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Pronounced neuronal remodeling is a hallmark of temporal lobe epilepsy. Here, we use real-time confocal imaging of tissue from mouse brain to
demonstrate that remodeling can involve fully differentiated granule cells following translocation of the soma into an existing apical dendrite.
Somatic translocation converts dendritic branches into primary dendrites and shifts adjacent apical dendrites to the basal pole of the cell.
Moreover, somatic translocation contributes to the dispersion of the granule cell body layer in vitro, and when granule cell dispersion is induced
in vivo, the dispersed cells exhibit virtually identical derangements of their dendritic structures. Together, these findings identify novel forms of
neuronal plasticity that contribute to granule cell dysmorphogenesis in the epileptic brain.

Introduction
The epileptic brain is characterized by numerous alterations in
hippocampal granule cell structure, including dispersion of the
normally compact granule cell body layer (Houser, 1990), accu-
mulation of cells with dendrites projecting into the hilus (Spigel-
man et al., 1998), formation of recurrent basal dendrites, which
project inappropriately off the basal pole of the cell toward the
hilus, but then turn and correctly target the dentate molecular
layer (Dashtipour et al., 2002), and a variety of distortions of the
dendritic tree (Scheibel and Scheibel, 1973; von Campe et al.,
1997). Although many of these aberrant plastic changes were first
described decades ago, the cellular processes by which they de-
velop have only recently begun to be elucidated.

To reveal the processes underlying granule cell dysmorpho-
genesis, organotypic entorhinal– hippocampal cultures were
made from Thy1-Yellow fluorescent protein (YFP)-expressing
mice. Living granule cells in these explants can be repeatedly
imaged with confocal microscopy, and explant preparation alone
promotes granule cell hyperexcitability and recapitulates neuro-
plastic changes observed in the intact epileptic brain (Routbort et
al., 1999), providing an opportunity to visualize plastic changes
in real time.

Materials and Methods
Time-lapse imaging of granule cell dendritic plasticity. Organotypic ento-
rhinal– hippocampal explant cultures (n � 27) were prepared from 5- to

8-d-old male and female Thy1-YFP-expressing mice on a C57BL/6 back-
ground (n � 20, H line) (Feng et al., 2000) as previously described (Dan-
zer et al., 2002). All procedures conformed to institutional guidelines for
the care and use of animals. Cultures were screened for the presence of
YFP-expressing dentate granule cells after 6 –7 d in vitro (DIV). Poorly
labeled granule cells, granule cells exhibiting degenerative changes, and
granule cells obscured by the processes of other cells were excluded. For
imaging, explants were placed on the stage of a DMI 6000 microscope
encased in a Ludin chamber maintained at 37°C and supplied with a
humidified 5% CO2/95% air mix. Individual granule cells were imaged
through their Z-depth at 3–5 �m increments using a 10� objective at
4 –5� optical zoom using a Leica SP5 confocal microscope. Cells were
imaged beginning at 6 –7 DIV and were reimaged 1 d, 2 d, and 5–7 d later.
No evidence of phototoxicity was observed. Explants were fixed in 2.5%
paraformaldehyde at 17–18 DIV.

In vitro kainic acid treatment. On the day of neuron selection (6 –7
DIV), explants containing one or more granule cells meeting selection
criteria were randomly assigned to either kainic acid treatment or vehicle
control. For treatment, explants were transferred to new dishes contain-
ing either 5 �M kainic acid (Sigma Aldrich) dissolved in Stoppini me-
dium (Stoppini et al., 1991) or vehicle (Stoppini medium alone) for 6 h.
After 6 h, explants were returned to their original dishes containing
conditioned Stoppini medium, and were then transferred to fresh me-
dium 1 h later.

