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Over  the  last  few  decades,  many  different  groups  have  been  engaged  in studies  of  new  roles  for  mito-
chondria,  particularly  the  coupling  of alterations  in  the redox  pathway  with  the inflammatory  responses
involved  in different  diseases,  including  Alzheimer’s  disease,  Parkinson’s  disease,  atherosclerosis,  cere-
bral cavernous  malformations,  cystic  fibrosis  and  cancer.  Mitochondrial  dysfunction  is important  in
these pathological  conditions,  suggesting  a pivotal  role  for mitochondria  in  the  coordination  of  pro-
inflammatory  signaling  from  the  cytosol  and  signaling  from  other  subcellular  organelles.  In  this regard,
itochondrial dysfunction
nflammatory response
OS

nflammasome
nflammation-related diseases

mitochondrial  reactive  oxygen  species  are  emerging  as  perfect  liaisons  that  can  trigger  the assembly  and
successive  activation  of  large caspase-1-  activating  complexes  known  as  inflammasomes.  This review
offers  a glimpse  into  the mechanisms  by which  inflammasomes  are  activated  by mitochondrial  mecha-
nisms,  including  reactive  oxygen  species  production  and  mitochondrial  Ca2+ uptake,  and  the roles  they
can  play  in  several  inflammatory  pathologies.

© 2016  Elsevier  Ltd. All  rights  reserved.
. Introduction

Over the last few years, it has been demonstrated that pertur-
ations in mitochondrial activities are sufficient to activate innate

mmune responses (Randow and Youle, 2014; Tschopp, 2011; van
er Burgh and Boes, 2015; Wellen and Hotamisligil, 2005), sug-
esting the elegant hypothesis that cells use intracellular stress
esponses to initiate innate immunity programs when pathogens or
nvironmental stresses perturb cell functions. In this regard, mito-
hondrial reactive oxygen species (ROS) are emerging as the perfect
iaisons.

Mitochondria are essential organelles in living cells and are

haracterized by a double membrane and a circular double-
tranded DNA molecule. The double membrane is composed of an
uter layer (mitochondrial outer membrane; OMM),  which allows

∗ Corresponding authors.
E-mail addresses: m.wieckowski@nencki.gov.pl (M.R. Wieckowski),

np@unife.it (P. Pinton).
1 These authors contributed equally to this work.
2 These authors share senior co-authorship.

ttp://dx.doi.org/10.1016/j.biocel.2016.06.015
357-2725/© 2016 Elsevier Ltd. All rights reserved.
the passage of ions (particularly Ca2+) and metabolites, and the
more selective inner membrane (IMM), which is characterized by
invaginations known as cristae (Cogliati et al., 2016). Mitochon-
drial DNA (mtDNA) encodes 13 proteins, all of which are known
components of the mitochondrial electron transport chain (mETC)
(Anderson et al., 1981; Bibb et al., 1981). Due to their biosynthetic
capacities, mitochondria play a central role in supplying the large
amount of energy required for many different cellular functions,
as reviewed in (Braschi and McBride, 2010). Substrates derived
from other intracellular processes, such as glycolysis or fatty acid
metabolism, are converted to acetyl-CoA, which enters the tricar-
boxylic acid cycle (TCA), and its complete degradation is coupled
with the production of NADH and FADH2, which are the effective
electron donors for the mETC. The energy is stored as an electro-
chemical gradient across the IMM,  which explains the presence
of the negative mitochondrial membrane potential (�Y). F1Fo-
ATP synthase allows H+ to cross the IMM  and reenter the matrix,
coupling the energy derived from the proton gradient with the

phosphorylation of ADP to produce ATP (Johnson and Ogbi, 2011).
The new ATP molecules are then ready to leave the mitochondria.

Although the roles of mitochondria and the endoplasmic retic-
ulum (ER) are classically distinct, accumulating evidence indicate

dx.doi.org/10.1016/j.biocel.2016.06.015
http://www.sciencedirect.com/science/journal/13572725
http://www.elsevier.com/locate/biocel
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 privileged interplay and cooperation with the ER, which is essen-
ial for several mitochondrial functions, such as lipid metabolism,

odulation of Ca2+ signaling, selective autophagy, apoptotic death
nd inflammation (Contreras et al., 2010; Giorgi et al., 2015;
opez-Crisosto et al., 2015; Marchi et al., 2014; Raturi and
immen, 2013; Vance, 2014). ER-mitochondria Ca2+ transfer mod-
lates mitochondrial bioenergetics (Glancy and Balaban, 2012),
itophagy (segregation and elimination of the damaged mitochon-

ria) (Rimessi et al., 2013) and cell fate (Rimessi et al., 2008), which
ignificantly affects the mitochondrial ROS production capacity.

Over the last few decades, many different groups have been
ngaged in studies to comprehend new roles for the mitochon-
ria, particularly in coupling the alterations in the redox pathway
ith the inflammatory responses involved in different pathologi-

al conditions, such as neurodegenerative diseases, motor neuron
isorders, genetic diseases, aging and cancer.

The aim of the present review is to discuss the role of the
itochondria in coordinating pro-inflammatory signaling from the

ytosol and signaling from other subcellular organelles.

. Mitochondrial ROS production systems

For years, mitochondria were considered the main source of
ntracellular ROS in both physiology and pathology. In the 1970s,
hance et al. first proposed that 1–2% of the cellular oxygen used in
xidative phosphorylation, which accounts for 90–95% of the total
ellular oxygen consumption, can be converted to anion superox-
de (O2

•−) as a result of electron leakage from the respiratory chain
Chance et al., 1979). Although it was propagated through the lit-
rature, this percentage was not accurate, as it was  valid for only

 particular set of experimental conditions (Murphy, 2009). The
reatest criticism against this dogma was presented in 2012 by
rown and Borutaite, who presented a list of examples demon-
trating that mitochondria do not seem to be the main source of
OS under physiological conditions (Brown and Borutaite, 2011).
ther authors who used different experimental settings estimated

hat approximately 0.1% of the cellular oxygen can be converted to
2

•− in the mitochondrion, leaving open the possibility that the ER
nd peroxisomes may  have greater capacities to produce ROS than
he mitochondria, at least in the liver (Fridovich, 2004). Many dif-
erent sites of ROS production have been identified in mammalian

itochondria, including complex I and complex III of the mETC and
he dihydrolipoamide dehydrogenase enzyme (Kudin et al., 2008;

ailloux et al., 2013; Murphy, 2009; Quinlan et al., 2013). Complex
 produces superoxide in two ways: (a) a reduced flavin mononu-
leotide (FMN) site on complex I (a high ratio of NADH/NAD+) and
b) reverse electron transfer from the coenzyme Q (CoQ) pool back
o complex I.

