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Proper synaptic pruning is essential for the development of functional neural circuits. Impairments in
synaptic pruning disrupt the excitatory versus inhibitory balance (E/I balance) of synapses, which may
cause neurodevelopmental disorders such as autism spectrum disorder (ASD). Recent studies have deter-
mined molecular mechanisms by which microglia, the brain’s resident immune cells, engulfinappropriate
and less active synapses. Thus, microglial dysfunction may be involved in the pathogenesis of ASD through
attenuated or excess synaptic pruning. In this review, we discuss recent animal and human studies that
report an E/I imbalance and the characteristics of microglia in ASD. We will further discuss whether and
how synaptic pruning by microglia is involved in the pathogenesis of ASD.

© 2015 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
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1. Introduction

Microglia are resident immune cells with the phagocytic capac-
ity to engulf dead cells and cell debris during inflammation in the
brain. Microglia had long been believed to derive from peripheral
macrophages that enter the brain after birth. However, it is now
known that microglia develop from erythromyeloid progenitors in
the early embryonic yolk sac and migrate into the brain, where
they reside for life, most likely sustaining the microglial population.
Recent studies have demonstrated that microglia play an important
role not only during inflammation but also in the healthy brain.
For example, microglia preferentially engulf weak or less active
synapses, contributing to the development of refined functional
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neural circuits with strong or more active synapses (Schafer et al.,
2012; Paolicelli et al., 2011).

In mouse models of obsessive-compulsive disorder (Chen et al.,
2010) and Rett syndrome (Derecki et al., 2012), disorders that
exhibit behavioral phenotypes similar in part to autism spectrum
disorder (ASD), deficits in synaptic pruning have been reported.
Both attenuated and excess synaptic pruning by microglia could
impair the brain’s excitatory versus inhibitory (E/I) balance. An
impairment in synapse E/lI balance has been suggested as a
common mechanism underlying several neurodevelopmental dis-
orders, including ASD, epilepsy, Rett syndrome, and Fragile X
syndrome (Gatto and Broadie, 2010). Furthermore, the risk genes
for ASD include a number of synapse-related genes, such as mem-
bers of the neuroligin and neurexin families, synaptic adhesion
molecules whose expression is significantly upregulated during the
perinatal period, suggesting that defects in synapse formation are
likely involved in the pathogenesis of ASD (State and Sestan, 2012).

Recently, interesting evidence linking reduced synaptic pruning
during development to ASD has been reported (Tang et al., 2014).

0168-0102/© 2015 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
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The authors found that dendritic spine density was increased in
postmortem ASD specimens in layer V pyramidal neurons in the
superior middle temporal lobe, Brodmann Area 21 - a region impli-
cated in ASD due to its participation in the brain networks involved
in social interaction and communication. The authors categorized
ASD patients by age into 2-9 years old (children) and 13-19 years
old (adolescents) and found that the spine density in the child-
hood ASD group was comparable to that of an age-matched control
group, while the spine density in the adolescent ASD group was sig-
nificantly higher than that in the age-matched control group. These
results suggested that the developmental pruning of excitatory
synapses was attenuated in ASD patients; however, the involve-
ment of microglia was not investigated in this study. It is of interest
to determine whether and how impairments in synaptic pruning
are a primary cause of ASD and whether attenuated or enhanced
synapse engulfment by microglia is involved in this process.

1.1. The disruption of synapse E/I balance in ASD

Neural circuits mature through synapse formation, pruning, and
maturation. These synaptogenic processes are fundamental for the
development of proper E/I balance in the brain. In ASD patients,
the disruption of synapse E/I balance, especially an increased ratio
of E/I, has been suggested as a leading cause for classical hallmark
phenotypes in ASD, including fundamental impairments in social
interaction and language communication accompanied by highly
restrictive interests and/or repetitive behaviors (Rubenstein and
Merzenich, 2003).

