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Brief Communications

Deficiency of the Microglial Receptor CX3CR1 Impairs
Postnatal Functional Development of Thalamocortical

Synapses in the Barrel Cortex

Maki Hoshiko,">*** Isabelle Arnoux,">** Elena Avignone,'->*> Nobuhiko Yamamoto,* and Etienne Audinat'>>

'nstitut National de la Santé et de la Recherche Médicale, U603, 75006 Paris, France, 2Centre National de la Recherche Scientifique (CNRS) UMR 8154, 75006 Paris,
France, *Laboratoire de Neurophysiologie et Nouvelles Microscopies, Paris Descartes University, 75006 Paris, France, “Graduate School of Frontier Biosciences,
Osaka University, Suita, Osaka 565-0871, Japan, and >Interdisciplinary Institute for Neuroscience, CNRS UMR 5297, Bordeaux University, 33077 Bordeaux, France

Accumulative evidence indicates that microglial cells influence the normal development of brain synapses. Yet, the mechanisms by which
these immune cells target maturating synapses and influence their functional development at early postnatal stages remain poorly
understood. Here, we analyzed the role of CX3CR1, a microglial receptor activated by the neuronal chemokine CX3CL1 (or fractalkine)
which controls key functions of microglial cells. In the whisker-related barrel field of the mouse somatosensory cortex, we show that the
recruitment of microglia to the sites where developing thalamocortical synapses are concentrated (i.e., the barrel centers) occurs only
after postnatal day 5 and is controlled by the fractalkine/CX3CR1 signaling pathway. Indeed, at this developmental stage fractalkine is
overexpressed within the barrels and CX3CR1 deficiency delays microglial cell recruitment into the barrel centers. Functional analysis of
thalamocortical synapses shows that CX3CR1 deficiency also delays the functional maturation of postsynaptic glutamate receptors which
normally occurs at these synapses between the first and second postnatal week. These results show that reciprocal interactions between
neurons and microglial cells control the functional maturation of cortical synapses.

Introduction

Microglial cells (MGCs) derive from myeloid progenitors born in
the yolk sac and colonize the CNS during embryonic and early
postnatal life (Pont-Lezica et al., 2011). Accumulating evidence
indicates that, in addition to their roles in CNS diseases, MGCs
also influence brain development. In humans, description of the
spatiotemporal organization of microglia in the embryonic and
fetal CNS suggests that these cells play active roles in develop-
mental processes (Verney et al., 2010). In rodents, experimental
evidence shows that MGCs contribute to developmentally regu-
lated neuronal apoptosis but also to synapse pruning (Mallat et
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al., 2005; Pont-Lezica et al., 2011; Schlegelmilch et al., 2011;
Tremblay et al., 2011).

In the diseased adult CNS, several signaling pathways control
the recruitment of microglia at sites of compromised homeosta-
sis (Hanisch and Kettenmann, 2007; Ransohoff and Perry, 2009).
During normal CNS development, the signaling mechanisms by
which MGCs reach and influence their neuronal targets at the
right time remain poorly understood. Fractalkine (or CX3CL1) is
one of the signaling molecules which can instruct microglia on
neuronal and synaptic maturation. This chemokine is expressed
by neurons; its receptor CX3CR1 is only expressed by MGCs and
controls their migration and functions (Harrison et al., 1998;
Maciejewski-Lenoir et al., 1999; Cardona et al., 2006; Ruitenberg
et al., 2008; Liang et al., 2009; Paolicelli et al., 2011). To explore
further the role of MGCs on neuronal network maturation, we
analyzed the impact of CX3CR1 deficiency on the development
of the barrel field of the mouse somatosensory cortex. Indeed, the
structural and functional development of the whisker pad repre-
sentation in layer 4 of the cortex follows a precise and well docu-
mented pattern. Briefly, the first barrel-like structures emerge at
postnatal day 4 (P4) from the convergence of thalamocortical
axons (TCAs) conveying information from a single whisker and
terminating in cortical layer 4. This initial step is followed by the
aggregation of layer 4 neuronal cell bodies in the barrel walls
around TCA clusters and the reorientation of their dendrites to-
ward the barrel centers. In parallel, several functional parameters
of thalamocortical synapses evolve between P4 and the end of the
second postnatal week (Lopez-Bendito and Molnér, 2003; Daw et
al., 2007; Inan and Crair, 2007). We reasoned that this precise
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spatiotemporal pattern of development should help deciphering
the roles of MGCs in neuronal circuit development. We found
that the fractalkine/CX3CR1 signaling pathway controls MGC
entry into the barrel centers and the proper functional matura-
tion of thalamocortical synapses.

