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Alzheimer’s disease (AD)is a chronic and fatal disease, in which neuronal damage at its late stage cannot be
easily reversed. Because AD progression is caused by multiple factors including diverse cellular processes,
studies on AD pathogenesis at the molecular and cellular level are challenging. Based on the lessons from
unsuccessful neuron-focused research for an AD cure, non-cell autonomous mechanisms including brain
inflammation and reactive astrocytes have recently been in the spotlight as potential therapeutic targets
for AD. Studies have shown that reactive astrocytes are not only the result of inflammatory defense
reactions, but also an active catabolic decomposer that acts by taking up amyloid beta toxins. Here, we
give an overview of the characteristics of reactive astrocytes as pathological features of AD. Reactive
astrocytes exert biphasic effects, that is, beneficial or detrimental depending on multiple factors. Many
efforts have been put forth for defining and characterizing molecular signatures for the beneficial and
detrimental reactive astrocytes. In the foreseeable future, manipulating and targeting each established
molecular signature should have profound therapeutic implications for the treatment of AD.

© 2017 Elsevier Ireland Ltd and Japan Neuroscience Society. All rights reserved.
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cognitive impairment and changes in mood and behavior. AD com-
prises various stages of severity, such as pre-clinical AD, mild
cognitive impairment (MCI), and AD dementia (Masters et al.,
2015). The majority of AD cases (over 95%) appear in sporadic form,
related to environmental factors or aging, whereas familial AD (less
than 5% of cases) is caused by inherited mutations of AD-related
genes such as amyloid precursor protein (APP) (Goate et al., 1991),

1. Introduction

Alzheimer’s disease (AD) is a devastating neurodegenerative
disease that shows multimodal symptoms such as progressive
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presenilin 1 (PS1), or presenilin 2 (PS2) (Levy-Lahad et al., 1995;
Sherrington et al., 1995). These genes are all related to the increase
of amyloid beta production, which is one of the major features of
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AD. Because it is believed that the accumulation of amyloid beta
aggregates triggers hyperphosphorylation of tau and causes neu-
rodegenerationin AD, therapeutic strategies for AD are based on the
“amyloid hypothesis,” and the AD research field has undoubtedly
put enormous efforts into regulating the level of amyloid beta over
the last few decades. Nevertheless, the results remain largely inef-
fective. Anticipated phase IlI clinical trials of amyloid beta antibody
(Solanezumab, funded by Eli Lily) and BACE inhibitor (Verubeces-
tat, funded by Merck) were recently declared to have failed (Doody
et al., 2014; Hawkes, 2017). Meanwhile, currently approved drugs
for AD neurodegeneration targets have a very limited time win-
dow regarding their effect of slowing the disease progression, and
these drugs are therefore not an effective treatment for the disease.
These serial failures challenge the current amyloid hypothesis and
the neurocentric view that many pharmaceutical companies have
spent billions of dollars on, and necessitate a paradigm shift in the
still obscure etiology of AD.

Neuronal deathis alate-phase eventin AD and represents a ther-
apeutically irreversible state. However, reversibility is the key to
find new strategies for an ultimate AD cure. Therefore, researchers
have recently focused on the brain inflammation occurring before
neurodegeneration in AD pathogenesis, and it is believed that
targeting inflammatory mechanisms can reverse the process of dis-
ease progression. In this review, we will present an overview of
the main characteristics of AD and the role of brain inflammation,
especially the role of reactive astrocytes, on AD pathogenesis.

2. Features of AD

Patients with AD show toxic protein aggregates such as amy-
loid beta and tau tangles (Taylor et al., 2002). In 1906, Alois
Alzheimer first observed amyloid plaque and neurofibrillary tan-
gles (NFTs), which are histopathological hallmarks of AD, in the
brains of patients with AD. Amyloid beta is normally produced and
degraded in healthy individuals (Haass et al., 1993; Mawuenyega
et al.,, 2010), although its role is not fully understood. It occurs in
the form of monomers, oligomers, protofibrils, fibrils, and amyloid
beta plaques. Among amyloid peptides of various lengths, the pep-
tide of a length of 40-42 amino acids has aggregating properties,
and the fibrillary form of amyloid beta is the principal component
of amyloid plaques shown in extracellular space. When amyloid
beta is progressively accumulated and levels are aberrantly ele-
vated, the incidence rate of AD is significantly increased. It is in
fact known that the amyloid beta clearance mechanism is dis-
rupted in patients with AD (Mawuenyega et al.,2010), which means
that maintaining appropriate levels of amyloid beta is important
in physiological conditions. It has been reported that amyloid
beta deposition starts decades before cognitive decline, and brain
atrophy is detected by amyloid beta PET (position emission tomog-
raphy)imaging (Villemagne et al., 2013). The Pittsburgh compound
B (PiB), aradioactive carbon-11 analogue of the fluorescent amyloid
due thioflavin-T62, binds to fibrillary amyloid beta and thus makes
amyloid beta imaging possible in vivo (Cohen et al., 2012; Mathis
et al., 2003). In contrast, NFTs accumulate in intraneuronal regions
and are formed through hyper-phosphorylation of tau proteins.
Tau tangles are correlated with disease severity (Augustinack et al.,
2002; Bierer et al., 1995). Moreover, it is known that tau pathology
itself can cause neurodegeneration(Ballatore et al., 2007).

Brain inflammation is ubiquitously observed in the AD brain,
and mainly consists of glial activation, such as astrogliosis, and
microglial activation (Serrano-Pozo et al., 2013; Itagaki et al., 1989).
In his original descriptions, Alois Alzheimer firstly mentioned glial
changes having fibers and large deposits in brain of patient with AD
(Fig. 1C). He observed the morphological alterations of glial cells in
the brain of his second patient, Johann F. Credit and drew the hyper-

trophied glial cells surrounding the plaque. (Fig. 1B). However, the
precise role of those morphologically altered glial cells, which now
we refer to reactive astrocytes, is largely unknown. In amyloid beta-
overexpressing mice, an animal model of AD, reactive astrocytes
and activated microglia appear surrounding amyloid plaques. As
the number of plaques increases, gliosis becomes severe (Jo et al.,
2014). It is known that the severity of gliosis is correlated with dis-
ease severity (Simpson et al., 2010). Despite its pervasive existence
inthe AD brain, gliosis has long been considered an epiphenomenon
following neurodegeneration. However, since temporal correlation
studies showed that inflammatory changes precede the clinical
symptoms of AD and amyloid beta deposition (Tarkowski et al.,
2003), research has increasingly been focused on the importance
of immune states in AD pathogenesis. However, the contribution
of glial cells such as astrocytes and microglia on AD pathogenesis
is largely unknown.

Neurodegeneration is a final cellular symptom of AD. Neuronal
death takes place in brains of patients with AD. The proposed
mechanisms of neurodegeneration include excitotoxicity via glu-
tamate, nitrosative stress, tauopathy, and axonal degeneration
leading to programmed cell death (PCD) (Cusack et al., 2013)
and/or autophagic cell death (ACD) (Nixon, 2013). When the extra-
cellular glutamate concentration is increased above physiological
levels, NMDA-mediated excitotoxicity leads to the death of neu-
rons (Hynd et al., 2004; Coyle et al., 1981). Nitrosative stress is
caused by excess production of reactive oxygen species (ROS) and
reactive nitrogen species (RNS), which lead to cell death by nitra-
tion of proteins (Nakamura and Lipton, 2007; Lipton et al., 1993).
Tauopathy consists of neurofibrillary tangles that are made from
hyperphosphorylated tau protein aggregation and directly kill the
cell (Spillantini and Goedert, 2013; Yoshiyama et al., 2007). Tau
hyperphosphorylation is mediated by the GSK3 beta pathway,
which is activated by oxidative stress (Zhang et al., 2005). However,
the etiology of neurodegeneration is not clear. In AD, brain atrophy
is also shown on MR images of human patients (Zhang et al., 2011).
The degree of brain atrophy correlates with the neurofibrillary tan-
gle pathology defined by Braak stage, while it is not correlated with
the amyloid beta deposition (Braak and Braak, 1991; Whitwell etal.,
2008; Josephs et al., 2008).