The increased excitation theory is partly supported by a high
comorbidity (10-30%) between ASD and epilepsy that is caused
by synchronized neuronal hyperactivity (Canitano, 2007; Tuchman
et al., 2010). Experimentally, optogenetic activation of excitatory
neurons in the mouse medial prefrontal cortex, a brain region
important for regulating executive functions in social interaction,
resulted in impairments in social behaviors (Yizhar et al., 2011).
In contrast, the activation of inhibitory neurons in the medial pre-
frontal cortex did not affect social behaviors. Mice lacking IRSp53
(insulin receptor substrate protein, 53 kDa), which is an excit-
atory synaptic signaling scaffold protein and is also known as an
ASD risk gene, displayed enhanced NMDA receptor function in
the hippocampus and impaired social interaction and ultrasonic
vocalization-mediated communication (Chung et al.,, 2015). The
social deficits in the IRSp53—/— mice were rescued by an intraperi-
toneal injection of the NMDA antagonist memantine and by the
metabotropic glutamate receptor 5 (mGIluR5) antagonist MPEP.

1.2. The characteristics of microglia in ASD

Before discussing the possible involvement of microglia in
synapse E/I balance in ASD, we will introduce clinical findings on
the characteristics of microglia in ASD patients. Accumulating evi-
dence suggests that microglia are activated in various brain regions,
including the prefrontal cortex, in some ASD patients. Suzuki and
colleagues conducted a positron emission tomography (PET) anal-
ysis of young adult ASD patients (age range 18-31 years) using a
radiotracer that specifically binds to activated microglia (Suzuki
et al,, 2013). The authors defined regional brain radiotracer bind-
ing potential as representative of microglia activation and found
microglial activation in brain regions such as the anterior cingu-
late and the cerebellum, whose dysfunction has been suggested
in ASD. Activation of microglia in living ASD patients (age range
3-10 years) has also been suggested by the marked elevation of
proinflammatory chemokines such as MCP-1 (Monocyte Chemoat-
tractant Protein-1), which is released from activated microglia, in
cerebrospinal fluid (Vargas et al., 2005).

In addition, several postmortem studies have suggested that
the anatomical and morphological characteristics of microglia are
abnormal in the brains of individuals with ASD. The density of
microglia in gray matter but not in white matter of the dorsolat-
eral prefrontal cortex has been shown to significantly increase in
ASD patients compared to control subjects (Morgan et al., 2010).
It is notable that the trend increased with age, which raises the
possibility that microglial activation is a symptom but not a cause
of ASD. Tetreault and others found that the density of microglia
increased significantly in two disparate cortical areas (i.e., fronto-
insular and visual cortex) in individuals with ASD versus controls
(Tetreault et al., 2012), concluding that microglia are present at a
higher density in ASD patients throughout the cerebral and cerebel-
lar cotices in combination with the reports showing the increased
density of microglia in the dorsal lateral prefrontal cortex (Morgan
et al,, 2010) and the cerebellum (Vargas et al., 2005).

The morphology of microglia has also been assessed in post-
mortem studies. In 5 of 13 ASD patients, microglia appeared
markedly activated in the dorsolateral prefrontal cortex accom-
panied by somal enlargement, process retraction and thickening,
and filopodia extension from processes, all indicative of activated
microglia in the immune response (Morgan et al., 2010). It is note-
worthy that the microglial abnormalities were observed in not all
but some of the ASD patients. It is awaited to determine the phe-
notypic characteristics of individuals with ASD who have abnormal
microglia in the brain. An increased interaction between microglia
and neurons has also been suggested in the dorsolateral prefrontal
cortex; microglia are more frequently found near neurons, with
microglial processes encircling neurons, in ASD patients (Morgan
etal.,2012).The authors noted that the increased microglia-neuron
interactions were present from an early age in ASD patients by anal-
ysis of ayoung subject subgroup, which may indicate that an altered
microglia-neuron interaction is a possible cause of ASD.

It is intriguing to clarify whether the microglial abnormali-
ties, including density, function, and morphology, in the restricted
brain regions in each individual with ASD are associated with the
phenotypic heterogeneity of ASD. However, to our knowledge, no
reports have ever investigated these points in detail. Because it
has been suggested that the long-distance functional connectivity
between brain regions is weakened in ASD (Belmonte et al., 2004;
Courchesne and Pierce, 2005; Schipul et al., 2011), the microglial
abnormalities and resulting impairments in synaptic pruning in any
brain regions may induce differences in the behavioral phenotypes
of individuals with ASD.