Under physiological conditions, ROS production by complex III
s much lower than ROS production by complex I. However, the
ole of complex III in superoxide production is much more impor-
ant when it is inhibited. Complex II (succinate dehydrogenase) was
ot considered a ROS producer per se;  however, its contribution to
OS formation is related to reverse electron transfer, the process
y which electrons are transferred from succinate to ubiquinone
ia complex II and then back to complex I, where ROS are produced
Liu et al., 2002; Yankovskaya et al., 2003).

In addition to the above-mentioned mitochondrial respiratory
hain complexes, other mitochondrial proteins also participate
n ROS production. Mitochondrial enzymes, such as acyl-CoA
ehydrogenase and glycerol �-phosphate dehydrogenase (both

avoproteins), are involved in ROS generation in tissues dur-

ng the oxidation of lipid-derived substrates (Lambertucci et al.,
008; St-Pierre et al., 2002). Other enzymes, such as pyru-
ate and �-ketoglutarate dehydrogenase, which both contain the
hemistry & Cell Biology 81 (2016) 281–293

flavoenzyme dihydrolipoyl dehydrogenase subunit, are additional
mitochondrial ROS sources (Starkov et al., 2004). In addition,
monoamine oxidase and dihydroorotate dehydrogenase are other
documented sources of ROS in the mitochondria (Cadenas and
Davies, 2000; Lenaz, 2001). Other examples of mitochondrial
enzymes that are involved in superoxide production include the
adrenodoxin reductase-adrenodoxin-cytochrome P450scc (choles-
terol side chain cleavage) system, which is coupled with the NADPH
pool in the mitochondrial matrix (Hanukoglu et al., 1993). In
addiction, anion superoxide may  react with other radicals, includ-
ing nitric oxide (NO), producing reactive nitrogen species (RNS)
(Radi et al., 2002). The RNS interact with mitochondrial compo-
nents, leading to a range of biological responses spanning from
modulation of mitochondrial respiration to apoptotic cell death.
In particular, NO is a signaling molecule that plays a key role
in the pathogenesis of inflammation, as a toxic agent towards
infectious organisms or as immunoregulator (Bogdan et al., 2000;
Brunet, 2001). NO functions as a pro-inflammatory mediator at low
concentrations by inducing vasodilatation and neutrophil recruit-
ment, whereas at high concentrations, it down-regulates adhesion
molecules, suppresses activation and induces apoptosis of inflam-
matory cell (Albina et al., 1991; Lu et al., 1996; Shin et al., 1996).
NO is a mediator of Natural Killer (NK) cell killing of target cells
and regulates NK cell function (Cifone et al., 2001); it inhibits
mast cell activation and can enhance or inhibit neutrophil acti-
vation, depending on its concentration (Armstrong, 2001; Bidri
et al., 2001; Forsythe et al., 2001). NO induces vasodilatation in
the cardiovascular system and is involved in immune responses by
cytokine-activated macrophages (Coleman, 2001).

Another protein, p66Shc, binds cytochrome c (cyt c) when it is
translocated to the mitochondrial inter membrane space (IMS) and
then subtracts electrons from the mitochondrial respiratory chain
and acts as a redox-enzyme, generating H2O2 (Giorgio et al., 2005).

A more detailed description of the sites where different ROS are
produced is presented in Table 1.

2.1. The multitarget effects of mitochondrial ROS: mtDNA,
mitochondrial membranes (lipids) and pivotal mitochondrial
proteins

Excessive ROS levels may  be generated by mechanisms that
produce ROS in a nonregulated fashion, including ROS produc-
tion by the mETC, the most quantitatively important source of
ROS in higher organisms. Thus, mitochondrial structures are par-
ticularly susceptible to oxidative damage, as evidenced by mtDNA
mutations, lipid peroxidation and protein oxidation (Cadenas and
Davies, 2000).

2.1.1. Mitochondrial DNA
The mitochondrial genome displays an interesting feature. The

subunits of the complexes in the mETC are produced partially from
nuclear DNA transcription and partially from mtDNA transcrip-
tion. However, mitochondrial transcription is coupled to mtDNA
replication; therefore, a high mtDNA copy number and frequent
replication are essential to maintaining the integrity of the mETC
and a high level of ATP production (Kelly et al., 2012; Moyes et al.,
1998; Trounce, 2000). The integration of the majority of mitochon-
drial proteins into the nuclear DNA reduced the size of mtDNA; the
double-stranded closed circular mitochondrial genome is 16 kb and
encodes only 13 of the subunits of the mETC, along with 22 tRNAs
and 2 rRNAs (Anderson et al., 1981; Bibb et al., 1981). In addition,

mtDNA displays a regulatory non-coding region, the displacement
loop (D-loop), which primes DNA transcription and replication
(Kucej and Butow, 2007) and which is a target of nuclear-encoded
proteins.
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Table  1
Detailed description of the types of ROS generated at different sites in the mitochondrion.