To attenuate the disease progression, several drugs are being
used such as acetylcholinesterase inhibitors (Rivastigmine, Galan-
tamine, Donepezil) and N-methyl p-aspartate receptor antagonist
(Memantine). Rivastigmine, Galantamine, and Donepezil are
administered to patients with mild to moderate AD (Cruz Jentoft
and Hernandez, 2014; Hirsch, 2006; Greenberg, 2000), whereas
Memantine is prescribed to patients with moderate to severe AD
(Finucane, 2004). However, these drugs cannot reverse the disease
progression and have many adverse side effects (Liu et al., 2002;
Inglis, 2002). These shortfalls of the currently available AD drugs
probably come from the fact that we still do not have a complete
and detailed picture of the sequence of events during the progres-
sion of AD. There is thus an urgent need for finding therapeutic
targets according to the time-ordered sequence of events during
disease progression and for developing new drugs for AD.

3. Brain inflammation in AD pathogenesis

It is generally considered that identification of the time-ordered
sequence of pathogenic events is crucial for elucidating the causal
relationship between known biomarkers and AD (Jack et al., 2010).
The temporal order of AD biomarkers in disease progression needs
thus to be addressed. Research shows that inflammatory signals
in the brain, including glial activation, are detected early dur-
ing the pre-symptomic phase of AD progression with amyloid
beta production (Jack et al., 2010). Recently, NSAIDs (non-steroidal
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Fig. 1. Observation of glial changes in brains of patients with AD by Alois Alzheimer. A. Alois Alzheimer (German, 1864-1915). B. Drawing of hypertrophied glia and plaques
from a histological section of Alzheimer’s second patient, Johann F. Credit, 1911. C. (1) Primary report of glial changes in patients with AD in 1906. (2) English translation of

C-1.

anti-inflammatory drugs) have been shown to be effective for AD
symptoms (Lichtenstein et al., 2010; Szekely and Zandi, 2010).
In addition, an animal study showed, surprisingly, that systemic
immune challenges caused by the viral mimic polyriboinosinic-
polyribocytidilic acid sufficiently induced AD pathology such that
tauopathy and amyloid plaques are formed (Krstic et al., 2012),
proposing that brain inflammation can be an initial factor for AD
pathogenesis. Related to this phenomenon, inflammation in the
brain is considered to be an important factor for AD progres-
sion. Gliosis shown in AD is composed of activated microglia as
well as reactive astrocytes. Microglia also become activated in an
injured condition and show morphological changes from a ramified
into an amoeboid shape. Amoeboid-like microglia surround amy-
loid plaques and undergo phagocytosis by engulfing amyloid beta
peptide (Fu et al., 2014). When microglia are activated, proinflam-
matory molecules such as ROS and cytokines are released, leading
to neurotoxicity (Cunningham, 2013). Astrocytic reactivity is corre-
lated with the severity of AD. However, the contribution of reactive
astrocytes to the pathogenesis of AD is still elusive.

4. Reactive astrocytes in AD
4.1. General description/features of reactive astrocytes
Reactive astrocytes are an activated form of astrocytes in

response to toxic materials. Astrocytes change their properties
morphologically, transcriptionally, and functionally. Regarding

morphological changes in response to toxic materials, astrocytes
show hypertrophy and process ramification. Reactive astrocytes
increase their cell body size and the thickness of astrocytic
processes. In addition, the branching of astrocyte processes
becomes complex and is reorganized with increasing reactivity
(Wilhelmsson et al., 2006), as has been shown in an increased num-
ber of astrocyte processes and a polarization toward the injury
site (Bardehle et al., 2013) or toxic aggregate. Glial fibrillary acidic
protein (GFAP) has long been considered a standard marker of
reactive astrocytes (Sofroniew, 2009). In addition to GFAP, other
intermediate filament proteins such as vimentin and nestin are
also upregulated in reactive astrocytes. Astrocyte reactivity has
been demonstrated as morphological hypertrophy, since gliosis
was firstly reported through immunostaining using GFAP antibod-
ies in the brains of patients with AD (Bignami et al., 1972).
Reactive astrocytes show a broad and graded spectrum of reac-
tivity, and are heterogeneous in morphology, gene expression, and
function (Anderson et al., 2014). Severe injury (Simon et al., 2011)
or stroke (Shimada et al., 2011) cause proliferation of astrocytes
as well as severe reactiveness (Sofroniew, 2009), whereas mildly
reactive astrocytes do not proliferate at distant regions from the
injury site. The proliferation of reactive astrocytes is correlated
with the disruption of individual domains of astrocytes. Originally,
astrocytes have their unique domains that do not overlap with
each other in the normal brain (Bushong et al., 2002). However,
this individual domain is disrupted in the region where severely
reactive astrocytes are formed (Wanner et al., 2013). According to
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the experimental setup, there are differences in the state of pro-
liferation and domain disruption. Astrocyte proliferation is rarely
shown in current experimental models of AD (0-3%) (Sirko et al.,
2013) and reactive astrocytes in the Tg2576 AD mouse model
do not lose their domain organization (Oberheim et al., 2008),
whereas in experimental models of epileptic seizure, individual
domains of each astrocytes are not preserved (Oberheim et al.,
2008). Additionally, lipopolysaccharide (LPS)-induced models of
reactive astrocytes show no increase in the number of astrocytes
in vivo or in vitro (Zamanian et al., 2012; Liddelow et al., 2017).

To understand the role of reactive astrocytes, there have been
many attempts to investigate transcriptional regulation in purified
astrocytes of various injury or disease models. In LPS and MCAO
(Middle Cerebral Artery Occlusion) mouse models, which accom-
pany the induction of reactive astrocytes, multiple genes are shown
to be upregulated in acutely purified astrocytes (Zamanian et al.,
2012).In the subsequent study, these altered genes are shown to be
heterogenous between the two conditions (Liddelow et al., 2017).
The authors characterized the altered gene expression and sug-
gested that A2-reactive astrocytes in the MCAO model can have
beneficial or protective functions, whereas Al-reactive astrocytes
in the LPS-induced brain have neurotoxic properties. Moreover, the
authors tried to relate the phenotype of Al-reactive astrocytes to
many neurodegenerative diseases including AD (Liddelow et al.,
2017). Because it is considered that the biphasic effects of reac-
tive astrocytes depend on the reactivity of astrocytes (Sofroniew,
2009), A1- and A2- type might have different reactivity in each
experimental setup, LPS or MCAO. However, there are no suitable
experimental models that can manipulate the reactivity of astro-
cytes in order to test and generalize this idea.

To mimic reactive astrocytes, various injury models have been
used to induce reactive astrocytes, such as stab wound injury, LPS
and MCAO models. These not only induce reactive astrocytes but
also induce microglial activation or neuronal injury directly. In con-
trast, knockout mice of GFAP and vimentin genes or transgenic
mice carrying GFAP-TK(Thymidine kinase under GFAP promoter)
have been used to abolish the morphological changes of reactive
astrocytes or to ablate proliferating reactive astrocytes, in vivo,
respectively (Kamphuis et al., 2015; Myer et al., 2006; Faulkner
etal., 2004). However, these systems both have serious limitations,
with the former limiting the effects of morphological arborization
of reactive astrocytes and the latter rendering the environment
inflammatory by ablating brain cells. These systems cannot dis-
tinguish between the cause and the effects of phenomena related
to reactive astrocytes. Therefore, to solve these limitations, devel-
oping suitable experimental models to exclusively induce and
manipulate the reactivity of astrocytes in vivo are undoubtedly
needed. Moreover, understanding the mechanism underlying the
induction of reactive astrocytes is important to study the function
of reactive astrocytes.