1.3. Possible roles of microglia in ASD

Recent studies have clarified cellular and molecular mecha-
nisms that regulate synaptic pruning by microglia in the healthy
developing brain: complement-mediated synaptic pruning by
microgliain the visual thalamus (Schaferetal.,2012) and microglia-
dependent synapse elimination in the hippocampus (Paolicelli
et al.,, 2011). In the following section, we will discuss the possible
involvement of complement proteins and microglia in the patho-
genesis of ASD (Fig. 1).

In the developing retinogeniculate system of binocular ani-
mals, dorsal lateral geniculate nucleus (LGN) relay neurons are
initially innervated by multiple RGC (retinal ganglion cell) axons.
Gradually, over the first month of development, the excess or
inappropriate synapses are pruned, and the correct synapses are
strengthened in an activity-dependent manner (Campbell and
Shatz, 1992; Huberman et al., 2008; Sretavan and Shatz, 1986).
One molecular pathway indicated in activity-dependent synaptic
pruning by microglia in the dorsal LGN is the classical complement
cascade (Schafer et al.,, 2012; Stevens et al., 2007). The comple-
ment protein Clq, the initiating protein in this pathway, and the
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Fig. 1. Schematic diagrams showing the possible involvement of microglia in E/I imbalance in ASD. (A) In the healthy developing brain, firstly, excess number of immature
excitatory synapses are formed. Secondly, inappropriate or less active synapses are pruned by microglia. Finally, strong mature synapses are maintained. It has not been
concluded yet whether microglia are in a morphologically “activated” state or not when they engulf synapses in the healthy brain. (B) Hypothesis 1: In the ASD brain, microglia
may fail to detect inappropriate or less active synapses, which results in the maintenance of excess number of excitatory synapses. The maintained excitatory synapses can
be both immature and mature. (C) Hypothesis 2: In the ASD brain, microglia may be over-activated. It would be interesting if there are mechanisms by which over-activated

microglia selectively prune inhibitory synapses.

downstream complement protein C3 opsonize or tag unwanted
cells or debris for removal by phagocytic macrophages via spe-
cific complement receptors. These complement proteins are highly
localized to immature synapses and are required for synaptic prun-
ing in the retinogeniculate system (Stevens et al., 2007). Further,
it was suggested that ‘weaker’ or less active RGC synapses are
tagged by the C3 protein and then detected and pruned by microglia
that express complement receptor 3 (CR3/cd11b) (Schafer et al.,
2012). C1q expression was increased in the peripheral serum of
children with ASD (Corbett et al., 2007), leading us to hypothe-
size that elevated levels of complement proteins in the ASD brain
promote synaptic pruning by microglia. Alternatively, ubiquitously
increased complement proteins may cover the specific localization
of complement proteins on less active synapses, which may pre-
vent the proper pruning of inappropriate synapses by microglia.

Future studies are required to clarify whether and how complement
protein-microglia interactions impair synapse E/I balance.

The role of the hippocampus in ASD is beginning to receive
notice. In the hippocampal CA1 pyramidal neurons of BTBR mice,
a model of idiopathic autism, the frequency of spontaneous
inhibitory postsynaptic currents (IPSCs) was significantly reduced,
while the amplitude and frequency of spontaneous excitatory post-
synaptic currents (EPSCs) were substantially increased compared
with those in control mice (Han et al., 2014). In another possible
model of ASD, rats exposed in utero to valproate, the frequency of
spontaneous EPSCs was increased in CA3 pyramidal neurons when
compared with control rats (Tyzio et al., 2014). When the phos-
phatase Pten (Phosphatase and tensin homolog on chromosome
ten), which is mutated in some ASD patients with macrocephaly
(Conti et al., 2012), was knocked out in dentate granule cells, these
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neurons exhibited hyperactivity accompanied by an increased
number of dendritic spines and excitatory synapses (Williams et al.,
2015). Finally, rats whose ventral hippocampus was lesioned with
ibotenic acid at 7 days old showed impaired social behaviors when
tested at the age of 13 weeks (Becker et al., 1999).