Analysis of confocal time series. Granule cell primary dendrite segment
length was quantified from confocal image stacks imported into Neuro-
lucida software (version 7.50.4; MicroBrightField). Granule cell layer
dispersion in explants was measured using Leica Application Suite soft-
ware (1.7.0 build 1240). Briefly, for the first and last images in a time
series, a box was drawn with 3–5 granule cells serving as “corners.” Cor-
ner granule cells were selected from both the inner and outer granule cell
layer, so that any spreading of the granule cell layer would be evident as
an increase in the box’s size. Percentage change was defined as follows:
(initial area � final area)/initial area. Notably, this approach does not
rely on the assumption that the position of any particular cell is constant
over time. Dispersion analyses were conducted on all explants containing
morphologically stable granule cells and on all explants exhibiting the
formation of a recurrent basal dendrite or a novel primary dendrite.
Explants that did not contain at least three “corner” granule cells, how-
ever, were excluded from this analysis.
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Double labeling of YFP-expressing granule cells
with neuronal age markers. Seventeen cultures
(n�17) from seven Thy1-YFP mice were fixed in
2.5% paraformaldehyde after 7 DIV and immu-
nostained for calretinin (1:1000, MAB1568, Mil-
lipore, n � 5), calbindin (1:500, C9848, Sigma-
Aldrich, n � 6), or NeuN (1:200 MAB377,
Millipore, n � 6). Primary antibodies were visu-
alized using AlexaFluor 647 donkey anti-mouse
secondary antibodies (1:750, Invitrogen). Ran-
domly selected YFP-expressing neurons were
scored for the presence or absence of each
marker.

Intrahippocampal kainic acid injection to in-
duce granule cell dispersion in vivo. Ten-week-
old male mice were used for intrahippocampal
kainic acid (IHp-KA) injection experiments
using established procedures (Bouilleret et al.,
1999). Briefly, 60 –70 nl of a 20 mM solution of
kainic acid in 0.9% sterile NaCl (1.2–1.4 nmol
of kainic acid) was injected into the right dorsal
hippocampus of each animal (1.6 mm poste-
rior and 1.6 mm lateral to bregma, 2.0 mm
below dura). Upon recovering from anesthe-
sia, mice were monitored for 8 –10 h for behav-
ioral seizure activity, which was characterized
by mild clonic movements of the forelimbs, ro-
tations, and immobility. One (n � 4) and two
(n � 8) weeks after IHp-KA injection, mice
were perfused with 2.5% paraformaldehyde.
Uninjected age-matched mice (n � 10) were
used as naive controls. Control animals were
not surgically manipulated to avoid inadver-
tently disrupting granule cells by trauma alone.

Quantification of dispersed cells in the IHp-KA
model. Brain sections between bregma �1.22
mm and �2.46 mm (Paxinos and Franklin,
2001) were immunostained with the granule
cell marker Prox1 (1:2000, AB5475, Millipore
Bioscience Research Reagents) followed by Al-
exaFluor 647 donkey anti-rabbit secondary an-
tibodies (1:750, Invitrogen). YFP-expressing,
Prox1-immunoreactive cells were scored as ec-
topic if the soma was at least one cell body diameter above the granule cell
layer–molecular layer border. Ectopic cells were further scored for the
presence of recurrent basal dendrites.

Statistics and data analysis. For all analyses, statistical significance was
determined using SigmaStat software (version 11.0). Specific tests were
used as noted in the results. Data are presented as means � SEM.

Figure preparation. Unless otherwise stated, all images are maximum
projections exported as TIFF files and imported into Adobe Photoshop.
Some images were adjusted using Leica morphological erosion filter (ra-
dius � 3; iterations � 1) or deconvolution software, as noted. Brightness
and contrast of digital images were adjusted to optimize cellular detail.
Identical adjustments were made to all images meant for comparison.

Results
Formation of recurrent basal dendrites by relocation of
existing apical dendrites
Analysis of explants paraformaldehyde fixed after 1 week in culture
(7 DIV) revealed that culture preparation alone was sufficient to
drive recurrent basal dendrite formation. In 7 DIV explants, 20.26 �
3.66% of YFP-expressing cells had recurrent dendrites (n � 7 ex-
plants, 136 cells). By contrast, only 2.78 � 2.78% of cells had recur-
rent basal dendrites in age-equivalent (14-d-old) intact control
Thy1-YFP-expressing mice ( p � 0.033, z test).

To reveal the cellular processes underlying recurrent basal
dendrite formation, 27 explants were serially imaged beginning at

6 –7 DIV. Approximately 40 granule cells expressed YFP in each
explant, giving a total of 1030 cells. Forty-three of these cells were
selected for analyses (see Materials and Methods), representing
4.2% of the YFP-expressing cell population. Approximately half
of these cultures were also treated with the excitotoxin kainic
acid, but as this produced no significant increase in recurrent
basal dendrite formation over culture preparation alone (supple-
mental Table 1, available at www.jneurosci.org as supplemental
material), data from all cultures were pooled.