4.2. Altered characterization of reactive astrocytes related to AD

In the brain of patients with AD, reactive astrocytes are detected
on PET imaging, with the PET tracer ''C-deuterium-L-deprenyl
(11C-DED) used to measure monoamine oxidase B located in astro-
cytes (Carter et al., 2012). In AD animal models, reactive astrocytes
are also detected before amyloid plaque formation (Heneka et al.,
2005). It is known that reactive astrocytes respond to amyloid
beta, morphologically, metabolically, and functionally (Pike et al.,
1994; Allaman et al., 2010; Yan et al., 2013; Carbonaro et al., 2009;
Sollvander et al., 2016). Amyloid beta plaques are associated with
reactive astrocytes, and amyloid beta induces an GFAP increase
in astrocyte culture(Pike et al., 1994). Reactive astrocytes are also
shown in human patients with AD (Owen et al., 2009; Carter et al.,

2012). At the same time, reactive astrocytes produce amyloid beta
(Zhao et al., 2011).

4.2.1. Metabolic plasticity

In injury or toxic conditions, astrocytes become reactive and
undergo changes in their metabolic profile, and they adapt and
optimize their metabolism to produce energy in injured conditions.
Astrocytes have been shown to take up amyloid beta and degrade it
to clear plaques (Wyss-Coray et al., 2003). It has also been reported
that amyloid beta-treated astrocytes change their metabolic pro-
file and improve their glucose utilization (Allaman et al., 2010).
Amyloid beta production and clearance mechanisms have been
shown to be crucial for the pathogenesis of AD (Mawuenyega
et al.,, 2010; Kizilarslanoglu and Ulger, 2015). Moreover, patients
with AD showed a decrease in the kinetics of amyloid beta clear-
ance (Mawuenyega et al., 2010). Degradative mechanisms such as
autophagy and ubiquitination have been suggested to be involved
in the response to amyloid plaques (Takalo et al., 2013). It is known
that defective autophagy mechanisms cause neurodegeneration
(Kizilarslanoglu and Ulger, 2015), but how autophagy mechanisms
are involved in astrocyte functions in AD conditions is not known.
It was demonstrated that reactive astrocytes near amyloid plaques
produce more putrescine, a type of polyamine degraded from toxic
molecules, and degrade putrescine into GABA via monoamine oxi-
dase B (MAO-B) (Jo et al., 2014). The abundance of putrescine and
autophagy system could be somehow linked but this possibility
needs to be tested in the future.

Monoamine oxidase B (MAO-B), which is primarily expressed
in astrocytes and localized in the outer membrane of mitochon-
dria, catalyzes the oxidative metabolism of monoamines such as
benzylamine, acetylputrescine, or dopamine. Decades ago, it was
first reported that MAO-B is expressed in astrocytes (Levitt et al.,
1982) and that its activity is increased in reactive astrocytes, by
means of 3H-L-deprenyl emulsion autoradiography (Ekblom et al.,
1993). Related to MAO-B, the detection of reactive astrocytes by
PET imaging was performed using MAO-B probes. In patients with
MCI, 11C-DED, labeled deprenyl, which is an MAO-B inhibitor, was
increasingly detected, compared with control subjects(Carter et al.,
2012). Moreover, the increased 11C-DED levels were correlated
with the decrease of grey matter density measured by MRI in 11C-
PIB-positive MCI patients and the signal increase of amyloid beta
fibrils measured by 11C-PIB-PET (Choo et al., 2014; Carter et al.,
2012). Taken together, MAO-B activity, which can represent the
reactivity of astrocytes, has strong correlation with AD pathogene-
sis.

4.2.2. Gliotransmitters

Gliotransmitter released from astrocytes are increasingly found,
and include glutamate, GABA (gamma-aminobutyric acid), ATP
(adenosine triphosphate), and p-serine. When astrocytes become
reactive, the releasing level of gliotransmitters is changed, which
affects neuronal activity. Recently, it has been reported that GABA
contents are increased in reactive astrocytes surrounding amy-
loid plaques (Fig. 2A). GABA is synthesized from putrescine, a
type of polyamine, by activation of monoamine oxidase B (MAO-
B) (Fig. 2B). When levels increase, more GABA is released into the
extracellular space, which inhibits neuronal activity and impairs
memory abilities in AD mouse models (Jo et al., 2014). Increased
tonic inhibition in the dentate gyrus region of the 5XFAD mouse
brain has also been shown (Wu et al., 2014). The authors sug-
gested that GABA uptake by GABA transporters and extracellular
GABA concentrations are effective in affecting synaptic plasticity
and memory abilities. The role of GABA in terms of protective
versus detrimental action is unclear. However, one can specu-
late that the role of GABA is perhaps for protection of neurons
from over-excitation at the expense of memory impairment. In
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Fig. 2. A. Immunostaining of GABA and GFAP in the molecular layer of DG from wild type and APP/PS1, AD model mouse. B. Model diagram of GABA release from reactive

astrocytes in animal model of AD.

contrast, glutamate is released from astrocytes in response to amy-
loid beta. The released glutamate activates extrasynaptic NMDA
receptors and mediates amyloid beta-induced synaptic depres-
sion and spine loss (Talantova et al,, 2013). Glutamate release
by TNF (tumor necrosis factor) alpha application is impaired in
PDAPP mice, a type of AD model mice (Rossi et al., 2005). Purines,
another kind of gliotransmitter comprising ATP and adenosine, is
also released from astrocytes. Amyloid beta application on cultured
astrocytes releases ATP (Jung et al., 2012) through Cx43 (con-
nexin 43) hemichannels (Orellana et al., 2011). Recent reports also
showed that ATP is increasingly released via hemichannels from
reactive astrocytes around amyloid plaques in APP/PS1 mice. The
released ATP acts on astrocytic P2Y1 receptors and increases Ca%*
concentrations in an autocrine manner (Delekate et al., 2014).

4.2.3. Oxidative and nitrosative stress

Reactive oxygen species (ROS) are generated during normal
cellular metabolism and play multiple roles in CNS functions,
as for example maintaining cognitive function, neurotransmitter
secretion, brain homeostasis, and neuroprotection. ROS contain
hydrogen peroxide (H,0,), superoxide (O, ™), and hydroxyl radical
(OH™). Generally, ROS levels exceeding physiological ranges have
biphasic effects on cell viability. Low concentrations of ROS stimu-
late cell proliferation, whereas high concentrations have harmful
effects on enzymes, membrane lipids, and DNA, which conse-
quently leads to cell death (Liou and Storz, 2010). The homeostasis
of ROS levels in the brain is crucial for maintaining brain func-
tions, and for that reason, the brain is equipped with various
ROS-producing or —eliminating enzymes, such as peroxidase, oxi-
dase, superoxide dismutase (SOD), and NADPH oxidase (NOX).