Protein/complex Mitochondrial
compartment

Type of ROS
produced

Site of ROS
production

Ref. Role in pathogenic-
ity/inflammation

Mitochondrial cytochrome b5
reductase

OMM O2
•− cytosol or IMS  (Whatley et al.,

1998)
(Lund et al.,
2015)

Monoamine oxidases (MAO-A and
MAO-B)

OMM H2O2 cytosol (Kunduzova
et al., 2002)

(Chaaya et al.,
2011;
Vuohelainen
et al., 2015)

Apoptosis-inducing factor (AIF) IMS O2
•− cytosol and IMS (Miramar et al.,

2001)
(Thornton and
Hagberg, 2015)

p66  Shc IMS  H2O2 IMS  (Giorgio et al.,
2005)

(Tomilov et al.,
2010; Yang et al.,
2016)

Zn-Cu  superoxide dismutase (SOD1) IMS  H2O2 IMS  (Jezek and
Hlavata, 2005)

(Li et al., 2011; Ni
et al., 2016)

Dihydroorotate dehydrogenase
(DHODH)

IMM  H2O2 and O2
•− IMS  (Forman and

Kennedy, 1975)
(Fitzpatrick et al.,
2010; Leban and
Vitt, 2011)

Glycerol-3-Phosphate Dehydrogenase
(mGPDH)

IMM H2O2 IMS  (Mracek et al.,
2009(Mracek
et al., 2009)

(Raja Gopal
Reddy et al.,
2016)

NADH:  ubiquinone oxidoreductase
(C.I)

IMM  O2
•− matrix (Muller et al.,

2004)
(Huang et al.,
2007; Kelly et al.,
2015)

Ubiquinol: cytochrome c
oxidoreductase (C.III)

IMM  O2
•− IMS  and matrix (Jezek and

Hlavata, 2005;
Muller et al.,
2004)

(Aguilera-Aguirre
et al., 2009)

�-ketoglutarate dehydrogenase
complex (�-KGDHC)

matrix/IMM O2
•− and H2O2 matrix (Starkov et al.,

2004; Tahara
et al., 2007)

Pyruvate dehydrogenase complex
(PDC)

matrix O2
•− and H2O2 matrix (Tahara et al.,

2007)
(Meiser et al.,
2016; Xu et al.,
2015)

Aconitase matrix OH• matrix (Vasquez-Vivar
et al., 2000)

(Talib and Davies,
2016)

Mn  superoxide dismutase (SOD2) matrix H2O2 matrix (Jezek and
Hlavata, 2005)

(Ishihara et al.,
2015; Majolo
et al., 2015;
McCarthy et al.,
2013)

Electron transfer flavoprotein matrix O2
•− matrix (Jezek and

Hlavata, 2005)
(Hussain et al.,
2006; Salomone
et al., 2014)

Electron transfer flavoprotein quinone matrix O2
•− matrix (St-Pierre et al.,
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The reduced dimensions and absence of histones allow the
tDNA to rapidly respond to replicative stimuli; however, its close

roximity to the IMM, where the majority of ROS are generated,
akes it very susceptible to oxidative damage when ROS produc-

ion exceeds the antioxidant defenses (Brondani et al., 2012).
The hydroxyl radical represents the most effective mtDNA dam-

ging radical, as it is able to directly react with all components
f DNA, such as purine and pyrimidine bases and the deoxyribose
ugar backbone.

The D-loop region can be highly vulnerable compared with the
est of the mtDNA (Tewari et al., 2012a). Oxidative damage to
his promoter region may  reduce the number of mtDNA copies
Tewari et al., 2012b) and subsequently decrease the transcription
f the mETC gene set, resulting in structural alteration of the multi-
rotein complexes and increased free radical production. When
hese ROS exceed the antioxidant defenses, a vicious cycle of DNA
amage, impaired protein translation, and increased ROS produc-
ion may  begin.
.1.2. Lipid alterations
As the mETC is the major ROS producer in mitochondria, the

hospholipids present in mitochondrial membranes are particu-
2002)

larly prone to ROS-induced oxidative attack. Their oxidation may
result in the rearrangement of lipids from a fluid lamellar phase
to different structures (Sankhagowit et al., 2016). In turn, these
alterations in membrane fluidity and permeability may  affect all
of the functions associated with the IMM,  including the mETC,
the mitochondrial permeability transition pore (mPTP) and ATP
synthase activities and the mitochondrial Ca2+ buffering capacity.
Consistently, when Szeto-Schiller peptides coupled with an antiox-
idant have been used to target cardiolipin (CL) in the IMM  (Szeto,
2014b), the prevention of CL oxidation optimizes cristae archi-
tecture, improves mitochondrial bioenergetics, and reduces ROS
production.

Under hydroxyl radical attack, polyunsaturated fatty acids may
undergo fragmentation to produce several reactive by-products,
two of which are the reactive aldehydes malondialdehyde (MDA)
and 4-hydroxynonenal (HNE) (Uchida, 2003). MDA and HNE cova-
lently react with the side chains of histidine, cysteine, and lysine
residues (Schaur, 2003), resulting in the attachment of a free
carbonyl to the protein or the formation of inter- or intrapro-

tein crosslinks at lysine side chains (Bruenner et al., 1995). These
modifications can occur at the enzyme active site and can inacti-
vate protein function. Alternatively, these modifications can create
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ydrophobic patches that mediate the interactions between oxi-
ized proteins and determine the formation of protein aggregates
Levine et al., 1994). In particular, MDA  and HNE interact with and
nactivate mETC components, including complexes I (a rate- lim-
ting step for the mETC), III and IV (Musatov et al., 2002; Paradies
t al., 2002).

Cyt c is a small hemoprotein residing in the IMS  and is an essen-
ial component of mETC, where it carries one electron. As a member
f the mETC, cyt c is often associated with the external side of
he IMM  but can be released to the cytosol as part of the intrin-
ic apoptotic signaling pathway. In addition to its electron transfer
ctivity, cyt c can catalyze several reactions, such as hydroxyla-
ion and peroxidation. In particular, peroxidative activity is greatly
ncreased after oxidation of its Met80 residue by the action of H2O2
nd lipid hydroperoxides (Chen et al., 2002); subsequently, the
inding of CL further increases peroxidase activity (Kagan et al.,
005). Peroxidation is principally exerted on CL itself, generating
L hydroperoxides.