Eight of the forty-three (18.6%) granule cells examined devel-
oped recurrent basal dendrites during the imaging period, reveal-
ing for the first time the cellular processes by which this pathology
develops. Surprisingly, recurrent basal dendrites were not formed
by growth of new dendritic processes from the basal pole of the
cell (in fact, no examples of dendritic growth were observed).
Rather, existing apical dendrites were observed to shift positions
from the apical to the basal pole of the cell (Fig. 1), indicating—
quite unexpectedly—that even though these cells are fully differ-
entiated, dendritic origins are not stable relative to the cell body.

Conversion of dendritic branches into primary dendrites
A second, entirely novel, form of neuronal plasticity observed was
the conversion of dendritic branches into primary dendrites. Spe-
cifically, secondary dendritic branches moved onto the cell body,

Figure 1. Serial confocal maximum projections of YFP-expressing granule cells showing conversion of apical dendrites into
recurrent basal dendrites. a– d, Images taken over 1 week show the formation of a recurrent basal dendrite at 10 DIV (white
arrow). Blue circles denote the distance between the origin and the first branch point on adjacent dendrites (the primary dendritic
segment). Note the contraction of this distance over the course of the experiment. e– h, Images of an initially normal dentate
granule cell that develops two recurrent basal dendrites at 13 DIV. i–l, Images of the granule cell layer containing the cell shown in
e– h (purple arrow). Note the simultaneous appearance of recurrent basal dendrites in e– h and granule cell dispersion in i–l. The
vertical white bar shows movement of the cell of interest away from an initially adjacent cell. Scale bars: a– d, 10 �m; e– h, 50
�m; i–l, 100 �m.
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such that they now became, by definition, primary dendrites (Fig.
2a– c). In the most extreme example observed, a secondary den-
dritic branch moved its origin to the cell body and existed as a
primary dendrite for several days (Fig. 2d–i). Following swelling
and contraction of the cell body, this dendritic branch—now
primary dendrite—moved back into position as a dendritic
branch, but on a different dendrite. Branch-to-dendrite conver-
sion was observed on 10 of 43 (23.3%) granule cells (two of these
cells also developed recurrent basal dendrites).

Somatic translocation contributes to
dendritic dysmorphogenesis
Careful examination of serial images revealed that, as an apical
dendrite shifted to the basal pole of the cell, the primary dendritic
segment (the segment between the soma and the first branch point)

of an adjacent apical dendrite frequently de-
creased in length (Fig. 1). To quantify this
effect, changes in segment length were de-
termined for the 16 cells exhibiting basal
dendrite formation, branch point absorp-
tion, or both. Eleven of these cells showed
clear decreases in segment length, support-
ing the conclusion that somatic transloca-
tion accounts for the observed dendritic
changes.

Based on these measurements, we were
able to determine the total movement of
the soma over the observation period, the
average speed of movement, and the max-
imum speed. The 11 cells exhibiting clear
movement shifted their somata on aver-
age 11.04 � 1.47 �m toward the molecu-
lar layer, with the maximum movement
observed being 20.45 �m. Average speed
of movement for these cells was 2.20 �
0.24 �m/d, although somatic movement
tended to occur in spurts, with a maxi-
mum speed observed of 9.6 �m/d. It is
unclear how dendritic changes developed
in the five cells that did not show obvious
somatic translocation (including the cell
depicted in Fig. 2d–i). In some cases, the
soma appeared to move first toward one

dendrite, and then another, complicating interpretation; but the
possibility that mechanisms apart from somatic translocation ac-
count for some plastic changes should not be discounted.

Granule cell dysmorphogenesis is correlated with cell
layer dispersion
Evidence of somatic translocation in the present study raises the
possibility that this phenomenon may contribute to granule cell
layer dispersion. Dispersion of cell body layers is typical of orga-
notypic hippocampal explants, as cultures thin and spread during
the incubation period. To determine whether dendritic dysmor-
phogenesis was correlated with granule cell dispersion, disper-
sion in explants containing the most stable granule cells (n � 10)
(supplemental Fig. 1, available at www.jneurosci.org as supple-

Figure 2. a– c, Serial confocal maximum projections of a YFP-expressing dentate granule cell exhibiting conversion of a dendritic branch to a primary dendrite. Images taken over 6 d exhibit the
translocation of a dendritic branch (blue arrow) to the cell body at 9 DIV, thus converting it to a primary dendrite. Blue circles denote the length of the primary dendritic segment. Scale bar, 50 �m.
d–i, Deconvolved confocal images showing the conversion of a dendritic branch (blue arrow) to a primary dendrite at 8 DIV. Following hypertrophy of the cell body on 12 DIV, the previous dendritic
branch—now primary dendrite—proceeds to move back into position as a dendritic branch, this time, however, on a different dendrite. Scale bar, 25 �m.