The ROS-mediated pathway is related to AD. In patients with
AD, it has been suggested that ROS levels are increased and oxida-
tive stress occurs(Markesbery, 1999). For this reason, targeting
ROS or ROS-related enzymes has been a therapeutic strategy in
AD. Antioxidants such as vitamin E, flavonoids such as rutin, and

carotenoids have shown neuroprotective effects in animal models
and are expected to alleviate the disease progression (Gutierrez-
Merino et al., 2011; Behl, 1999). A phase III trial combining vitamin
E with memantine and vitamin E with selenium was recently con-
ducted. However, the additive effect of vitamin E and memantine
was not observed, while only vitamin E treatment was effective
in cognitive decline of mild to moderate AD (Dysken et al., 2014).
Moreover, combining vitamin E with selenium was not effective in
prevention of AD (Kryscio et al., 2017; Dysken et al., 2014). These
disappointing effects of antioxidants in clinical test could be due to
improper dosage, time of interventions, or combination of antioxi-
dants. It is known that the abnormal concentration of antioxidants
can act as a pro-oxidant (Herbert, 1996), which can be one of fac-
tors for failure of antioxidant in AD drug development. Moreover,
improper selection of subjects for clinical tests could be another
reason: because it is known that oxidative stress occurs at relatively
early time in AD progression and slowly develops to the point of
no return, the treatment of antioxidants at late stage of AD would
possibly results in clinical failure. Finally, the lack of proper combi-
nation of the existing antioxidants could be a potential reason for
the therapeutic failures, considering their synergetic effects with
each other. (Persson et al., 2014)

Astrocytes are important for neuroprotection by generating
antioxidants such as glutathione. Astrocytes play crucial roles in
defensive action by producing antioxidant molecules against oxida-
tive stress, and have protective effects on neurons, which are
vulnerable to hydrogen peroxide toxicity (Desagher et al., 1996).
In contrast, astrocytes produce hydrogen peroxide in response to
amyloid beta treatment (Allaman et al., 2010). In reactive astro-
cytes, ROS levels are increased and ROS-producing enzymes are
upregulated. Cultured astrocytes release more ROS in response
to amyloid beta through the pentose-phosphate pathway, and
become toxic to co-cultured neurons (Allaman et al., 2010). The
biphasic effects of astrocytes can be dependent on the level of ROS
production, which is correlated with the amount of amyloid beta
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toxin (Narayanetal.,2014). The more amyloid beta toxins, the more
oxidative degradation, producing a large amount of ROS. Because
ROS itself can trigger various signaling pathways to induce antioxi-
dant systems or trophic factor expression, the low level of ROS may
exert beneficial functions for neuroprotection (Wang et al., 2006).
On the other hand, the exaggerated ROS can turn on iNOS expres-
sion, which induces nitrosative stress and toxic nitration in neurons
(Bagheri et al., 2017; Akama and Van Eldik, 2000). These suggests
that the level of ROS in astrocytes can act as a key determinant in the
fate of reactive astrocytes affecting neuronal functions. Therefore,
reactive astrocytes act as a double-edged sword having both bene-
ficial and detrimental functions in neuronal viability against toxic
environment, according to the level of ROS production (Fig. 3).

ROS activates signaling pathways such as the NFkB pathway
and induce morphological changes through GFAP expression in
astrocytes (Akama and Van Eldik, 2000; Carrero et al., 2012). The
small Rho GTPase, Ras, is known to be involved in the GFAP
increase(Kalman et al., 1999). This raises a possibility that the
hypertrophy of astrocytes, which has been generally used to
represent the reactivity by itself, is the consequence of ROS accu-
mulation. It would be very interesting to investigate this possibility
in future studies

Reactive nitrogen species (RNS) contain nitric oxide (NO), which
is produced by nitric oxide synthase (NOS). Nitric oxide itself is not
particularly toxic in vivo, but it can react with superoxide to form
the powerful oxidant peroxynitrite. NOS is required for the syn-
thesis of NO, and there are three isoforms of NOS, namely iNOS,
eNOS, and nNOS. Out of these three isoforms, iNOS is expressed
in glial cells as response to pro-inflammatory cytokines and amy-
loid beta toxins (Akama and Van Eldik, 2000; Sheng et al., 2011).
In the AD brain, iNOS is overexpressed in reactive astrocytes(Luth
et al.,, 2001). Another study showed that in AD, there is activation
of microglia, which in turn activates iNOS, that results in excess NO
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release by microglial cells and consequently in immunomodulation
and neuronal damage(Cherry et al., 2014).

Oxidative stress and nitrosative stress have been considered
as significant contributors to AD progression. However, despite
a long history of research in various fields, significant progress
regarding AD treatment has not been demonstrated. The reasons
can include the elusive cellular sources of each ROS or ROS-
generating/degrading enzymes and the inefficient antioxidants to
scavenge ROS. In this regard, research on the molecular and cellu-
lar mechanisms of ROS-related pathway in AD pathogenesis would
contribute to understanding the role of oxidative stress in AD.
Moreover, development of potent antioxidants would take a leap
forward to AD therapeutics.

5. Therapeutic implications

The therapeutic strategies for multifactorial AD should be
designed for each pathogenic time course. Reactive astrocytes, as
an early sign of AD, have therapeutic implications in various diverse
aspects. They represent a double-edged sword, with both good
and bad effects on brain functions, possibly depending on their
level of reactivity (Fig. 2). Taking up and eliminating toxic mate-
rials such as amyloid beta can be considered as positive functions
of astrocytes, as these processes could directly prevent neuronal
injury by toxins. Thus, drugs promoting amyloid beta-clearing
mechanisms such as autophagy or ubiquitin systems have ther-
apeutic potential for AD. Additionally, releasing trophic factors
and activating antioxidant systems such as Nrf2(Nuclear factor
(erythroid-derived 2)-like 2) transcription in reactive astrocytes
are beneficial for brain functions. Therefore, facilitating these pro-
cesses could be helpful for the treatment of AD. In contrast, the
buffering effects by astrocytes through active clearance of amy-
loid beta toxins can lead to changes in their metabolic status and
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paradoxically over-produce toxic metabolites, inhibitory transmit-
ters, and/or ROS. The accumulation of these factors chronically
transforms astrocytic properties and changes their functions to
neurotoxic and harmful. Therefore, drugs aimed at metabolites-
or ROS-generating systems have therapeutic potential. The regu-
lation of ROS-producing enzymes or the activation of antioxidant
systems could maintain an appropriate oxidative status and block
harmful effects on nearby neurons. Furthermore, controlling astro-
cytic GABA levels by manipulating MAO-B activity could restore the
memory impairments found in AD. To develop astrocyte-specific
drugs, investigating the astrocyte-specific mechanisms underlying
amyloid beta toxin clearance and metabolite production are crucial
for finding future therapeutic targets.

Acknowledgements

This work was supported by Creative Research Initiative Pro-
gram, Korean National Research Foundation (2015R1A3A2066619)
and Korea Institute of Science and Technology Institutional Pro-
grams (Project No. 2E26860).

References

Akama, K.T., Van Eldik, L.J., 2000. Beta-amyloid stimulation of inducible nitric-oxide
synthase in astrocytes is interleukin-1beta- and tumor necrosis factor-alpha
(TNFalpha)-dependent, and involves a TNFalpha receptor-associated factor- and
NFkappaB-inducing kinase-dependent signaling mechanism. J. Biol. Chem. 275,
7918-7924.

Allaman, L., Gavillet, M., Belanger, M., Laroche, T., Viertl, D., Lashuel, H.A., Magistretti,
PJ., 2010. Amyloid-beta aggregates cause alterations of astrocytic metabolic
phenotype: impact on neuronal viability. J. Neurosci. 30, 3326-3338.

Anderson, Mark A., Ao, Yan, Michael Sofroniew, V., 2014. Heterogeneity of reactive
astrocytes. Neurosci. Lett. 565, 23-29.

Augustinack, J.C., Schneider, A., Mandelkow, E.M., Hyman, B.T., 2002. Specific tau
phosphorylation sites correlate with severity of neuronal cytopathology in
Alzheimer’s disease. Acta Neuropathol. 103, 26-35.

Bagheri, M., Nair, R.R,, Singh, KK, Saini, D.K., 2017. ATM-ROS-iNOS axis regu-
lates nitric oxide mediated cellular senescence. Biochim. Biophys. Acta 1864,
177-190.

Ballatore, C., Lee, V.M., Trojanowski, ].Q., 2007. Tau-mediated neurodegeneration in
Alzheimer’s disease and related disorders. Nat. Rev. Neurosci. 8, 663-672.

Bardehle, S., Kruger, M., Buggenthin, F., Schwausch, J., Ninkovic, J., Clevers, H., Snip-
pert, H.J., Theis, FJ., Meyer-Luehmann, M., Bechmann, I, Dimou, L., Gotz, M.,
2013. Live imaging of astrocyte responses to acute injury reveals selective jux-
tavascular proliferation. Nat. Neurosci. 16, 580-586.

