn neurons,18

the first appreciable source of glutamater-
gic inputs (by hilar Mossy cells) was
detected only by the end of the second
week of the neurons’ age, in line with pre-
vious reports.19,20 Interestingly, during
the first 2–3 weeks of life after their gener-
ation, we detected a gradual broadening in
the types of local presynaptic interneurons
impinging onto adult-born neurons, at
last involving interneurons in the molecu-
lar layer (e.g. axo-axonic and other MOPP
cells; Figure 1).18,21 Only after the appar-
ent establishment of this local connectiv-
ity, most of the innervation arising from
sub-cortical (e.g., septum and mammillary
bodies) and cortical (entorhinal cortex,
EC) neurons became progressively evi-
dent.18,22 These data strongly suggest that
adult-born DG neurons integrate first

within local network modules before
becoming the target of long-distance corti-
cal projections, possibly indicating that
besides contributing to regulate their over-
all maturation process, this highly
dynamic refinement of local (mostly
GABAergic) networks may be a key
required step to guide and stabilize new-
born neurons throughout their incorpo-
ration process into the hippocampal
circuitry.

By taking advantage of this RABV-
based approach, in a last piece of work we
examined whether and how the circuit
incorporation of adult-born neurons may
change in response to experience, i.e., by
exposing mice to EE and/or voluntary
exercise. Our experiments revealed that
EE exposure profoundly modifies the con-
nectivity of newborn neurons, leading not
only to an important increase in the pro-
portion of traced presynaptic partners, but
also to the recruitment of CA3 and CA1
inhibitory feedback circuits that were vir-
tually not detectable under control hous-
ing conditions.23 Importantly, this form
of experience-dependent structural plastic-
ity of new neurons appeared almost

exclusively restricted to a critical period
between weeks 2 and 6 after their genera-
tion, providing novel insights into their
proposed unique contribution to hippo-
campal information processing during this
relatively immature stage.7 What is more,
when we returned mice to their original
standard cages (i.e. non-enriched) for
several additional weeks, most of the pre-
viously observed local changes in intra-
hippocampal GABAergic connectivity
appeared to have pruned back or normal-
ized to a degree similar to control mice.
Notably, however, the EC inputs were still
robustly increased as also evidenced by a
higher density in the dendritic mushroom
spines of adult-born neurons. While these
findings reveal that experience can pro-
duce stable changes in the connectivity of
these newly-generated neurons at least
with regard to cortical inputs, they also
disclose a form of plasticity induced by
environmental impoverishment that took
place after closure of the classical critical
period of plasticity in adult-born neurons,
which may presumably contribute to
refine their precise final connectivity until
full maturation is achieved.

Our work provides a first clear demon-
stration that complex experiences can
modify the final connectivity of newly-
generated neurons in the adult brain, and
therefore supports their specific involve-
ment in information processing and hip-
pocampal-dependent behavior. However
it also opens new important questions.
For instance, is the transient increase in
GABAergic innervation following EE an
evidence for the presumable role of GABA
in refining the final connectivity of adult-
born neurons in response to experience,
and eventually leading to the consolida-
tion of EC inputs? To which extent these
experience-dependent changes of adult-
born neurons within their critical period
of plasticity may be mirrored by homeo-
static adaptations in the connectivity of
pre-existing mature granule neurons? And
finally, can we expect a remodeling of
GABAergic inputs to be a central feature
also for the network incorporation of new
neurons obtained via specific cell-based
replacement approaches to repair adult
brain circuits, for instance following local
reprogramming or transplantation? The
answer to these questions will

Figure 1. RABV-mediated tracing of adult-born neuron presynaptic partners. The picture illustrates
an example of a RABV-traced presynaptic interneuron (green) located in the inner molecular layer
of the DG and densely innervating the granule cell layer. In the background, some DsRedC adult-
born neurons were labeled 6 weeks before with a retrovirus. Blue: DAPI. Bar, 20 mm.
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undoubtedly clarify the function of adult
neurogenesis at the circuit level and pro-
vide a framework to better understand,
and possibly prevent, how maladaptive
changes in new neuron connectivity can
participate to circuit dysfunction in the
adult brain.
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