In the CA1 region of the postnatal hippocampus (2-3 weeks)
in mice lacking the fractalkine receptor CX3CR1, the density of
microglia was reduced, which resulted inimpaired pruning of excit-
atory post-synapses on CA1 pyramidal neurons. As a result, the
synaptic maturation of CA1 pyramidal neurons, as indicated by an
increase in the frequency of sEPSCs and the sEPSC/miniature EPSC
ratio, which reflects increased connectivity of afferent synaptic
inputs, was impaired (Paolicelli et al., 2011). Fractalkine, or CX3CL1,
is a chemokine produced by neurons and binds to the CX3CR1
receptor, which is selectively expressed on the surface of microglia
(Ransohoff, 2009) and mediates neuron-microglia interactions
(Paolicelli et al., 2014; Wolf et al., 2013). In CX3CR1 knockout mice,
functional magnetic resonance imaging (fMRI) analysis revealed
that functional connectivity between the hippocampus and pre-
frontal cortex was impaired (Zhan et al., 2014). Importantly, these
mice showed decreased social interactions and increased repetitive
behaviors, phenotypes associated with ASD. These results suggest
that impaired synaptic pruning by microglia in the hippocampus
contributes to the development of ASD. However, it should be noted
that synaptic pruning may be impaired in the brain regions other
than the hippocampus in CX3CR1 knockout mice as it is likely that
all microglia in the brain express CX3CR1 (Harrison et al., 1998;
Jung et al., 2000).

Our group is examining the possible role of the dentate gyrus
subregion of the hippocampus in ASD primarily for the follow-
ing two reasons. First, the dentate gyrus is suggested to regulate
pattern separation, a process by which similar inputs are trans-
formed into less similar outputs, and pattern completion, a process
by which complete stored representations are reconstructed from
partial inputs that are part of the stored representation (Colginetal.,
2008; Sahay et al., 2011). Thus, we hypothesize that deficits in pat-
tern separation and/or pattern completion may result in repetitive
and restricted behaviors observed in individuals with ASD. Second,
the dentate gyrus is one of the rare brain regions where continuous
neurogenesis occurs throughout life. This property would provide
us with the opportunity to increase the activity of adult-born neu-
rons to compete with pre-existing immature synapses formed by
postnatal-born neurons in ASD. The roles of microglia in the devel-
opment and function of dentate gyrus-hippocampal CA3 synapses
in ASD is currently being clarified in our laboratory.

2. Conclusions

Whether and how synaptic pruning by microglia contributes
to the pathogenesis and pathophysiology of ASD remains elusive.
Analysis of postmortem specimens from individuals with ASD have
suggested that microglia are activated in the ASD brain; however, it
remains unclear whether microglia are activated or inactivated in
the early pathogenic process of ASD during postnatal periods when
impaired synaptic pruning may take place.

An association between maternal immune activation (MIA)
and ASD in offspring was reported in human epidemiological
studies (Knuesel et al., 2014) and in animal models of MIA,
in which pregnant mice are subjected to an immune challenge
by injecting either polyinosine:cytosine [poly(I:C)], a synthetic
double-stranded RNA that evokes an antiviral-like immune reac-
tion, or lipopolysaccharide (LPS), which evokes an antibacterial-like
immune reaction. These MIA models will be useful for examin-
ing possible roles of microglia in the pathogenesis of ASD because
the offspring exhibit an array of ASD-like behavioral phenotypes,

including impaired social interactions (Patterson, 2011; Malkova
et al., 2012; Naviaux et al., 2013). Importantly, microglial priming
- the maintenance of an activated state of microglia by MIA in the
offspring - is suggested to play a role in the heightened inflamma-
tory response during postnatal periods (Knuesel et al., 2014) and
may be involved in the pathogenesis of ASD.

Finally, if a microglial deficit in proper synaptic pruning is a
cause of ASD, in particular due to an increased ratio of synapse E/lin
the brain, what are the mechanisms by which microglia preferen-
tially engulf inhibitory synapses? Could the induction of synapse
competition between excess immature synapses and their elimi-
nation by microglia represent a possible therapeutic strategy for
ASD? Future studies are needed to answer these questions.

Acknowledgement

This work was supported by JSPS KAKENHI Grant Numbers
26460094 and 26117504.

References

Becker, A., Grecksch, G., Bernstein, H.G., Hollt, V., Bogerts, B., 1999. Social behaviour
in rats lesioned with ibotenic acid in the hippocampus: quantitative and quali-
tative analysis. Psychopharmacology (Berl) 144, 333-338.