Figure 3. Granule cell dispersion induced by intrahippocampal injection of kainic acid. Confocal maximum projections illustrat-
ing the location of the granule cell layer (GCL), inner molecular layer (IML), and outer two-thirds of the molecular layer
(MML�OML) in a control mouse (a), 1wk-IHpKA mouse (b), and 2wk-IHpKA mouse (c). Note the greater numbers of ectopic
granule cells in the inner (white arrows) and outer (light blue arrows) two-thirds of the dentate molecular layers in the ipsilateral
hemisphere of a 2wk-IHpKA mouse. Scale bar, 30 �m. d–f, Examples of YFP-expressing dentate granule cells with recurrent basal
dendrites (white arrowheads) from the ipsilateral hemisphere of IHpKA mice. Granule cells are located in the molecular layer of the
dentate gyrus. The insets in d–f are optical sections through the granule cell soma showing the colocalization of YFP (d-i, e-i, f-i)
and Prox1 (d-ii, e-ii, f-ii). Scale bars: d, e, (in e), 20 �m; f, 20 �m.
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mental material) was compared to explants containing cells that
exhibited the most dramatic changes (n � 11). The latter dis-
played significantly more dispersion relative to explants contain-
ing stable cells (percentage change for explants with disrupted
cells, 27.0 � 16.3%; stable cells �3.9 � 2.6%; p � 0.007, Mann–
Whitney rank-sum test).

Granule cell dysmorphogenesis does not reflect acute
cellular degeneration
Cultures were maintained for at least 3 d after the last live-
imaging session to ensure that the plastic changes described here
did not reflect terminal degenerative changes. Serial-imaging
data revealed a characteristic pattern of granule cell death. Dying
cells first exhibited dendritic beading and a diminution of the
YFP signal, followed by disintegration of the cell into a series of
disconnected YFP-containing compartments (supplemental Fig.
2, available at www.jneurosci.org as supplemental material). This
process occurred rapidly, often leaving no evidence of the cell
within 24 h. Granule cells appearing to be in any stage of this
process at the end of the experiment (3–5 d after the last imaging
session) were excluded from the study.

Granule cells exhibiting plastic changes are
fully differentiated
A subset of explant cultures was immunostained after 7 DIV to
assess the developmental stage of YFP-expressing cells. Cultures
were immunostained with calretinin, a marker of early postmi-
totic granule cells; NeuN, a postmitotic neuronal marker; and
calbindin, a marker of fully differentiated granule cells [for re-
view of granule cell markers, see Zhao et al. (2008)]. At 7 DIV, 5 of
138 YFP cells (3.62%) colocalized calretinin, 127 of 130 YFP cells
(97.69%) colocalized NeuN, and 182 of 202 YFP cells (90.09%)
colocalized calbindin (supplemental Fig. 3, available at www.
jneurosci.org as supplemental material). Morphologically, YFP-
labeled cells appeared mature, exhibiting spine-coated dendrites
projecting to the hippocampal fissure, somata located through-
out the granule cell layer, and axons projecting into the hilus and
stratum lucidum. Hilar basal dendrites were absent, as is typical
for mature, but not immature, granule cells (Jones et al., 2003;
Shapiro and Ribak, 2005).

Migration of granule cells and recurrent basal dendrite
formation occur in vivo
The present study suggests that granule cell dispersion occurs follow-
ing migration of the soma up a leading apical dendrite, which in turn
leads to the formation of recurrent basal dendrites. If correct, granule
cell dispersion and recurrent basal dendrite formation should occur
in synchrony. To test this prediction, and to explore the cellular
mechanisms by which recurrent basal dendrites form in vivo, we
used the intrahippocampal kainic acid injection model of epilepsy
(IHp-KA). In this model, kainic acid is injected unilaterally into the
hippocampus, leading to status epilepticus, epileptogenesis, and
granule cell dispersion.