Materials and Methods

Animals. All experiments followed European Union and institutional
guidelines for the care and use of laboratory animals (council directive
86/609EEC). In few experiments heterozygous CX3CR1 */*S*F mice of
either sex were obtained by crossing CX3CR1 *“"*/¢GFP (Jung et al., 2000)
with wild-type C57BL/6] mice (Janvier). However, most experiments
were performed on homozygous (i.e., knock-out) and heterozygous
animals from same littermates by crossing CX3CR1°CFP/¢SFFP and
CX3CR1 */*S*¥ mice. Mice were genotyped using the primers 5'-TTCA
CGTTCGGTCTGGTGGG-3'; 5'-GATCACTCTCGGCATGGACG-3’
and 5'-TTCACGTTCGGTCTGGTGGG-3'; 5'-GGTTCCTAGTGGAG
CTAGGG-3") producing 970- and 1010-bp-long fragments for wild-type
and mutant alleles, respectively.

Immunohistochemistry. Urethane (2 g/kg)-anesthetized mice were per-
fused transcardially with 4% paraformaldehyde in 0.1 M phosphate buf-
fer, followed by overnight fixation of the brains (flattened for tangential
sections). Fifty-micrometer-thick coronal or tangential sections were
preincubated for 1 h at room temperature (RT) in PBS containing 2%
bovine serum albumin (Sigma-Aldrich) and 0.3% Triton X-100 (Sigma-
Aldrich) and then for 48 h at 4°C with primary antibodies against the
serotonin transporter (5-HTT; 1:1000; rabbit polyclonal; Calbiochem),
the glutamate vesicular transporter (VGluT2; 1:1000; guinea pig poly-
clonal; Millipore Bioscience Research Reagents), or the microglia-
specific marker Ibal (1:1000, rabbit polyclonal, Wako Chemicals). After
washing, sections were incubated at RT with secondary antibodies Alexa
Fluor546 (anti-rabbit IgG 1:300; Invitrogen) or Alexa Fluor633 (anti-
guinea pig IgG 1:200; Invitrogen) and with TO-PRO-3 (1:1000; Invitro-
gen). For CX3CL1 immunostaining, sections were incubated for 1 h with
5% normal donkey serum and 0.5% Triton X-100 at RT, then 48 h at 4°C
with CX3CL1 antibodies (1:50; goat polyclonal; R&D Systems). After 5
washes, sections were incubated for 48 h at 4°C with Cy3 (anti-goat IgG
1:200; Millipore Bioscience Research Reagents). Sections were mounted
with Vectashield (Vector Labs).

Quantitative analysis. Image] program was used to analyze confocal
images spanning 30 = 6 wm. We used tangential sections through layer 4
to count the number of microglial cells inside and outside TCA clusters
immunostained for 5-HTT or VGIuT2. The periphery of each barrel was
defined by the borders of the neighboring TCA clusters. The numbers of
MGCs inside and outside TCA clusters were counted. Six barrels of rows
B and C were usually considered for each animal. Data are presented as
mean *= SEM Statistical evaluation was performed with one-way
ANOVA test followed by Mann—Whitney U test (GraphPad InStat).