Belmonte, M.K,, Allen, G., Beckel-Mitchener, A., Boulanger, L.M., Carper, R.A., Webb,
S.J., 2004. Autism and abnormal development of brain connectivity. J. Neurosci.
24,9228-9231.

Campbell, G., Shatz, CJ., 1992. Synapses formed by identified retinogeniculate axons
during the segregation of eye input. J. Neurosci. 12, 1847-1858.

Canitano, R., 2007. Epilepsy in autism spectrum disorders. Eur. Child Adolesc. Psy-
chiatry 16, 61-66.

Chen, S.K., Tvrdik, P., Peden, E., Cho, S., Wu, S., Spangrude, G., Capecchi, M.R., 2010.
Hematopoietic origin of pathological grooming in Hoxb8 mutant mice. Cell 141,
775-785.

Chung, W., Choi, S.Y., Lee, E., Park, H., Kang, J., Park, H., Choi, Y., Lee, D., Park, S.G.,
Kim, R., Cho, Y.S., Choi, J., Kim, M.H,, Lee, J.W,, Lee, S., Rhim, L, Jung, M.W., Kim,
D., Bae, Y.C,, Kim, E., 2015. Social deficits in IRSp53 mutant mice improved by
NMDAR and mGIuR5 suppression. Nat. Neurosci. 18, 435-443.

Colgin, L.L., Moser, E.I, Moser, M.B., 2008. Understanding memory through hip-
pocampal remapping. Trends Neurosci. 31, 469-477.

Conti, S., Condo, M., Posar, A., Mari, F., Resta, N., Renieri, A., Neri, L, Patrizi, A., Parmeg-
giani, A., 2012. Phosphatase and tensin homolog (PTEN) gene mutations and
autism: literature review and a case report of a patient with Cowden syndrome,
autistic disorder, and epilepsy. J. Child Neurol. 27, 392-397.

Corbett, B.A., Kantor, A.B., Schulman, H., Walker, W.L,, Lit, L., Ashwood, P., Rocke,
D.M,, Sharp, F.R,, 2007. A proteomic study of serum from children with autism
showing differential expression of apolipoproteins and complement proteins.
Mol. Psychiatry 12, 292-306.

Courchesne, E., Pierce, K., 2005. Why the frontal cortex in autism might be talk-
ing only to itself: local over-connectivity but long-distance disconnection. Curr.
Opin. Neurobiol. 15, 225-230.

Derecki, N.C., Cronk, ].C., Ly, Z., Xu, E., Abbott, S.B., Guyenet, P.G., Kipnis, ]., 2012. Wild-
type microglia arrest pathology in a mouse model of Rett syndrome. Nature 484,
105-109.

Gatto, C.L,, Broadie, K., 2010. Genetic controls balancing excitatory and inhibitory
synaptogenesis in neurodevelopmental disorder models. Front. Synaptic Neu-
rosci. 2, 4.

Han,S., Tai, C.,Jones, C.J., Scheuer, T., Catterall, W.A.,2014. Enhancement of inhibitory
neurotransmission by GABAA receptors having alpha2,3-subunits ameliorates
behavioral deficits in a mouse model of autism. Neuron 81, 1282-1289.

Harrison, J.K,, Jiang, Y., Chen, S., Xia, Y., Maciejewski, D., McNamara, R.K., Streit,
W, Salafranca, M.N., Adhikari, S., Thompson, D.A., Botti, P., Bacon, K.B., Feng, L.,
1998. Role for neuronally derived fractalkine in mediating interactions between
neurons and CX3CR1-expressing microglia. Proc. Natl. Acad. Sci. U. S. A. 95,
10896-108901.

Huberman, A.D., Feller, M.B., Chapman, B., 2008. Mechanisms underlying develop-
ment of visual maps and receptive fields. Annu. Rev. Neurosci. 31, 479-509.
Jung, S., Aliberti, J., Graemmel, P., Sunshine, M.]., Kreutzberg, G.W., Sher, A,, Littman,
D.R., 2000. Analysis of fractalkine receptor CX(3)CR1 function by targeted dele-
tion and green fluorescent protein reporter gene insertion. Mol. Cell. Biol. 20,

4106-4114.

Knuesel, 1., Chicha, L., Britschgi, M., Schobel, S.A., Bodmer, M., Hellings, J.A., Toovey,
S., Prinssen, E.P., 2014. Maternal immune activation and abnormal brain devel-
opment across CNS disorders. Nat. Rev. Neurol. 10, 643-660.