.1.3. Protein carbonylation
In contrast to the oxidation of -SH residues, which can be

eversed by glutathione peroxidase and peroxiredoxin activities,
rotein carbonylation and other aldehydic modifications cannot
e repaired; consequently, the modified proteins and aggregates
ust be degraded by selective proteolysis (Kastle and Grune, 2011).
hen these modified proteins and aggregates are not properly

emoved, they can significantly impair cellular functions and can
ontribute to cellular dysfunction. However, proteasomes are not
resent in mitochondria. The essential function of removing oxi-
ized proteins is handled by three ATP-stimulated proteases in
itochondria: Lon protease, Clp-like protease and AAA protease.

he first two proteases are located in the matrix, and the third is
ocalized to the IMM.  Together, these proteases maintain oxidized
roteins at the lowest possible levels (Bota et al., 2005; Escobar-
enriques and Langer, 2006).

.2. Mitochondrial ROS detoxification systems

O2
•− is a highly reactive state of oxygen; it exhibits a short

alf-life and is present at low concentrations in mitochondria
Giorgio et al., 2007). O2

•− can be detoxified through the action
f the mitochondrial manganese superoxide dismutase (MnSOD),

 matrix-abundant and highly efficient enzyme that can convert
uperoxide to hydrogen peroxide under physiological conditions at

 rate faster than the rate at which the O2
•− can oxidize its potential

argets. H2O2 is the more stable and less reactive form of oxygen
adical; consequently, H2O2 has a longer diffusion radius and can
xit the mitochondrion and enter other subcellular organelles, such
s the nucleus, to act on DNA (Candas and Li, 2014). The increased
alf-life and concentration of H2O2 make it a suitable second mes-
enger, although it becomes a proapoptotic/necrotic agent when
t exceeds a threshold amount (Giorgio et al., 2007). In the mito-
hondrial IMS, O2

•− dismutation is predominantly performed by
he cytosolic copper-zinc-SOD (Okado-Matsumoto and Fridovich,
001).

H2O2 can be broken down by catalases (Kirkman and Gaetani,
007). Catalase is a Fe-heme-containing enzyme; in its tetrameric
orm, it exhibits one of the highest turnover numbers among all
nzymes. This property makes catalase a non-saturable enzyme
r, in other words, an enzyme whose reaction rate is limited
nly by substrate diffusion. Catalase is an oxidoreductase that cat-
lyzes the following reaction: H2O2 + H2R → 2H2O + R. Catalase can

ecompose two molecules of H2O2 to water and oxygen (R = O2);
lternatively, it can use H2O2 to oxidize various metabolites and
oxins. Catalase is expressed at higher levels in peroxisomes than
n the mitochondria, where other enzymes, such as glutathione
hemistry & Cell Biology 81 (2016) 281–293

peroxidases (GPx) and peroxiredoxins (Prx) (Koopman et al., 2010;
Murphy, 2009), cooperate with catalase to detoxify H2O2. GPx uses
glutathione (GSH) as a cofactor and electron source to directly
reduce H2O2 to water. GSH is produced in the cytosol and is then
transported into the mitochondrial matrix, where 2 molecules of
GSH can be oxidized to GSSG through the formation of an inter-
molecular disulfide bridge. GSH is regenerated from GSSG by the
action of glutathione reductase, which requires NADPH. Prx is
another antioxidant enzyme that is present at high levels in the
mitochondria (Chang et al., 2004). The conversion of H2O2 into
H2O requires Prx oxidation, rendering it inactive; Prx requires the
donation of electrons from reduced thioredoxin to restore its cat-
alytic activity. In turn, the latter requires NADPH and the action of
thioredoxin reductase-2 to be regenerated.

Decomposition of H2O2 can also be achieved through a non-
enzymatic mechanism known as the Fenton reaction, which
requires the participation of metal ions (iron or copper) as a cat-
alyst. This reaction uses H2O2 as a reactant; it can use O2

•− or
other electron donors to reduce the metal to its active form and
results in the degradation of H2O2 to produce water and a highly
reactive, non-selective oxidant, the hydroxyl radical (OH•) (Giorgio
et al., 2007). This molecule displays the highest reactivity and,
consequently, the lowest half-life and concentration among the
ROS. Unlike O2

•− and H2O2, OH• cannot be scavenged through
enzymatic reactions; its detoxification occurs through the actions
of a wide number of antioxidants, which terminate the oxida-
tive action of the radical that is subsequently regenerated by the
actions of other antioxidants. Among these antioxidants, GSH plays
a pivotal role because it not only directly neutralizes the lipid rad-
icals formed by the hydroxyl radical attack but also restores the
reduced form of hydrosoluble antioxidants, such as ascorbic acid,
and lipid-soluble reductants, including tocopherols, tocotrienols,
carotenoids, flavonoids and lipoic acid (Valko et al., 2007). When
these compounds are partitioned into the mitochondrial mem-
branes, they are able to trap and scavenge lipid peroxyl radicals,
thereby preventing the propagation of lipid peroxidation (Smith
et al., 1999).

Although all these antioxidant molecules have shown great
potential for mitochondria protection in vitro, many extensive clin-
ical trials using conventional antioxidants such as vitamin E or
vitamin C did not confirm the expectations (Bjelakovic et al., 2008;
Cocheme and Murphy, 2010). The hypothesis of a nonselective
biodistribution, with only trace amount of drugs being taken up
by mitochondria, can represent a reasonable explanation of these
unexepected results. Therefore, new classes of mitochondrial ROS
scavengers have been developed to specifically target biologically
active molecules to mitochondria. Szeto-Schiller peptides sponta-
neously target and accumulate at the IMM,  where they bind CL and
exert antioxidant activity (Szeto, 2014a). Prevention of CL oxida-
tion has been shown to optimize cristae architecture, improving
mitochondrial bioenergetics and reducing ROS production.

Alternatively, coupling a lipophilic triphenylphosphonium moi-
ety to several antioxidants, such as coenzyme Q and vitamin E,
allows these antioxidants to be able to be taken up by and enriched
in the mitochondria by several hundred fold (Smith and Murphy,
2011), greatly improving their antioxidant capacities in several
pathologies. These compounds protect the mitochondria from
oxidative damage induced by iron/ascorbate far more effectively
than vitamin E itself, whereas mitochondria-targeted ubiquinone
(MitoQ) can reduce cardiac ischemia/reperfusion injury (Adlam
et al., 2005). Using MitoQ, inflammatory cytokine production was
abolished following LPS stimulation in cells from patients with TNF

receptor-associated periodic syndrome, an autoinflammatory dis-
order associated with enhanced innate immune responsiveness in
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hich mutations of the TNF receptor-1 gene lead to aberrant mito-
hondrial ROS production (Simon et al., 2010).