Measures of granule cell dispersion focused on cells located in
the dentate molecular layer, as these cells presumably migrated
the greatest distances to arrive at this location. The number of
granule cells in the molecular layer was significantly increased 1
(1wk-IHpKA) and 2 (2wk-IHpKA) weeks after IHp-KA (Fig. 3)
(control, 15.6 � 1.4 ectopic cells/dentate; 1wk-IHpKA, 22.5 �
2.4; 2wk-IHpKA, 34.5 � 4.6; ANOVA on ranked data, p � 0.001).
The most parsimonious explanation for the appearance of these
additional cells is that they migrated from the granule cell body
layer to the molecular layer after IHp-KA. We next queried
whether granule cells with recurrent basal dendrites were more
common in the molecular layer after IHp-KA. The incidence of
granule cells with recurrent basal dendrites (Fig. 3d–f) was in-
creased 1 ( p � 0.025) and 2 ( p � 0.035) weeks after IHp-KA
relative to controls (control, 0.75 � 0.29 ectopic cells with recur-
rent basal dendrites/dentate; 1wk-IHpKA, 3.25 � 0.85; 2wk-
IHpKA, 3.25 � 1.07, ANOVA on ranked data, p � 0.034).
Interestingly, between 1 and 2 weeks, the number of cells with
recurrent dendrites was stable, although whether this reflects dif-
ferent mechanisms of cell movement, partial recovery of neuro-
nal structure (see Fig. 1c,d), neuronal loss, or other factors is not
clear. Importantly, the data demonstrate a positive association
between aberrant granule cell migration into the dentate molec-
ular layer and formation of recurrent basal dendrites in the intact
brain.

Discussion
Dysmorphic neurons are present in the dentate gyrus of epileptic
animals and humans; however, the neuroplastic mechanisms by
which these pathologies develop remain unclear. Here, using
real-time imaging of living granule cells in organotypic cultures,
we demonstrate that fully differentiated granule cells with ini-

Figure 4. Model depicting granule cell dysmorphogenesis following somatic translocation
into an apical dendrite. a, As the soma moves into the initial segment of the left apical dendrite
(1), the right apical dendrite is “left behind,” gradually shifting its position from the apical to the
basal pole of the cell (2). Continuation of this process leads to a shortening of the initial dendritic
segment on the left (3), and conversion of the right apical dendrite into a recurrent basal
dendrite (4). In extreme cases, further migration of the soma leads to the absorption of branch
points, converting these structures into primary dendrites (5), and the formation of dendritic
loops projecting toward the hilus (6). b, An example of a granule cell exhibiting a recurrent basal
dendrite with a pronounced dendritic loop and an unusually large number of apical dendrites,
the putative end product of the processes outlined in a. Note that the axon (white arrowhead)
projects off the base of the dendritic loop, suggesting that this was the original location of the
cell body. Scale bar, 50 �m.
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tially normal morphologies can contort over a period of days,
producing dysmorphic neurons remarkably similar to those ob-
served in patients with epilepsy (Scheibel and Scheibel, 1973; von
Campe et al., 1997; da Silva et al., 2006). Surprisingly, the process
by which these changes evolve revealed two novel forms of neu-
ronal plasticity. First, apical dendrites were observed to shift their
origins to the basal pole of the cell. Second, absorption of den-
dritic branch points by the soma was observed, converting these
dendritic branches into primary apical dendrites. Intriguingly,
these plastic changes occurred in synchrony with a shortening of
apical dendrite initial segments and dispersion of the granule cell
layer, suggesting that they were a consequence of somatic move-
ment up a leading apical process. To test this prediction, and to
explore the cellular mechanisms by which recurrent basal den-
drites form in vivo, we used the IHp-KA model of epilepsy. While
any effect of in vitro KA (supplemental Table 1, available at www.
jneurosci.org as supplemental material) was likely occluded by
the ability of explant preparation alone to induce granule cell
dispersion, in vivo KA produced robust granule cell dispersion
relative to controls. Morphological analysis of dispersed cells,
which moved into the dentate molecular layer, revealed that they
exhibited the same types of dendritic anomalies observed evolv-
ing in vitro. This suggests that they also migrated to their new
positions by somatic movement up a leading apical process.