Malkova, N.V,, Yu, C.Z,, Hsiao, E.Y., Moore, M., Patterson, P.H., 2012. Maternal
immune activation yields offspring displaying mouse versions of the three core
symptoms of autism. Brain Behav. Immun. 26, 607-616.

Morgan,].T., Chana, G., Pardo, C.A., Achim, C., Semendeferi, K., Buckwalter, J., Courch-
esne, E., Everall, I.P.,2010. Microglial activation and increased microglial density


http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0005
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0010
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0015
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0020
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0025
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0030
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0035
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0035
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0035
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0035
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0035
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0035
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0035
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0035
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0035
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0035
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0035
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0035
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0040
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0045
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0050
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0055
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0060
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0065
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0070
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0075
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0080
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0085
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0090
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095

R. Koyama, Y. Ikegaya / Neuroscience Research 100 (2015) 1-5 5

observed in the dorsolateral prefrontal cortex in autism. Biol. Psychiatry 68,
368-376.

Morgan, J.T., Chana, G., Abramson, I., Semendeferi, K., Courchesne, E., Everall, LP.,
2012. Abnormal microglial-neuronal spatial organization in the dorsolateral
prefrontal cortex in autism. Brain Res. 1456, 72-81.

Naviaux, R.K., Zolkipli, Z., Wang, L., Nakayama, T., Naviaux, J.C., Le, T.P., Schuch-
bauer, M.A,, Rogac, M., Tang, Q., Dugan, L.L., Powell, S.B., 2013. Antipurinergic
therapy corrects the autism-like features in the poly(IC) mouse model. PLOS
ONE 8, e57380.

Paolicelli, R.C., Bisht, K., Tremblay, M.E., 2014. Fractalkine regulation of microglial
physiology and consequences on the brain and behavior. Front. Cell Neurosci. 8,
129.

Paolicelli, R.C., Bolasco, G., Pagani, F., Maggi, L., Scianni, M., Panzanelli, P., Giustetto,
M., Ferreira, T.A., Guiducci, E., Dumas, L., Ragozzino, D., Gross, C.T.,2011. Synaptic
pruning by microglia is necessary for normal brain development. Science 333,
1456-1458.

Patterson, P.H., 2011. Modeling autistic features in animals. Pediatr. Res. 69,
34R-40R.

Ransohoff, R.M., 2009. Chemokines and chemokine receptors: standing at the cross-
roads of immunobiology and neurobiology. Immunity 31, 711-721.

Rubenstein, J.L., Merzenich, M.M., 2003. Model of autism: increased ratio of excita-
tion/inhibition in key neural systems. Genes Brain Behav. 2, 255-267.

Sahay, A., Wilson, D.A., Hen, R., 2011. Pattern separation: a common function for
new neurons in hippocampus and olfactory bulb. Neuron 70, 582-588.

Schafer, D.P., Lehrman, E.K., Kautzman, A.G., Koyama, R., Mardinly, A.R., Yamasaki, R.,
Ransohoff, R.M., Greenberg, M.E., Barres, B.A,, Stevens, B., 2012. Microglia sculpt
postnatal neural circuits in an activity and complement-dependent manner.
Neuron 74, 691-705.

Schipul, S.E., Keller, T.A.,, Just, M.A., 2011. Inter-regional brain communication and
its disturbance in autism. Front. Syst. Neurosci. 5, 10.

Sretavan, D.W., Shatz, CJ., 1986. Prenatal development of retinal ganglion cell axons:
segregation into eye-specific layers within the cat’s lateral geniculate nucleus.
J. Neurosci. 6, 234-251.

State, M.W., Sestan, N., 2012. Neuroscience. The emerging biology of autism spec-
trum disorders. Science 337, 1301-1303.

Stevens, B., Allen, NJ., Vazquez, L.E., Howell, G.R., Christopherson, K.S., Nouri, N.,
Micheva, K.D., Mehalow, A.K., Huberman, A.D., Stafford, B., Sher, A., Litke, A.M.,

Lambris, ].D., Smith, S.J., John, S.W., Barres, B.A., 2007. The classical complement
cascade mediates CNS synapse elimination. Cell 131, 1164-1178.