.3. The role of mitochondrial ROS in inflammation-related
iseases

Deviation of the mitochondrial biochemical status quo trig-
ers activation of the inflammatory response. In general, oxidative
tress can incite inflammation, and excess inflammation can
ause oxidative stress, inducing excessive cell and tissue damage
nd ultimately leading to the destruction of normal tissue and
hronic inflammation. This feedback loop is also accrued by NLRP3
nflammasome activation, leading to mitochondrial damage and

itophagy inhibition (Yu et al., 2014). The accumulation of dam-
ged mitochondria is responsible for ROS production and increased
nterleukin-1� (IL-1�) secretion (Nakahira et al., 2011), although
his mechanism can work in the opposite direction, as some
utophagy proteins are also necessary for IL-1� release (Zhang
t al., 2015). Defects in mitophagy have been suggested to play
oles in neurodegenerative diseases, such as Parkinson’s disease
PD) and Alzheimer’s disease (AD) (Osellame and Duchen, 2013;

ong and Holzbaur, 2015). Both of these pathologies are charac-
erized by the accumulation of toxic proteins and their aggregates
n mitochondria, leading to energy deficits, excessive ROS gener-
tion, mutations in both the mtDNA and the proteins regulating
itochondrial homeostasis, and impaired mitochondrial dynam-

cs. Together, these effects result in neuronal damage as well as
onstant activation of microglia and astrocytes (Witte et al., 2010).

 direct link between the NLRP3 inflammasome and the develop-
ent of AD has been shown in transgenic mice that are deficient

n both NLRP3 and caspase-1 and that develop chronic amyloid-�
eposition. These mice display reduced chronic amyloid- � secre-
ion, neuronal inflammation and cognitive impairment, in addition
o skewed numbers of microglial cells (Heneka et al., 2013). In
D, the neurons contain aggregated inclusions that are primarily
omposed of �-synuclein (Shulman et al., 2011), a protein that is
ble to activate the inflammasome by inducing caspase-1 activation
nd mature IL-1� production. This pathway requires phagocytosis,
athepsin B, and ROS production, which are thought to lie upstream
f NLRP3 activation (Codolo et al., 2013).

The evidence gathered from animal and human studies points
o central roles for inflammation and the mitochondria in the
nitiation and development of multiple sclerosis (MS). MS  is con-
idered a prototypic autoimmune disease and is characterized by
emyelination, inflammation, gliosis and axonal damage (Kidd,
001). Mitochondrial abnormalities, such as changes in the number
nd shape of the mitochondria and in the levels of components of
he respiratory chain complex and markers of oxidative stress, drive
he inflammatory processes in MS  (Bonora et al., 2014; Kalman and
eist, 2003). Furthermore, impaired mitochondrial complex I activ-
ty in chronic active plaque zones was associated with oxidative
amage to the mtDNA (Lu et al., 2000) and constitutive mitochon-
rial energy loss as a cause of the intermittent demyelination and
rofound central nervous system symptoms that mimic  MS  (Powell
t al., 1990). The released cytokines, particularly tumor necrosis
actor-� (TNF-�),  induce metabolic changes driven by mitochon-
rial impairments, ROS production and AMP-activated protein
inase (AMPK) activation, resulting in the inhibition of oligoden-
rocyte progenitor cell differentiation (Bonora et al., 2014). NLRP3
xpression is increased in the spinal cord during the progression
f experimental autoimmune encephalomyelitis; NLRP3-deficient
ice have a dramatically delayed course and reduced severity
f this disease (Gris et al., 2010; Inoue et al., 2012). In addi-
ion, a study using the cuprizone model of MS demonstrated that
LRP3-deficient mice exhibited delayed demyelination and oligo-
endrocyte loss (Jha et al., 2010). The mitochondria-MS connection
hemistry & Cell Biology 81 (2016) 281–293 285

was further reinforced by the observation of an increased incidence
of some LHON (Leber’s hereditary optic neuropathy, a mitochon-
drial disease) mutations in patients with MS  (Kalman et al., 1995).

Friedreich ataxia (FA), a mitochondrial disease, is associated
with neuroinflammation, neurodegeneration, cardiomyopathy and
diabetes (Durr and Brice, 2000; Ristow et al., 2003). This pathologi-
cal etiology derives from mutations in the frataxin gene, causing
reduced expression of the mitochondrial protein and oxidative
damage (Campuzano et al., 1997). Frataxin is involved in the bio-
genesis of iron-sulfur clusters, and defects in its expression cause an
increase in ROS production by decreasing thiol-dependent antioxi-
dant protection and increasing free iron and redox cycling (Vaubel
and Isaya, 2013). In neural Schwann cells, the loss of frataxin
expression induces explicit inflammation, oxidative stress, and cell
death (Lu et al., 2009). The neuroinflammatory and neurodegen-
erative consequences are mediated by a decrease in antioxidant
protection (such as peroxiredoxins, glutaredoxins, and glutathione
S-transferase) and an induction of prostaglandin synthases, specif-
ically cyclooxygenase 2 (COX2) (Hayashi et al., 2014; Shan et al.,
2013).