Behl, C,, 1999. Vitamin E and other antioxidants in neuroprotection. Int. J. Vitam.
Nutr. Res. 69, 213-219.

Bierer, L.M., Hof, P.R., Purohit, D.P., Carlin, L., Schmeidler, ]J., Davis, K.L., Perl, D.P.,
1995. Neocortical neurofibrillary tangles correlate with dementia severity in
Alzheimer’s disease. Arch. Neurol. 52, 81-88.

Bignami, A., Eng, L.F.,, Dahl, D., Uyeda, C.T., 1972. Localization of the glial fibrillary
acidic protein in astrocytes by immunofluorescence. Brain Res. 43, 429-435.

Braak, H., Braak, E., 1991. Neuropathological stageing of Alzheimer-related changes.
Acta Neuropathol. 82, 239-259.

Bushong, E.A., Martone, M.E., Jones, Y.Z., Ellisman, M.H., 2002. Protoplasmic astro-
cytes in CA1 stratum radiatum occupy separate anatomical domains. J. Neurosci.
22,183-192.

Carbonaro, V., Caraci, F., Giuffrida, M.L,, Merlo, S., Canonico, P.L., Drago, F., Copani,
A., Sortino, M.A,, 2009. Enhanced expression of ERalpha in astrocytes modifies
the response of cortical neurons to beta-amyloid toxicity. Neurobiol. Dis. 33,
415-421.

Carrero, I, Gonzalo, M.R., Martin, B., Sanz-Anquela, ].M., Arevalo-Serrano, J., Gonzalo-
Ruiz, A., 2012. Oligomers of beta-amyloid protein (Abetal-42) induce the
activation of cyclooxygenase-2 in astrocytes via an interaction with interleukin-
1beta, tumour necrosis factor-alpha, and a nuclear factor kappa-B mechanism
in the rat brain. Exp. Neurol. 236, 215-227.

Carter, S.F., Scholl, M., Almkvist, 0., Wall, A., Engler, H., Langstrom, B., Nordberg,
A., 2012. Evidence for astrocytosis in prodromal Alzheimer disease provided
by 11C-deuterium-L-deprenyl: a multitracer PET paradigm combining 11C-
Pittsburgh compound B and 18F-FDG. ]. Nucl. Med. 53, 37-46.

Cherry, J.D., Olschowka, J.A., O’banion, M.K., 2014. Neuroinflammation and M2
microglia: the good, the bad, and the inflamed. J. Neuroinflammation 11, 98.
Choo, LL., Carter, S.F., Scholl, M.L., Nordberg, A., 2014. Astrocytosis measured by
(1)(1)C-deprenyl PET correlates with decrease in gray matter density in the
parahippocampus of prodromal Alzheimer’s patients. Eur. ]J. Nucl. Med. Mol.

Imaging 41, 2120-2126.

Cohen, A.D., Rabinovici, G.D., Mathis, C.A., Jagust, W .., Klunk, W.E., Ikonomovic, M.D.,
2012. Using Pittsburgh Compound B for in vivo PET imaging of fibrillar amyloid-
beta. Adv. Pharmacol. 64, 27-81.

Coyle, ].T., Bird, S.J., Evans, R.H., Gulley, R.L, Nadler, J.V., Nicklas, W]., Olney, JW.,
1981. Excitatory amino acid neurotoxins: selectivity, specificity, and mech-
anisms of action. Based on an NRP one-day conference held June 30, 1980.
Neurosci. Res. Program Bull. 19, 1-427.

Cruz Jentoft, AJ., Hernandez, B., 2014. Rivastigmine as treatment for patients with
mild to moderately severe Alzheimer disease under normal clinical practice
conditions. The ENTERPRISE study. Neurologia 29, 1-10.

Cunningham, C., 2013. Microglia and neurodegeneration: the role of systemic
inflammation. Glia 61, 71-90.

Cusack, C.L., Swahari, V., Hampton Henley, W., Michael Ramsey, J., Deshmukh, M.,
2013. Distinct pathways mediate axon degeneration during apoptosis and axon-
specific pruning. Nat. Commun. 4, 1876.

Delekate, A., Fuchtemeier, M., Schumacher, T., Ulbrich, C., Foddis, M., Petzold, G.C.,
2014. Metabotropic P2Y1 receptor signalling mediates astrocytic hyperactivity
in vivo in an Alzheimer’s disease mouse model. Nat. Commun. 5, 5422.

Desagher, S., Glowinski, J., Premont, J., 1996. Astrocytes protect neurons from hydro-
gen peroxide toxicity. . Neurosci. 16, 2553-2562.

Doody, R.S., Thomas, R.G., Farlow, M., Iwatsubo, T., Vellas, B., Joffe, S., Kieburtz, K.,
Raman, R, Sun, X, Aisen, P.S., Siemers, E., Liu-Seifert, H., Mohs, R., ALZHEIMER’S
Disease Cooperative Study Steering, C., Solanezumab Study, G, 2014. Phase 3
trials of solanezumab for mild-to-moderate Alzheimer’s disease. N. Engl. ]. Med.
370,311-321.

Dysken, M.W., Sano, M., Asthana, S., Vertrees, ].E., Pallaki, M., Llorente, M., Love, S.,
Schellenberg, G.D., Mccarten, ].R., Malphurs, J., Prieto, S., Chen, P., Loreck, D.J.,
Trapp, G., Bakshi, R.S., Mintzer, J.E., Heidebrink, J.L., Vidal-Cardona, A., Arroyo,
L.M.,, Cruz, A.R., Zachariah, S., Kowall, N.W., Chopra, M.P,, Craft, S., Thielke, S., Tur-
vey, C.L.,, Woodman, C., Monnell, K.A., Gordon, K., Tomaska, ]., Segal, Y., Peduzzi,
P.N., Guarino, P.D.,2014. Effect of vitamin E and memantine on functional decline
in Alzheimer disease: the TEAM-AD VA cooperative randomized trial. JAMA 311,
33-44.

Ekblom, J., Jossan, S.S., Bergstrom, M., Oreland, L., Walum, E., Aquilonius, S.M., 1993.
Monoamine oxidase-B in astrocytes. Glia 8, 122-132.

Faulkner, J.R., Herrmann, J.E., Woo, M., Tansey, K.E., Doan, N.B., Sofroniew, M.V.,
2004. Reactive astrocytes protect tissue and preserve function after spinal cord
injury. J. Neurosci. 24, 2143-2155.

Finucane, T.E., 2004. Memantine for patients with Alzheimer disease. JAMA 291,
1695 (author reply 1695).

Fu, R, Shen, Q., Xu, P., Luo, ].J., Tang, Y., 2014. Phagocytosis of microglia in the central
nervous system diseases. Mol. Neurobiol. 49, 1422-1434.

Goate, A., Chartier-Harlin, M.C., Mullan, M., Brown, J., Crawford, F., Fidani, L., Giuffra,
L.,Haynes, A, Irving, N., James, L., et al., 1991. Segregation of a missense mutation
in the amyloid precursor protein gene with familial Alzheimer’s disease. Nature
349, 704-706.

Greenberg, S.M.,2000. Donepezil in the treatment of alzheimer disease. Arch. Neurol.
57,1380.

Gutierrez-Merino, C., Lopez-Sanchez, C., Lagoa, R., Samhan-Arias, A.K., Bueno, C.,
Garcia-Martinez, V., 2011. Neuroprotective actions of flavonoids. Curr. Med.
Chem. 18, 1195-1212.

Haass, C., Hung, A.Y., Schlossmacher, M.G., Oltersdorf, T., Teplow, D.B., Selkoe, D.].,
1993. Normal cellular processing of the beta-amyloid precursor protein results
in the secretion of the amyloid beta peptide and related molecules. Ann. N. Y.
Acad. Sci. 695, 109-116.

Hawkes, N., 2017. Merck ends trial of potential Alzheimer’s drug verubecestat. BMJ
356, j845.