Electrophysiology. Thalamocortical (TC) slices (400 wm) from P5 to
P33 mice were prepared as previously described (Laurent et al., 2002) in
an ice-cold solution containing (in mm): 215 sucrose, 2.5 KCI, 1.25
NaH,PO,, 26 NaHCO;, 20 glucose, 5 pyruvate, 1 CaCl, and 7 MgCl,,
bubbled with carbogene, pH 7.4, 310 mOsm. Slices were then incubated
for 30—45 min at 33°C, and subsequently maintained at RT (21—24°C)
in a solution containing 126 mm NaCl instead of sucrose, 1 mm MgCl,,
and 2 mm CaCl,. Individual slices were transferred to a recording cham-
ber perfused with the same solution at 4 ml/min at RT. Whole-cell re-
cordings were performed from layer 4 neurons with pipettes (35 M())
filled with a solution containing (in mm): 125 CsMeSO;, 10 HEPES, 10
EGTA, 8 TEA-CI, 54-AP, 0.4 GTP-Na, 4 ATP-Na,, 1 CaCl, and 1 MgCl,
(pH 7.3, 290 mOsm). Biocytin was included in the intracellular solution
in 10 experiments and revealed a typical morphology of layer 4 multipo-
lar spiny stellate cells, i.e., multipolar soma from which extended 3-6
spiny dendrites. Voltage-clamp recordings were performed using an
Axopatch 200B (Molecular Devices). Currents were low-pass filtered at 1
kHz, collected at a frequency 10 kHz, and analyzed off-line using PClamp
9 (Molecular Devices). During recording, the series resistance (R,) was
not compensated and was monitored continuously. Recordings were
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discarded if R, increased by >20%. All potentials were corrected for a
junction potential of —8 mV. Synaptic responses were evoked with a
stainless steel bipolar microelectrode (100 wm tip diameter, 250 uwm
intertip distance; Rhodes Medical Instruments) connected to stimulus
isolation unit (Iso-stim 01D; npi Electronic) and placed in the internal
capsule near the thalamus border. The intensity of stimulation (0.2 ms
and 0.05 Hz) was adjusted according to the protocol of minimal stimu-
lation described by Laurent et al. (2002). The amplitude and time con-
stants of EPSCs were quantified from the average of 15-20 consecutives
responses. EPSC decays were fitted with a double exponential function
[Aexp(t/T,) + A,exp(t/T,)] and the weighted time constant of the decay
was defined as 7y igniea = [71 X A/(A| + A,)] + [1, X A/ (A, + A,)]. To
determine the paired-pulse ratio of TC EPSCs, paired stimulations were
evoked at —70 mV with an interval of 60 ms and the ratio of the second
over the first EPSC was measured on the averaged response. When outward
currents were evoked at 0 mV, gabazine (Gbz; SR-95531; Ascent Scientific)
was added to the bath to inhibit GABA, receptors. The following drugs were
also applied in the perfusion: p-(—)-2-amino-5-phosphonopentanoic acid
(p-AP-5) and 2,3-dioxo-6-nitro-1,2,3,4-tetrahydrobenzo|f]quinoxaline-7-
sulfonamide disodium salt (NBQX; Ascent Scientific) and Ro256981 (Tocris
Bioscience). Values are presented as mean * SEM. Statistical significance
was tested with a Mann—Whitney U test or unpaired ¢ tests (GraphPad In-
Stat). Throughout the text n refers to the number of cells and N to the
number of animals.