Chronic inflammation plays an essential role in the initiation
and progression of metabolic disorders such as atherosclerosis.
The development of atherosclerosis is associated with excessive
mitochondrial ROS production within the vasculature. Specific
mitochondrial antioxidant enzymes, such as MnSOD and Trx2,
are known to protect against the endothelial dysfunction induced
by atherosclerotic lesions in ApoE-deficient mice (Ohashi et al.,
2006; Zhang et al., 2007). Similarly, in the same mouse model
of atherosclerosis, the lack or blockade of IL-1� significantly
decreased the sizes of the atherosclerotic lesions (Bhaskar et al.,
2011; Kirii et al., 2003). Indeed, data demonstrated that nitric
oxide in ischemic conditions mediates cardioprotection after
ischemia/reperfusion. The mechanism involves the inhibition of
mitochondrial complex I by S-nitrosation, leading to a subse-
quent decrease in mitochondrial ROS generation, limiting apoptosis
and cytotoxicity at reperfusion (Shiva et al., 2007). ROS produc-
tion also plays a role in ischemia-reperfusion injury. Although
apparently conflicting, convincing evidence indicates that exces-
sive ROS production can mediate post-ischemic injury. In fact,
an increase in ROS seems to be dependent on the integrity of
respiratory supercomplexes (Rosca et al., 2008); consequently,
hypoxic conditions, which lead to mitochondrial fusion, mem-
brane potential impairment and supercomplex disassembly, could
be responsible for the paradoxical observation associating a low
[O2] to an increase in ROS production (Baracca et al., 2010;
Genova et al., 2008). The detection of increased levels of ROS
and lipid peroxidation products in post-ischemic tissues, such as
the protective effect of antioxidants against reperfusion injury,
support the involvement of ROS in ischemia/reperfusion injury.
Moreover, hypertension is also associated with increased ROS pro-
duction, which contributes to blood pressure regulation (Harrison
and Gongora, 2009). Angiotensin II-induced activation of NADPH
oxidase further increases mitochondrial dysfunction and mito-
chondrial ROS production (Doughan et al., 2008). NO may interfere
with ROS generation by NADPH oxidase, suppressing its activity
by S-nitrosylation (Selemidis et al., 2007). Importantly, transgenic
mice that overexpress Trx2 resist the development of angiotensin
II-induced hypertension and endothelial dysfunction (Widder et al.,
2009).

Mitochondria are indispensable for energy metabolism, cell sig-
naling and apoptosis regulation. The mitochondria in malignant
cells differ structurally and functionally from those in normal

cells and are characterized by ROS overproduction, which pro-
motes metabolic reprogramming and genomic instability, modifies
gene expression and participates in signaling pathways that induce
cancer development (Rimessi et al., 2015b). Oncogene hyperacti-
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ation has long been associated with elevated mitochondrial ROS
evels. The expression of oncogenic H-RAS and K-RAS promotes

itochondrial changes that lead to ROS overproduction by and
amage to mitochondria (Hu et al., 2012; Rimessi et al., 2014).
ctopic MYC  overexpression induced mitochondrial ROS produc-
ion and concomitantly increased oxidative DNA damage (Shagun
t al., 2006). The contributions of ROS and the inflammasomes
hat are induced by mitochondria in cancer cells are controver-
ial; they can positively affect cell-autonomous death pathways
nd anticancer immunosurveillance, but they may  also stimulate
utocrine or paracrine processes that favor carcinogenic inflam-
ation, tumor growth, metastasis and angiogenesis (Zitvogel et al.,

012). A protective role for NLRP3 has been described in hepatocel-
ular carcinoma (Wei  et al., 2014); NLRP3 and caspase-1 null mice
re more susceptible to azoxymethane/dextran sulfate sodium-
nduced carcinogenesis (Allen et al., 2010; Zaki et al., 2010). Based
n this evidence, the discovery of NLRC4 as a downstream tran-
criptional target of p53 constituted promising evidence for the
nti-tumorigenic functions of NLR (Sadasivam et al., 2005). More-
ver, the lack of the NLRC4 inflammasome has been associated with
he attenuation of p53- mediated cell death, which is indicative
f a protective role for NLRC4 during tumor development. Given
he ambiguity of the roles of inflammasomes in cancer, which are
trictly dependent on the neoplasm type and stage, the cell type
ecruited and the environmental conditions, it is not possible to
ormulate an unequivocal set of indications to stimulate or inhibit
nflammasomes in the context of therapy.

The pathophysiological importance of the mitochondrial redox
tatus, inflammation and apoptosis regulation was also taken into
onsideration during the study of cerebral cavernous malforma-
ions (CCMs) (Goitre et al., 2010). CCM1 is an autosomal dominant
isease caused by mutations in the Krev Interaction Trapped 1
KRIT1) gene and characterized by multiple brain lesions that
ften result in intracerebral hemorrhage, seizures, and neurolog-
cal deficits. Emerging evidence shows that inflammation and the
mmune response play roles in CCM1 pathogenesis and may  be
sed as predictors of disease severity (Choquet et al., 2014). Krit1
blation leads to a significant increase in intracellular ROS lev-
ls due to modulation of the expression of the mitochondrial
ntioxidant MnSOD, a drastic decrease in mitochondrial energy
etabolism and autophagy suppression, and a subsequent increase

n the susceptibility to oxidative damage (Goitre et al., 2010;
archi et al., 2015; Marchi et al., 2016). The inflammatory cytokine

enes are involved in the pathogenesis of brain vascular disease,
s observed in patients with brain arteriovenous malformations
nd in CCM1 subjects with intracerebral hemorrhage (Choquet
t al., 2014; Fontanella et al., 2012). Multiple genetic polymor-
hisms in inflammatory cytokines have been reported to act as
odifying factors in numerous diseases, including the severity of

ulmonary disease in patients with cystic fibrosis (CF) (Pasaniuc
t al., 2011). Chronic airway infection by Pseudomonas aeruginosa
P. aeruginosa)  is a common pathological manifestation in patients
ith CF and is associated with an excessive inflammatory response

haracterized by the accumulation of large amounts of cytokines,
ncluding IL-1� (Levy et al., 2009). IL-1� levels are increased in
he bronchoalveolar lavage fluid (BALF) of patients with CF, and
L-1  ̌ gene polymorphisms have been associated with varying
egrees of disease severity in patients with CF (Douglas et al.,
009; Levy et al., 2009). Recently, we demonstrated that the
egree and quality of the inflammatory response in CF are sup-
orted by P. aeruginosa-dependent mitochondrial perturbations,

n which the mitochondrial Ca2+ uniporter (MCU) is a signal-

ntegrating organelle that mediates mitochondrial ROS-dependent
nflammasome activation (Rimessi et al., 2015a). Manipulation of
he MCU  has indicated a link between mitochondrial Ca2+ signal-
ng and P. aeruginosa-dependent inflammasome activation in CF,
hemistry & Cell Biology 81 (2016) 281–293

demonstrating that the exacerbated inflammatory response in CF is
sustained by the recruitment of both the NLRP3 and NLRC4 inflam-
masomes (Fig. 1). This result suggests that the inflammasome is
a highly dynamic macromolecular platform that is able to recruit
different Nod-like receptors (NLRs), as also shown by Salmonella
infection that simultaneously activates NLRC4 and NLRP3 in an
apoptosis-associated speck-like protein ring-like structure (Man
et al., 2014).