Heneka, M.T., Sastre, M., Dumitrescu-Ozimek, L., Dewachter, 1., Walter, J., Klock-
gether, T., Van Leuven, F., 2005. Focal glial activation coincides with increased
BACET1 activation and precedes amyloid plaque deposition in APP[V717I] trans-
genic mice. J. Neuroinflammation 2, 22.

Herbert, V., 1996. Prooxidant effects of antioxidant vitamins. Introduction. J. Nutr.
126, 11975-1200S.

Hirsch, C., 2006. Galantamine was effective in mild-to-moderate Alzheimer disease.
ACP ]. Club 145, 50.

Hynd, M.R,, Scott, H.L., Dodd, P.R., 2004. Glutamate-mediated excitotoxicity and
neurodegeneration in Alzheimer’s disease. Neurochem. Int. 45, 583-595.

Inglis, F., 2002. The tolerability and safety of cholinesterase inhibitors in the treat-
ment of dementia. Int. J. Clin. Pract. Suppl., 45-63.

Itagaki, S., Mcgeer, P.L., Akiyama, H., Zhu, S., Selkoe, D., 1989. Relationship of
microglia and astrocytes to amyloid deposits of Alzheimer disease. J. Neuroim-
munol. 24, 173-182.

Jack JR., C.R,, Knopman, D.S., Jagust, W.J., Shaw, L.M., Aisen, P.S., Weiner, M.W.,
Petersen, R.C., Trojanowski, J.Q., 2010. Hypothetical model of dynamic biomark-
ers of the Alzheimer’s pathological cascade. Lancet Neurol. 9, 119-128.

Jo, S., Yarishkin, O., Hwang, Y.J., Chun, Y.E., Park, M., Woo, D.H., Bae, ].Y., Kim, T, Lee,
J., Chun, H., Park, H.J., Lee, D.Y., Hong, ]., OHS], Lee, H., Yoon, B.E.,Kim, Y., Jeong, Y.,
Shim, I., Bae, Y.C., Cho, J., Kowall, N.W., Ryu, H., Hwang, E., Kim, D., Lee, CJ., 2014.
GABA from reactive astrocytes impairs memory in mouse models of Alzheimer’s
disease. Nat. Med. 20, 886-896.

Josephs, K.A.,, Whitwell, J.L., Ahmed, Z., Shiung, M.M., Weigand, S.D., Knopman, D.S.,
Boeve, B.F,, Parisi, J.E., Petersen, R.C., Dickson, D.W., Jack Jr., C.R., 2008. Beta-
amyloid burden is not associated with rates of brain atrophy. Ann. Neurol. 63,
204-212.

Jung, E.S., An, K., Hong, H.S., Kim, ].H., Mook-Jung, 1., 2012. Astrocyte-originated ATP
protects Abeta(1-42)-induced impairment of synaptic plasticity. J. Neurosci. 32,
3081-3087.

Kalman, D., Gomperts, S.N., Hardy, S., Kitamura, M., Bishop, J.M., 1999. Ras family
GTPases control growth of astrocyte processes. Mol. Biol. Cell 10, 1665-1683.


http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0005
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0010
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0015
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0015
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0015
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0015
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0015
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0015
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0015
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0015
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0015
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0015
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0020
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0025
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0030
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0035
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0040
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0045
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0050
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0055
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0055
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0055
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0055
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0055
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0055
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0055
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0055
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0055
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0055
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0055
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0060
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0065
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0070
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0075
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0080
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0085
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0090
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0095
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0100
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0105
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0110
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0115
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0120
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0125
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0130
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0135
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0135
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0135
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0135
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0135
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0135
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0135
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0135
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0135
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0140
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0145
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0145
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0145
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0145
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0145
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0145
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0145
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0145
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0145
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0145
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0145
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0145
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0150
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0155
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0160
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0160
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0160
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0160
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0160
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0160
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0160
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0160
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0160
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0160
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0160
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0165
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0165
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0165
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0165
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0165
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0165
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0165
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0165
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0165
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0165
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0165
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0170
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0175
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0175
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0175
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0175
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0175
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0175
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0175
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0175
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0175
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0175
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0175
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0180
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0185
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0185
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0185
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0185
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0185
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0185
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0185
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0185
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0185
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0185
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0185
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0185
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0190
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0190
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0190
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0190
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0190
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0190
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0190
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0190
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0190
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0190
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0190
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0190
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0195
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0200
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0205
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0210
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0215
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0220
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0225
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0230

H. Chun, CJ. Lee / Neuroscience Research 126 (2018) 44-52 51

Kamphuis, W., Kooijman, L., Orre, M., Stassen, O., Pekny, M., Hol, E.M., 2015. GFAP and
vimentin deficiency alters gene expression in astrocytes and microglia in wild-
type mice and changes the transcriptional response of reactive glia in mouse
model for Alzheimer’s disease. Glia 63, 1036-1056.

Kizilarslanoglu, M.C., Ulger, Z., 2015. Role of autophagy in the pathogenesis of
Alzheimer disease. Turk. J. Med. Sci. 45, 998-1003.

Krstic, D., Madhusudan, A., Doehner, ]., Vogel, P., Notter, T., Imhof, C., Manalastas,
A., Hilfiker, M., Pfister, S., Schwerdel, C., Riether, C., Meyer, U., Knuesel, I., 2012.
Systemic immune challenges trigger and drive Alzheimer-like neuropathology
in mice. ]. Neuroinflammation 9, 151.

Kryscio, R]., Abner, E.L., Caban-Holt, A., Lovell, M., Goodman, P., Darke, A K., Yee, M.,
Crowley, J., Schmitt, F.A., 2017. Association of antioxidant supplement use and
dementia in the prevention of alzheimer’s disease by vitamin e and selenium
trial (PREADVISE). JAMA Neurol 74, 567-573.

Levitt, P., Pintar, J.E., Breakefield, X.0., 1982. Immunocytochemical demonstration of
monoamine oxidase B in brain astrocytes and serotonergic neurons. Proc. Natl.
Acad. Sci. U. S. A. 79, 6385-6389.

Levy-Lahad, E., Wasco, W., Poorkaj, P., Romano, D.M., Oshima, ]., Pettingell, W.H.,
Yu, C.E,, Jondro, P.D., Schmidt, S.D., Wang, K., et al., 1995. Candidate gene for the
chromosome 1 familial Alzheimer’s disease locus. Science 269, 973-977.

Lichtenstein, M.P., Carriba, P., Masgrau, R., Pujol, A., Galea, E., 2010. Staging anti-
inflammatory therapy in Alzheimer’s disease. Front Aging Neurosci. 2, 142.

Liddelow, S.A., Guttenplan, K.A,, Clarke, L.E., Bennett, F.C., Bohlen, CJ., Schirmer, L.,
Bennett, M.L., Munch, A.E., Chung, W.S., Peterson, T.C., Wilton, D.K., Frouin, A.,
Napier, B.A., Panicker, N., Kumar, M., Buckwalter, M.S., Rowitch, D.H., Dawson,
V.L.,, Dawson, T.M,, Stevens, B., Barres, B.A., 2017. Neurotoxic reactive astrocytes
are induced by activated microglia. Nature 541, 481-487.

Liou, G.Y., Storz, P., 2010. Reactive oxygen species in cancer. Free Radic. Res. 44,
479-496.

Lipton, S.A., Choi, Y.B., Pan, Z.H., Lei, S.Z., Chen, H.S., Sucher, N.J., Loscalzo, J., Singel,
D.., Stamler, ].S., 1993. A redox-based mechanism for the neuroprotective and
neurodestructive effects of nitric oxide and related nitroso-compounds. Nature
364, 626-632.

Liu, H.C,, Lin, S.K,, Sung, S.M., 2002. Extrapyramidal side-effect due to drug combi-
nation of risperidone and donepezil. Psychiatry Clin. Neurosci. 56, 479.