Results

Fractalkine/CX3CR1 signaling controls microglial cell entry
into the barrel centers

We first examined the distribution of microglia in layer 4 of the
developing barrel cortex of CX3CR1 */*“** mice in which MGCs
are the only fluorescent cells in the healthy brain (Jung et al,
2000). In tangential sections through layer 4 at P4 and P5, the first
stages at which barrels can be identified (Rebsam et al., 2002), we
observed that MGCs remained mostly outside clusters of TCAs
(Fig. 1A) which occupy the barrel hollows (Fig. 1C). The invasion
of TCA clusters by MGCs started at P6 and became more evident
at P7 (Fig. 1A). The ratio of the number of microglia inside and
outside TCA clusters (I/O ratio) increased progressively between
P5 and P9 (Fig. 1 D) and was closed to unity in the barrel field of
adult mice (0.93 = 0.10; N = 3; P60—P70). A similar develop-
mental pattern was observed in CX3CR1 """ mice with almost no
microglia entering TCA clusters before P6 and an I/O ratio at P7
of 0.39 *= 0.19 (Fig. 1C; N = 3) similar to that observed in
CX3CRI1 "/*“** mice (Fig. 1 D; p = 0.28).

We then tested whether CX3CL1/R1 signaling influences this
precise spatiotemporal distribution of MGCs distribution in the
developing barrel field by analyzing CX3CR1“**/¢¢** mice in
which MGCs do not express functional fractalkine receptors
(Jung et al., 2000). Although MGCs were also distributed around
TCA clusters at P5 (Fig. 1B), there was a significant deficit of
MGCs inside TCA clusters of CX3CR1“**** mjce at P6 and
P7 (Fig. 1B, D). This deficit of MGC entry into the TCA clusters
of CX3CR1“™/¢S*? mice was transient and there was no differ-
ence in the I/O ratio between heterozygous and homozygous
mice at P9 (Fig. 1 D). In contrast with recent observations in
the developing hippocampus (Paolicelli et al., 2011), we did
not observed an overall lower density of MGCs in layer 4 of the
somatosensory cortex of these mice compared with that of
CX3CR1™*“*¥ animals (Fig. 1E,F). This suggests that frac-
talkine favors the recruitment of MGCs at maturating synapses
rather than controls the overall density of these cells in the cortex.
In agreement with this hypothesis, we found that fractalkine im-
munoreactivity labels the barrels of the somatosensory cortex
between P5 and P7 (Fig. 1G; N = 3). Before the formation of the
barrels, at P3, fractalkine immunostaining was more diffuse and
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Figure 1. CX3CL1/R1 signaling controls the entry of microglia into TCA clusters. 4, B, Merge confocal images of tangential
sections through layer 4 showing TCA (red, anti-5-HTT) and fluorescent microglia (green) of the barrel field of P5, P7, and P9
CX3CR1 /¢5FP (4) and CX3CR1 <CFP/e5P (B) mice. €, Confocal images of a tangential section through layer 4 of a P7 (X3CR1 */*
mouse showing microglia (green, anti-lba1), TCAs (red, anti-VGlut2) and nuclei (blue, TO-PRO-3). D, Comparison of the ratio of
microglia number inside and outside TCA clusters in CX3CR1 /<P and CX3CR1 *P/¢SFP mice. *p << 0.02, **p < 0.01 between
CX3CR1 /%P and CX3CR1 /P mice; p << 0.05, *p << 0.07 between P5 and other ages; Mann—Whitney U test. E, Coronal
section of the barrel cortex of a P7 (X3CR1 FP/¢5 ysed to count microglial cells (green) in layer 4 (red, TCAs, anti-5-HTT). F,
Comparable microglia density in layer 4 of (X3CR1 /<67 and (X3CR1 <FP/¢SFP mice (p = 0.44, Mann—Whitney U test). G,
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did not allow the identification of the bar-
rels (N = 2) whereas in the adult cortex
individual cells were immunostained in
all cortical layers (N = 2; Fig. 1G).