2.4. Inflammation-associated or sensing proteins:
inflammasomes

Nod-like receptors are an evolutionarily conserved family of
receptors that reside in the cytoplasm and recognize pathogen-
and danger-associated molecular patterns (PAMPS and DAMPs) to
activate pro-inflammatory responses through specific intracellu-
lar signaling pathways (MacMahon, 1991). Certain NLRs induce
the assembly of a large caspase-1-activating complex known as
the inflammasome, which leads to the processing and secretion
of the pro-inflammatory cytokines IL-1� and IL-18 (Martinon et al.,
2002). To date, four inflammasomes have been well characterized
and defined according to the NLR protein that they contain: NLRP1,
NLRC4, NLRP3 and AIM2 (absent in melanoma 2). Among them,
the best-characterized inflammasome coupled to mitochondria is
NLRP3 (Martinon et al., 2006).

Several DAMPs, such as extracellular ATP, alum hydroxide, silica
crystals, urea crystals, nigericin, and bacteria, viruses, and fun-
gal infections, activate the NLRP3 inflammasome (Anand et al.,
2011). Longstanding questions in this field include how NLRP3
recognizes these different ligands and whether a common signal
converges downstream of PAMPs and DAMPs to activate NLRP3.
NLRP3 activation requires two  signals: a priming signal that is
required to upregulate NLRP3 and pro-IL1� and an activation sig-
nal that prompts NLRP3 to assemble the inflammasome complex
(Fig. 1). The requirement for a second signal to activate NLRP3 may
constitute a fail-safe mechanism to ensure that potent inflamma-
tory responses are induced only in the presence of a bona fide
stimulus. The bona fide stimuli include potassium efflux out of
the cell, the generation of mitochondrial ROS, the translocation of
NLRP3 to the mitochondria, the release of mitochondrial DNA or
CL, and the release of cathepsins into the cytosol following lysoso-
mal  destabilization (Lamkanfi and Dixit, 2014). The role of ROS in
activating the inflammasome is supported by studies using a vari-
ety of different inflammasome signaling modulators (reviewed in
(Martinon, 2010; Tschopp and Schroder, 2010)). There are exam-
ples of specific inflammasome-activating signals that are associated
with the mitochondria and ROS, such as silica (Hu et al., 2007), ATP
(Cruz et al., 2007) and bacterial infection (Rimessi et al., 2015a),
which result in NLRP3 activation and pro-inflammatory cytokine
release.

The link between NLRP3 and mitochondria is strengthened by
its subcellular localization and through mitochondrial antiviral sig-
naling protein (MAVS). Under resting conditions, the NLRP3 protein
is localized to the ER, and upon inflammasome stimulation, it
relocates to the mitochondria- associated ER membranes (Zhou
et al., 2011), a “hot spot” for intracellular signaling from impor-
tant pathways (Giorgi et al., 2015). MAVS is an adaptor protein
located on the OMM  that regulates signal transduction from cytoso-
lic RNA sensors. MAVS activity depends on mitochondrial dynamics
and function, which promotes mitochondrial recruitment and the
pathophysiological activity of NLRP3 through the assembly of a
large signaling complex on the mitochondria (Koshiba et al., 2011).

The administration of NLRP3 activators generates O2

•−, which is
sequestered by mitochondria-specific autophagy (mitophagy) to
suppress inflammasome activation (Zhou et al., 2011). Notably,
extracellular ATP causes a rapid pulse of ROS production in alve-
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Fig. 1. The signals required for inflammasome activation: The mitochondrial signals.
NLRP3 activation requires two signals: a priming signal (signal 1) that is required to upregulate NLRP3 and pro-IL1� expression and an activation signal (signal 2) that
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rompts NLRP3 to assemble the inflammasome complex. The requirement for mitoc
nduction of potent inflammatory responses occurs only in the presence of a bona fi
nd  mitochondrial ROS production.

lar macrophages via purinergic receptors (P2 × 7 receptor) (Cruz
t al., 2007), but it leads to the loss of intracellular K+ in human
nd murine neutrophils, inducing NLRP3 activation (Karmakar
t al., 2016). Indeed, NLRP3 activation was highly impaired in
acrophages in which mitochondrial activity was  reduced by

epletion of the mtDNA or by inactivation of the OMM  protein
oltage-dependent anion channel (VDAC) (Nakahira et al., 2011;
hou et al., 2011). VDACs are the major channels for the exchange of
etabolites and ions (i.e., Ca2+) between the mitochondria and the

R. In cells with diminished VDAC expression, caspase-1 activation
as considerably impaired upon the addition of NLRP3 activators.

It has been recently proposed that Ca2+ is a novel molecular
ctivator of the NLRP3 inflammasome. In support of the inti-
ate correlation between Ca2+ signaling and the inflammasome,

ee et al. showed that a murine Ca2+-sensing receptor activated
LRP3 by increasing the intracellular Ca2+ concentration, indepen-
ent of the P2 × 7 receptor (Lee et al., 2012). Indeed, Murakami
nd colleagues showed that several NLRP3 activators mobilized
a2+, whereas blocking the Ca2+ signal inhibited NLRP3 activation
Murakami et al., 2012). Additional evidence of the contribution of
a2+ signaling to NLRP3 activation, particularly in mitochondria, is
ustained by the role of the MCU. Specifically, the loss of the MCU
lunts NLRP3 activation induced by both the complement mem-

rane attack complex in human lung epithelial cells (Triantafilou
t al., 2013) and P. aeruginosa in airway epithelial cells in patients
ial signals for NLRP3 activation constitutes a fail-safe mechanism to ensure that the
ulus. This figure shows the discussed drugs that directly target the inflammasome

with CF (Rimessi et al., 2015a), thus preserving mitochondrial dys-
function and limiting ROS production (Fig. 2).