Luth, HJ., Holzer, M., Gartner, U., Staufenbiel, M., Arendt, T., 2001. Expression of
endothelial and inducible NOS-isoforms is increased in Alzheimer’s disease: in
APP23 transgenic mice and after experimental brain lesion in rat: evidence for
an induction by amyloid pathology. Brain Res. 913, 57-67.

Markesbery, W.R., 1999. The role of oxidative stress in Alzheimer disease. Arch.
Neurol. 56, 1449-1452.

Masters, C.L., Bateman, R., Blennow, K., Rowe, C.C,, Sperling, R.A., Cummings, J.L.,
2015. Alzheimer’s disease. Nat. Rev. Dis. Primers 1, 15056.

Mathis, C.A., Wang, Y., Holt, D.P., Huang, G.F., Debnath, M.L., Klunk, W.E., 2003.
Synthesis and evaluation of 11C-labeled 6-substituted 2-arylbenzothiazoles as
amyloid imaging agents. J. Med. Chem. 46, 2740-2754.

Mawuenyega, K.G., Sigurdson, W., Ovod, V., Munsell, L., Kasten, T., Morris, J.C.,
Yarasheski, K.E., Bateman, RJ., 2010. Decreased clearance of CNS beta-amyloid
in Alzheimer’s disease. Science 330, 1774.

Myer, D.J., Gurkoff, G.G., Lee, S.M., Hovda, D.A., Sofroniew, M.V., 2006. Essential
protective roles of reactive astrocytes in traumatic brain injury. Brain 129,
2761-2772.

Nakamura, T., Lipton, S.A., 2007. Molecular mechanisms of nitrosative stress-
mediated protein misfolding in neurodegenerative diseases. Cell. Mol. Life Sci.
64, 1609-1620.

Narayan, P., Holmstrom, K.M., Kim, D.H., Whitcomb, D.J., Wilson, M.R., ST George-
Hyslop, P., Wood, N.W., Dobson, C.M., Cho, K., Abramov, A.Y., Klenerman, D.,
2014. Rare individual amyloid-beta oligomers act on astrocytes to initiate neu-
ronal damage. Biochemistry 53, 2442-2453.

Nixon, R.A., 2013. The role of autophagy in neurodegenerative disease. Nat. Med. 19,
983-997.

Oberheim, N.A,, Tian, G.F., Han, X., Peng, W., Takano, T., Ransom, B., Nedergaard, M.,
2008. Loss of astrocytic domain organization in the epileptic brain. J. Neurosci.
28,3264-3276.

Orellana, J.A., Shoji, K.F., Abudara, V., Ezan, P., Amigou, E., Saez, P.J., Jiang, ].X., Naus,
C.C,,Saez,].C.,Giaume, C.,2011. Amyloid beta-induced death in neurons involves
glial and neuronal hemichannels. ]. Neurosci. 31, 4962-4977.

Owen, ].B., DI Domenico, F., Sultana, R., Perluigi, M., Cini, C., Pierce, W.M.,
Butterfield, D.A., 2009. Proteomics-determined differences in the concanavalin-
A-fractionated proteome of hippocampus and inferior parietal lobule in subjects
with Alzheimer’s disease and mild cognitive impairment: implications for pro-
gression of AD. J. Proteome Res. 8, 471-482.

Persson, T., Popescu, B.O., Cedazo-Minguez, A., 2014. Oxidative stress in Alzheimer’s
disease: why did antioxidant therapy fail? Oxid. Med. Cell Longev. 2014, 427318.

Pike, CJ., Cummings, B.J., Monzavi, R., Cotman, C.W., 1994. Beta-amyloid-induced
changes in cultured astrocytes parallel reactive astrocytosis associated with
senile plaques in Alzheimer’s disease. Neuroscience 63, 517-531.

Rossi, D., Brambilla, L., Valori, C.F., Crugnola, A., Giaccone, G., Capobianco, R., Mang-
ieri, M., Kingston, A.E., Bloc, A., Bezzi, P., Volterra, A., 2005. Defective tumor
necrosis factor-alpha-dependent control of astrocyte glutamate release in a
transgenic mouse model of Alzheimer disease. J. Biol. Chem. 280, 42088-42096.

Serrano-Pozo, A., Muzikansky, A., Gomez-Isla, T., Growdon, J.H., Betensky, RA.,
Frosch, M.P., Hyman, B.T., 2013. Differential relationships of reactive astrocytes
and microglia to fibrillar amyloid deposits in Alzheimer disease. ]. Neuropathol.
Exp. Neurol. 72, 462-471.

Sheng, W., Zong, Y., Mohammad, A., Ajit, D., Cui, ]., Han, D., Hamilton, J.L., Simonyi,
A, Sun, AY., Gu, Z, Hong, ].S., Weisman, G.A., Sun, G.Y., 2011. Pro-inflammatory
cytokines and lipopolysaccharide induce changes in cell morphology, and upreg-
ulation of ERK1/2, iNOS and sPLA(2)-IIA expression in astrocytes and microglia.
J. Neuroinflammation 8, 121.

Sherrington, R., Rogaev, E.L, Liang, Y., Rogaeva, E.A., Levesque, G., Ikeda, M., Chi, H.,
LIG, Tsuda, T., Mar, L., Foncin, J.F., Bruni, A.C., Montesi, M.P., Sorbi, S., Rainero, I,
Pinessi, L., Nee, L., Chumakov, 1., Pollen, D., Brookes, A., Sanseau, P., Polinsky, R.J.,
Wasco, W,, Silva, D.A.H.A,, Haines, ].L., Perkicak-Vance, M.A., Tanzi, R.E., Roses,
A.D., Fraser, P.E., Rommens, .M., George-HyslopSt, P.H., 1995. Cloning of a gene
bearing missense mutations in early-onset familial Alzheimer’s disease. Nature
375, 754-760.

Shimada, I.S., Borders, A., Aronshtam, A., Spees, ].L.,2011. Proliferating reactive astro-
cytes are regulated by Notch-1 in the peri-infarct area after stroke. Stroke 42,
3231-3237.

Simon, C., Gotz, M., Dimou, L., 2011. Progenitors in the adult cerebral cortex: cell
cycle properties and regulation by physiological stimuli and injury. Glia 59,
869-881.

Simpson, J.E., Ince, P.G., Lace, G., Forster, G., Shaw, P.J., Matthews, F., Savva, G., Brayne,
C., Wharton, S.B., Function M. R. C. C, AGEING NEUROPATHOLOGY STUDY G,
2010. Astrocyte phenotype in relation to Alzheimer-type pathology in the ageing
brain. Neurobiol. Aging 31, 578-590.

Sirko, S., Behrendt, G., Johansson, P.A,, Tripathi, P., Costa, M., Bek, S., Heinrich, C.,
Tiedt, S., Colak, D., Dichgans, M., Fischer, L.R., Plesnila, N., Staufenbiel, M., Haass,
C., Snapyan, M., Saghatelyan, A., Tsai, L.H., Fischer, A., Grobe, K., Dimou, L.,
Gotz, M., 2013. Reactive glia in the injured brain acquire stem cell properties
in response to sonic hedgehog. [corrected]. Cell Stem Cell 12, 426-439.

Sofroniew, M.V., 2009. Molecular dissection of reactive astrogliosis and glial scar
formation. Trends Neurosci. 32, 638-647.

Sollvander, S., Nikitidou, E., Brolin, R., Soderberg, L., Sehlin, D., Lannfelt, L., Erlands-
son, A., 2016. Accumulation of amyloid-beta by astrocytes result in enlarged
endosomes and microvesicle-induced apoptosis of neurons. Mol. Neurodegener.
11, 38.

Spillantini, M.G., Goedert, M., 2013. Tau pathology and neurodegeneration. Lancet
Neurol. 12, 609-622.

Szekely, C.A., Zandi, P.P., 2010. Non-steroidal anti-inflammatory drugs and
Alzheimer’s disease: the epidemiological evidence. CNS Neurol. Disord. Drug
Targets 9, 132-139.