Impaired functional maturation of
thalamocortical synapses in CX3CR1
deficient mice

We then asked whether altered MGC
development in the barrel field of
CX3CRI1“FP*CFF mice was associated
with modifications of the functional mat-
uration of thalamocortical synapses. The
proportion of postsynaptic AMPA recep-
tors (AMPARs) increases at these syn-
apses between the first and the second
postnatal week, leading to an increase of
the ratio of AMPAR- to NMDA receptor
(NMDAR)-mediated synaptic currents
(AMPAR/NMDAR ratio) (Daw et al.,
2007; Inan and Crair, 2007). We thus
studied postsynaptic currents evoked by
minimal stimulations of TCAs in layer 4
neurons in thalamocortical acute slices
of the barrel cortex (Fig. 2 A, B; see Ma-
terials and Methods). The peaks of the
fast AMPAR-mediated and of the slow
NMDAR-mediated components of the
EPSCs were measured at holding poten-
tials of =70 mV and +40 mV, respectively
(Fig. 2E). As expected, the AMPAR/
NMDAR ratio gradually increased in
CX3CR1*/*“" mice of P5 (N = 5, the
number of cells # is given in Fig. 2G), P7
(N =10) and P9 (N = 17; Fig. 2 F). At this
latter stage, the AMPAR/NMDAR ratio of
CX3CR1 ¢ mice (0.75 * 0.09) was
not significantly different from that of
CX3CR1™'* mice (0.84 = 0.12;n = 9, 3
animals). In contrast, the AMPAR/
NMDAR ratio at thalamocortical syn-
apses of CX3CR1°“"/*C** mice did not
change significantly over the same devel-
opmental window (Fig. 2F) with mean
values remaining below 0.5 at P5 (N = 3),
P7 (N =5),and P9 (N = 6; Fig. 2G). Con-
sequently, the AMPAR/NMDAR ratio
at P9 was significantly lower in
CX3CR1°C"”/¢* than in CX3CR1 */«¢**
mice (Fig. 2G). The paired-pulse depres-
sion, which reflects mostly presynap-
tic properties, did not differ between
CX3CR1T/<SFP and  CX3CR] CCFP/eGFP
mice over the same developmental win-
dow (Fig. 2C,D; N > 3 animals in each
case).

<«

Postnatal development of (X3CL1 (fractalkine) immunoreac-
tivity in coronal sections of the mouse somatosensory cortex.
Scale bars: A, E, 100 m; €, 50 wm; G, 200 m. Numbers
above bar histograms refer to animal numbers.
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(X3CR1 deficiency impairs the functional maturation of thalamocortical synapses. A, DIC image of a P7 thalamocortical slice with the recording pipette in a barrel and the bipolar

stimulating electrode in the internal capsule. Scale bar, 200 m. B, Peak amplitude of individual (black dots) and mean (white circles) thalamocortical EPSCs plotted as a function of the stimulation
intensity for the determination of the minimal stimulation (22 V in this example). ¢, Same cell as in B, thalamocortical EPSCs evoked by two stimulations for the determination of the paired-pulse
ratio. D, Similar paired-pulse ratios of thalamocortical EPSCs in CX3CR1 /<7 and CX3CR1 ¢F/¢5F miice at P5, P7, and P9. Statistical differences between P5 and other ages within each genotype
are indicated. E, Effect of NBQX and p-AP-5 on thalamocortical EPSCs evoked in a P9 neuron. F, AMPAR- and NMDAR-mediated EPSCs in layer 4 neurons of P5 and P9 (X3CR1 */¢"F and
(X3CR1FP/¢6PP mice. G, Comparison of the AMPAR/NMDAR ratio for P5, P7,and P9 CX3CR1T */#SFF and (X3CR1 **/5FP mice, Fach trace is an average of 1520 individual sweeps. *p < 005, **p <

0.01 (unpaired t test with Welch correction).