Somatic translocation leads to granule cell dispersion and
dendritic dysmorphogenesis
In the present study, apical dendrites shifted to the basal pole of
the cell, dendritic branches became apical dendrites, and granule
cell bodies moved radially away from each other. One phenom-
enon that could account for all these plastic changes is transloca-
tion of the granule cell soma into an apical dendrite. In the model
depicted in Figure 4, somatic translocation would lead to the
shortening of dendritic initial segments, and in extreme cases,
branch point absorption. Continued movement of the soma up
an apical dendrite would gradually shift adjacent dendrites that
are “left behind” to the basal pole of the cell, while simultaneously
displacing the soma into the dentate molecular layer. No other
single cellular process can account for all of these plastic changes,
leading us to conclude that some form of somatic translocation is
occurring.

Somatic translocation of fully differentiated neurons
Somatic translocation is a principal migratory mechanism of the
developing CNS and occurs when the nucleus and perisomatic
cytoplasm are displaced into a leading process (Rakic, 1972, Mé-
tin et al., 2008). Typically, only immature neurons migrate. YFP-
expressing granule cells in the present study, however, were fully
differentiated, corresponding to stage 6 of neuronal development
in adult mammals (supplemental Fig. 3, available at www.
jneurosci.org as supplemental material) (Kempermann et al.,
2004). Somatic translocation has not been previously described
among fully differentiated granule cells. It is clear, however, that
they can shift position in vivo. Previous studies using the IHp-KA
model of epilepsy have revealed that movement of mature gran-
ule cells underlies dispersion into the dentate molecular layer
(Heinrich et al., 2006; Nitta et al., 2008). By contrast, accumula-
tion of ectopic granule cells in the dentate hilus results from the
aberrant migration of immature granule cells (Walter et al.,
2007). These cells do not express YFP in the Thy1 line used here,
and no YFP-expressing cells were observed moving into the hilus,
consistent with findings that only immature cells migrate in this
direction. Although unusual, migration of differentiated neurons

is not entirely unprecedented, with the demonstration by Mo-
rozov et al. (2006) that a class of hippocampal interneuron can
migrate while maintaining previously generated synaptic
connections.

Possible mechanisms of somatic translocation
Cell movement during neuronal migration is a three-step pro-
cess, beginning with the extension of a leading process, followed
by somatic translocation into that process and ending with re-
traction of the trailing process (Marín et al., 2010). In this con-
text, the movement observed here is atypical. Movement of the
soma is apparent, but extension of a leading process is lacking,
and there is a clear failure to retract the trailing process (Fig. 4b).
These observations suggest that movement of differentiated
granule cells relies solely on nucleokinesis. This incomplete acti-
vation of cell migratory process may account for the slow rate of
movement observed in the present study (tens of micrometers
per day) relative to normal cell migration (tens of micrometers
per hour).

In perhaps the best described mechanism of nucleokinesis, the
centrosome and Golgi apparatus take position in the leading pro-
cess ahead of the nucleus. The centrosome remains connected to
a microtubule cage surrounding the nucleus, and microtubule-
based motor proteins are able to pull the perinuclear cage for-
ward (Métin et al., 2008). The centrosome’s placement in the
leading process creates a swelling visible with light microscopy.
Although convincing evidence for such swellings was not present
in our images, these swellings can appear and disappear in min-
utes, and would be difficult to capture reliably without virtually
continuous monitoring.

Nuclear movement can also be driven by actin and myosin II
dynamics, creating both pushing and pulling forces. Studies of
cerebellar granule cells by He et al. (2010) found pulling forces to
be dependent on F-actin dynamics in the leading process— evi-
dent microscopically as a motile growth cone-like structure. Such
structures, however, were not observed here, implying that pull-
ing forces, if operative, act by other mechanisms. Pushing forces,
on the other hand, can be generated by actomyosin contraction at
the rear of the cell (Martini and Valdeolmillos, 2010). Indeed,
pushing forces, acting in the absence of directional pulling forces,
might account for the slow rate of movement and the apparent
“indecisiveness” of some somas, which migrated first toward one
dendrite and then another. Whether these speculations are cor-
rect or not remains to be determined, but clearly studies of actin
and microtubule dynamics will be important avenues to address
with respect to granule cell dispersion and dendritic remodeling
in the hippocampus.
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