Takalo, M., Salminen, A., Soininen, H., Hiltunen, M., Haapasalo, A., 2013. Protein
aggregation and degradation mechanisms in neurodegenerative diseases. Am.
J. Neurodegener. Dis. 2, 1-14.

Talantova, M., Sanz-Blasco, S.,Zhang, X., Xia, P., Akhtar, M.W., Okamoto, S., Dziewcza-
polski, G., Nakamura, T., Cao, G., Pratt, A.E., Kang, YJ., Tu, S., Molokanova, E.,
Mckercher, S.R., Hires, S.A., Sason, H., Stouffer, D.G., Buczynski, M.W., Solomon,
J.P., Michael, S., Powers, E.T., Kelly, ].W., Roberts, A, Tong, G., Fang-Newmeyer, T.,
Parker, J., Holland, E.A,, Zhang, D., Nakanishi, N., Chen, H.S., Wolosker, H., Wang,
Y., Parsons, L.H., Ambasudhan, R., Masliah, E., Heinemann, S.F., Pina-Crespo, ].C.,
Lipton, S.A., 2013. Abeta induces astrocytic glutamate release, extrasynaptic
NMDA receptor activation, and synaptic loss. Proc. Natl. Acad. Sci. U. S. A. 110,
E2518-E2527.

Tarkowski, E., Andreasen, N., Tarkowski, A., Blennow, K., 2003. Intrathecal inflam-
mation precedes development of Alzheimer’s disease. J. Neurol. Neurosurg.
Psychiatry 74, 1200-1205.

Taylor, J.P., Hardy, J., Fischbeck, K.H., 2002. Toxic proteins in neurodegenerative
disease. Science 296, 1991-1995.

Villemagne, V.L., Burnham, S., Bourgeat, P., Brown, B., Ellis, K.A., Salvado, O., Szoeke,
C., Macaulay, S.L., Martins, R., Maruff, P., Ames, D., Rowe, C.C., Masters, C.L.,
Australian Imaging, B, Lifestyle Research, G, 2013. Amyloid beta deposition,
neurodegeneration, and cognitive decline in sporadic Alzheimer’s disease: a
prospective cohort study. Lancet Neurol. 12, 357-367.

Wang, H., Yuan, G., Prabhakar, N.R., Boswell, M., Katz, D.M., 2006. Secretion of brain-
derived neurotrophic factor from PC12 cells in response to oxidative stress
requires autocrine dopamine signaling. J. Neurochem. 96, 694-705.

Wanner, I.B., Anderson, M.A,, Song, B., Levine, ]., Fernandez, A., Gray-Thompson, Z.,
Ao, Y., Sofroniew, M.V., 2013. Glial scar borders are formed by newly prolif-
erated, elongated astrocytes that interact to corral inflammatory and fibrotic
cells via STAT3-dependent mechanisms after spinal cord injury. J. Neurosci. 33,
12870-12886.

Whitwell, J.L., Josephs, K.A., Murray, M.E., Kantarci, K., Przybelski, S.A., Weigand,
S.D., Vemuri, P., Senjem, M.L., Parisi, J.E., Knopman, D.S., Boeve, B.F., Petersen,
R.C,, Dickson, D.W., Jack Jr., C.R., 2008. MRI correlates of neurofibrillary tan-
gle pathology at autopsy: a voxel-based morphometry study. Neurology 71,
743-749.

Wilhelmsson, U., Bushong, E.A., Price, D.L., Smarr, B.L.,, Phung, V., Terada, M., Ellisman,
M.H., Pekny, M., 2006. Redefining the concept of reactive astrocytes as cells that
remain within their unique domains upon reaction to injury. Proc. Natl. Acad.
Sci. U.S.A. 103, 17513-17518.

Wuy, Z, Guo, Z., Gearing, M., Chen, G., 2014. Tonic inhibition in dentate gyrus
impairs long-term potentiation and memory in an Alzheimer’s [corrected] dis-
ease model. Nat. Commun. 5, 4159.

Wyss-Coray, T., Loike, ].D., Brionne, T.C., Lu, E., Anankov, R, Yan, F., Silverstein, S.C.,
Husemann, J., 2003. Adult mouse astrocytes degrade amyloid-beta in vitro and
in situ. Nat. Med. 9, 453-457.

Yan, LJ., Xiao, M., Chen, R, Cai, Z., 2013. Metabolic dysfunction of astrocyte: an
initiating factor in beta-amyloid pathology? Aging Neurodegener. 1, 7-14.


http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0235
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0240
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0245
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0250
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0255
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0260
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0265
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0265
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0265
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0265
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0265
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0265
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0265
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0265
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0265
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0265
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0265
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0265
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0270
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0275
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0275
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0275
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0275
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0275
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0275
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0275
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0275
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0275
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0275
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0275
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0275
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0280
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0285
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0290
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0295
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0300
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0300
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0300
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0300
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0300
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0300
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0300
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0300
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0305
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0310
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0310
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0310
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0310
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0310
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0310
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0310
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0310
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0310
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0310
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0310
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0315
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0320
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0325
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0330
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0335
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0340
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0345
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0350
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0355
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0360
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0365
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0370
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0375
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0380
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0385
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0390
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0395
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0400
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0405
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0410
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0410
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0410
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0410
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0410
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0410
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0410
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0410
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0410
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0410
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0415
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0420
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0425
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0430
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0435
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0435
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0435
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0435
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0435
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0435
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0435
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0435
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0435
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0435
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0440
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0445
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0450
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0455
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0460
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0465
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0470
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0475

52 H. Chun, CJ. Lee / Neuroscience Research 126 (2018) 44-52

Yoshiyama, Y., Higuchi, M., Zhang, B., Huang, S.M., Iwata, N., Saido, T.C., Maeda, J., Zhang, N., Song, X., Zhang, Y., Chen, W., D’arcy, R.C., Darvesh, S., Fisk, ].D., Rock-
Suhara, T., Trojanowski, J.Q., Lee, V.M., 2007. Synapse loss and microglial activa- wood, K., ALZHEIMER'’S DISEASE NEUROIMAGING, 2011. An MRI brain atrophy
tion precede tangles in a P301S tauopathy mouse model. Neuron 53, 337-351. and lesion index to assess the progression of structural changes in Alzheimer’s

Zamanian, J.L., Xu, L., Foo, L.C., Nouri, N., Zhou, L., Giffard, R.G., Barres, B.A., 2012. disease, mild cognitive impairment, and normal aging: a follow-up study. J.
Genomic analysis of reactive astrogliosis. ]. Neurosci. 32, 6391-6410. Alzheimers Dis. 26 (Suppl. 3), 359-367.

Zhang, YJ., Xu, Y.F,, Liy, Y.H., Yin, J., Wang, ].Z., 2005. Nitric oxide induces tau hyper- Zhao, ]J., O’connor, T., Vassar, R., 2011. The contribution of activated astrocytes to
phosphorylation via glycogen synthase kinase-3beta activation. FEBS Lett. 579, Abeta production: implications for Alzheimer’s disease pathogenesis. J. Neu-

6230-6236. roinflammation 8, 150.


http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0480
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0485
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0485
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0485
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0485
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0485
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0485
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0485
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0485
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0485
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0485
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0485
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0490
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0495
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500
http://refhub.elsevier.com/S0168-0102(17)30692-2/sbref0500

	Reactive astrocytes in Alzheimer’s disease: A double-edged sword
	1 Introduction
	2 Features of AD
	3 Brain inflammation in AD pathogenesis
	4 Reactive astrocytes in AD
	4.1 General description/features of reactive astrocytes
	4.2 Altered characterization of reactive astrocytes related to AD
	4.2.1 Metabolic plasticity
	4.2.2 Gliotransmitters
	4.2.3 Oxidative and nitrosative stress


	5 Therapeutic implications
	Acknowledgements
	References