Suzuki, K., Sugihara, G., Ouchi, Y., Nakamura, K., Futatsubashi, M., Takebayashi,
K., Yoshihara, Y., Omata, K., Matsumoto, K., Tsuchiya, KJ., Iwata, Y., Tsujii, M.,
Sugiyama, T., Mori, N., 2013. Microglial activation in young adults with autism
spectrum disorder. JAMA Psychiatry 70, 49-58.

Tang, G., Gudsnuk, K., Kuo, S.H., Cotrina, M.L., Rosoklija, G., Sosunov, A., Sonders, M.S.,
Kanter, E., Castagna, C., Yamamoto, A., Yue, Z., Arancio, O., Peterson, B.S., Cham-
pagne, F., Dwork, AJ., Goldman, J., Sulzer, D., 2014. Loss of mTOR-dependent
macroautophagy causes autistic-like synaptic pruning deficits. Neuron 83,
1131-1143.

Tetreault, N.A., Hakeem, A.Y., Jiang, S., Williams, B.A., Allman, E., Wold, B.J., Allman,
J:M,, 2012. Microglia in the cerebral cortex in autism. J. Autism Dev. Disord. 42,
2569-2584.

Tuchman, R., Cuccaro, M., Alessandri, M., 2010. Autism and epilepsy: historical per-
spective. Brain Dev. 32, 709-718.

Tyzio, R., Nardou, R, Ferrari, D.C., Tsintsadze, T., Shahrokhi, A., Eftekhari, S., Khalilov,
L., Tsintsadze, V., Brouchoud, C., Chazal, G., Lemonnier, E., Lozovaya, N., Burna-
shev, N., Ben Ari, Y., 2014. Oxytocin-mediated GABA inhibition during delivery
attenuates autism pathogenesis in rodent offspring. Science 343, 675-679.

Vargas, D.L., Nascimbene, C., Krishnan, C., Zimmerman, A.W., Pardo, C.A., 2005. Neu-
roglial activation and neuroinflammation in the brain of patients with autism.
Ann. Neurol. 57, 67-81.

Williams, M.R., DeSpenza ]Jr., T., Li, M., Gulledge, A.T., Luikart, B.W., 2015. Hyper-
activity of newborn Pten knock-out neurons results from increased excitatory
synaptic drive. ]. Neurosci. 35, 943-959.

Wolf, Y., Yona, S., Kim, KW, Jung, S., 2013. Microglia, seen from the CX3CR1 angle.
Front. Cell Neurosci. 7, 26.

Yizhar, O., Fenno, L.E., Prigge, M., Schneider, F., Davidson, T,J., O’Shea, D.J., Sohal,
V.S., Goshen, I, Finkelstein, ]J., Paz, J.T., Stehfest, K., Fudim, R., Ramakrishnan,
C., Huguenard, J.R., Hegemann, P., Deisseroth, K., 2011. Neocortical excita-
tion/inhibition balance in information processing and social dysfunction. Nature
477,171-178.

Zhan, Y., Paolicelli, R.C., Sforazzini, F., Weinhard, L., Bolasco, G., Pagani, F., Vys-
sotski, A.L., Bifone, A, Gozzi, A, Ragozzino, D., Gross, C.T., 2014. Deficient
neuron-microglia signaling results in impaired functional brain connectivity
and social behavior. Nat. Neurosci. 17, 400-406.


http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0095
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0100
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0105
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0110
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0115
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0120
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0120
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0120
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0120
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0120
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0120
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0120
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0120
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0120
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0120
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0120
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0125
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0130
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0135
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0140
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0145
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0150
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0155
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0160
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0165
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0170
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0175
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0180
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0180
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0180
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0180
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0180
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0180
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0180
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0180
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0180
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0180
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0180
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0180
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0185
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0190
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0195
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0200
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0200
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0200
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0200
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0200
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0200
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0200
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0200
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0200
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0200
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0200
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0205
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210
http://refhub.elsevier.com/S0168-0102(15)00162-5/sbref0210

	Microglia in the pathogenesis of autism spectrum disorders
	1 Introduction
	1.1 The disruption of synapse E/I balance in ASD
	1.2 The characteristics of microglia in ASD
	1.3 Possible roles of microglia in ASD

	2 Conclusions
	Acknowledgement
	References