Postsynaptic NMDARs at thalamocortical synapses contains
predominantly GluN2B subunits during the first postnatal week
and GluN2A at the end of the second week. To test whether
this developmental maturation process occurs normally in
CX3CR1 CFP/eGFP mice, we estimated the relative contribution of
GluN2B-containing receptors in NMDAR-mediated synaptic
currents of layer 4 neurons of P9—P10 mice by using the GluN2B
selective antagonist Ro256981 (300 nm). The charge of NMDAR-
mediated responses was reduced by 21.48 * 5.38% (N = 7)
and by 44.32 * 5.60% (N = 5) in CX3CR1 7*“*" and in
CX3CRI ““FP/<CFP mjce, respectively (Fig. 3A, B), indicating that
a higher proportion of GluN2B-containing NMDARs were
maintained at maturating synapses of CX3CR1°C**/¢S*? The de-
crease in GluN2B relative contribution during development is

associated with faster kinetics of NMDAR-mediated synaptic
currents (Daw et al., 2007; Inan and Crair, 2007). Accordingly,
the weighted decay time constant of NMDAR-mediated synaptic
currents at thalamocortical synapses of CX3CR1 ™/*“** mice de-
creased from 187.79 * 6.29 ms at P5-P7 (N = 7) to 145.42 *+
12.07 ms at P9-P10 (N = 11; Fig. 3C,D). In contrast, in
CX3CRI ““FP/<GEF mice this decay time constant did not change
between P5 and P7 (198.69 = 22.15 ms; N = 6) and P9 and P10
(197.06 = 15.07 ms; N = 10; p = 0.95; Fig. 3C,D). Consequently,
the decay time constant of NMDAR-mediated synaptic responses
at P9-P10 was slower in CX3CRI1°“*¢S** mice than in
CX3CRI1 */*“** mice (Fig. 3D). Finally, this impairment in syn-
apse functional maturation in CX3CR1°“*™/¢S** mice was only
transient since the decay time constant of NMDAR-mediated
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synaptic currents in P27-P33 animals did A B 6o  HCX3CRT™”
not differ between CX3CR1 */¢“** (N = . 0O Cx3CR1=™
8) and CX3CR1°“""*“* (N = 4) mice 2 50 .
(Fig. 3D) and was similar to that of g Gbz+NBQX _lopa @
CX3CR1 ™" animals (107.71 = 8.23 ms; e, 50ms S a0
n=12;N= 8;1.7 > (0.5, unpaired ¢ test with o Gbz+NBQX+R0256981 z
Welch correction). Overall, our results % 30 |
show that CX3CR1 deficiency induced a . s
transient impairment in the maturation g 5 20 |
of glutamate receptor functional ex- g &
pression at thalamocortical synapses of x Gbz+NBQX 1rﬁlm250 pA 101
layer 4 neurons. @ 8|5
X o w 0
. . o Gbz+NBQX+R0256981 P9-P10

Discussion
Although macrophages are kngwn to in- C —P5 — P10 D I —
fluence the development of peripheral or- B 250 N —
gans, the idea that brain r651d.ent ‘E = LY
macrophages could play a role during g £200 _l, _1_
CNS development is relatively new 5 = B
(Erblich et al., 2011; Pont-Lezica et al., B e
2011; Schlegelmilch et al., 2011). Our 8
analysis of the developing barrel cortex . g

eGFP/eGFP . . . & += 100
of CX3CR1°*""**"" mice indicates that 2 hi
fractalkine signaling controls the re- %—ﬁ %
cruitment of MGCs at maturating syn- S [ 50
apse sites and thf:.lt, in turn, MGCS S . . o
influence the functional maturation of [ 0 .

thalamocortical synapses.

The striking distribution of MGCs
around TCA clusters until P5 is in marked
contrast with their homogeneous distri-
bution in the cortex of adult animals. It
resembles that of microglia around glom-
eruli of the developing olfactory bulb
(Fiske and Brunjes, 2000) and indicates
that MGC colonization of layer 4 does not
proceed randomly. The reasons why MGCs refrain from entering
the barrel hollows before P6 remain to be identified but clearly
fractalkine signaling does not control this initial step. Indeed,
CX3CRI1 deficiency does not affect the initial distribution of
MGCs around TCA clusters. Surprisingly, despite the fact that
MGC entry within TCA clusters is delayed by 2 d in CX3CR1 *¢**/
<Grp mice, the overall number of MGCs present in layer 4 at P7 is
not different from that observed in CX3CR1 */*“** mice in which
MGC:s have already invaded TCA clusters at this stage. These
results are in apparent contradiction with those of Paolicelli et al.
(2011) indicating that fractalkine regulates the overall number of
MGC:s colonizing the hippocampus. Our results support a more
local role of fractalkine in which cellular elements localized
within the barrel hollows, possibly thalamic fibers, overexpress
the chemokine at P5-P7 and thus favor directed migration of
microglia (Harrison et al., 1998; Maciejewski-Lenoir et al., 1999)
toward maturating thalamocortical synapses.

Impairment of the AMPAR/NMDAR ratio and of the
GluN2B-to-GluN2A developmental switch as those described
here during postnatal development of CX3CR1“™/¢G*P mjce
have also been reported in the hippocampus of mice deficient for
the microglial immunoreceptor adaptor DAP12 (Roumier et al.,
2004). In these mice, however, this modification which results
from a transient impairment of microglia-neuron interactions
during embryonic life is observed at excitatory synapses of
mature animals (Roumier et al., 2008). In contrast, we show here
that the kinetics of NMDAR-mediated synaptic responses in

Figure 3.

P5-P7 P9-P10 P27-P33

100 ms

(X3CR1 deficiency impairs the GluN2B to GIuN2A developmental switch occurring at thalamocortical synapses be-
tween the first and second postnatal week. A, Effect of 300 nm Ro256981 on averaged (15—20 sweeps) NMDAR-mediated EPSCs in
P10 neurons of CX3CRT /¢ (upper traces) and CX3CR1F/¢5F (lower traces) mice. B, Summary of R0256981 effects on
NMDAR-mediated current charges for P9 —P10 neurons. C, Normalized average traces of NMDAR-mediated currents recorded in
layer 4 neurons of P5 (black) and P10 (red) of CX3CR1 /<P (uppertraces) and CX3CR1 7<% (lower traces) mice. D, Comparison
of the weighted decay time constant in P5—P7, P9—P10, and adult CX3CR1 /<P and CX3CR1 ¢SF/¢5FP mice, *p < 0.05, **p <
0.01,%**p < 0.001 (unpaired ¢ test with Welch correction).

adult CX3CR1 ““™/¢G™ mice do not differ from those of control
mice. Thus, transient impairment in NMDAR maturation seems
to results from the transient delayed in MGCs recruitment at
thalamocortical synaptic sites. A first hypothesis to explain this
observation would be that MGCs, once inside TCA clusters,
could contribute to the selection of synapses with a mature sig-
nature of their glutamate receptors (Yashiro and Philpot, 2008)
by pruning immature synapses through phagocytosis (Paolicelli
etal,, 2011) in a complement-dependent manner (Schafer et al.,
2012). Alternatively, signaling molecules such as interleurkin-1p,
tumor necrosis factor-a or brain-derived neurotrophic factor,
known to be released by microglia, can modulate the expression
and the function of glutamate receptors (Beattie et al., 2002;
Chao, 2003; Zhang et al., 2010; Zhong et al., 2010). They could
therefore influence, directly or indirectly, the functional proper-
ties of thalamocortical synapses during development by control-
ling the expression, targeting, mobility or degradation of
glutamate receptors. Several studies on adult rodents have re-
ported that CX3CL1/R1 signaling, probably by controlling the
activation state of MGCs, has an impact on functional properties
and plasticity of hippocampal glutamate synapses (Ragozzino et
al., 2006; Maggi et al., 2011; Rogers et al., 2011). Further studies
are thus needed to test whether properties of thalamocortical
synapses other than those tested here, such as long-term poten-
tiation, are also controlled by CX3CL1/R1 signaling. Finally,
MGC:s probably also influence other aspects of barrel maturation
such as the rearrangement of dendrites of layer 4 cells and the
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removal of subplate cell neurites which occurs at the end of the
first postnatal week (Hoerder-Suabedissen and Molnar, 2012).
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