A recent study demonstrated that NLRC4 could also be activated
by mitochondrial dysfunction (Jabir et al., 2015). Pathogen infection
resulted in mitochondrial damage with increased ROS produc-
tion and mtDNA release. The mtDNA directly activated the NLRC4
inflammasome; its oxidation by ROS enhanced this effect, whereas
macrophages lacking mitochondria failed to activate NLRC4 follow-
ing infection.

Based on these findings, it is clear that mitochondria integrate
distinct signals and relay the information to the inflammasomes
for recruitment and activation through a dangerous mix  of its con-
stituents: Ca2+, ROS and mtDNA.

3. Conclusions

The identification of potential drugs that directly target the
inflammasome would be a major achievement in research and
would be beneficial to many people suffering from certain
inflammation-related diseases. Currently, the developed drugs
that target the inflammasome dissociate such molecular scaf-
folds by directly interacting with the inflammasome or inhibiting

the ATPase activity of the NLR (Duncan et al., 2007) (Fig. 1).
Opsona Therapeutics has developed cytokine release inhibitory
drug 3 (CRID3, also known as CP-456773 or MCC950), which tar-
gets ASC oligomerization during NLRP3 and AIM2 activation (Coll
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Fig. 2. MCU  induces NLRP3 inflammasome activation.
The proposed models show the role of the MCU  in inducing NLRP3 activation by producing mitochondrial dysfunction in the complement membrane attack complex in
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uman  lung epithelial cells and by Pseudomonas aeruginosa (P. aeruginosa) infectio
nd  the lack of expression of the CFTR channel promote intracellular Ca2+ influx. T
eceptors (IP3R). Mitochondrial Ca2+ uptake occurs via the MCU, leading to mitocho

t al., 2011). Taking advantage of this mechanism, isoliquiritigenin
Honda et al., 2014), a simple chalcone-type flavonoid, exhibits
ntioxidant, anti-inflammatory, and anti-tumor activities (Jung
t al., 2014).

The NF-kappaB inhibitory compound parthenolide and the
ynthetic I kappaB kinase-beta inhibitor Bay 11-7082 are both
nhibitors of the ATPase activity of NLRP3 (Juliana et al., 2010).
oth compounds selectively inhibit NLRP3 activity in macrophages

n vitro, independent of their inhibitory effect on NF-kappaB activ-
ty. In contrast, TherimuneX Pharmaceuticals has produced a NLRP3
nflammasome activator, an acetylated 18-mer peptide (acALY18)
hat is used to enhance inflammasome-mediated pathogen clear-
nce and that is beneficial as a broad-spectrum anti-infective
rug (Thacker et al., 2012). The actual limitation in the discov-
ry of drugs targeting the inflammasome is the complexity of
he activation pathway. Targeting the post-translational modi-
cations of inflammasome components could be an alternative
trategy useful for modulating inflammasome activation. NLRP3
ctivation is mediated by a two-step deubiquitination mechanism
dentified as an early priming event that is initiated by Toll-like
eceptor signaling and occurs in response to stimulation involving
OS production (Juliana et al., 2012; Wen  et al., 2012). Therapies
hat specifically promote NLRP3 ubiquitination or that antagonize
he deubiquitination mechanism could mitigate NLRP3-dependent
athologic inflammation, promoting NLRP3 degradation by proteo-
ome. Another alternative is represented by the many reagents that
arget the inflammasome products IL-1� and IL-18, specific antago-
ist antibodies (IL-1� antibody Canakinumab or anti-IL-18 receptor
onoclonal antibody) or proteins (the recombinant IL-1 receptor

ntagonist Anakinra or the IL-18-binding protein) that neutralize
he released cytokines and their receptors with promising thera-
eutic results. The use of all these therapeutic approaches must be
ondered inasmuch as not all inflammasome activation can be con-
idered harmful, e.g., for the host response to microbial pathogens.
hus, therapeutic inhibition of inflammasome activation needs to
e balanced against its beneficial contribution.

However, over the last few years, we have moved into a new
esearch area of intervention for inflammation-related diseases:
itochondria-targeting medicine. Increasing evidence confirms
he roles of mitochondria and mitochondrial ROS in triggering and
egulating the amplitude of the inflammatory response in differ-
nt pathologies. It is now apparent that the mitochondria have
ecome an area of interest to industry; companies will focus more
e lung epithelial cells of patients with CF. In both cases, the complement cascade
ffects cause Ca2+ release from the ER via the ryanodine and inositol-triphosphate

l dysfunction, loss of membrane potential, ROS production and oxidative damage.

on investigating direct drug-induced mitochondrial protection or
dysfunction, with the outcome of controlling the inflammatory
response based on a mitochondrial end- point.

The mitocans are one of many examples of drugs that have been
developed and designed to target the mitochondria. The mitocans
are vitamin E analogs that selectively target cancer cell mitochon-
dria to induce cell death by triggering ROS production (Neuzil
et al., 2007). The vitamin E (�-tocopherol) analogs (VEA) alpha-
tocopheryl succinate (�-TOS) and alpha-tocopheryloxyacetic acid
(�-TEA) have not only been examined for their anti-tumor activi-
ties but have also recently been shown to have immunomodulatory
properties (reviewed in (Hahn et al., 2013)). The �-TOS and �-TEA
analogs can suppress the growth of established tumors and can
reduce the incidence of spontaneous metastases when combined
with cancer immunotherapy via dendritic cell vaccination, caus-
ing immunogenic tumor cell death. The produced or released ROS
are danger signals that promote an immune reaction and reinforce
the response against the cancer, resulting in inflammasome activa-
tion and the release of pro-inflammatory mediators. In particular,
malignant cells produce more O2

•− than normal cells and thus are
more vulnerable to further inflammasome activation and damage
by ROS- generating agents (Hileman et al., 2004).

To reduce mitochondrial ROS production, mitochondria-
targeted antioxidants have been developed (Oyewole and Birch-
Machin, 2015), and preclinical and clinical studies have been
performed to test their therapeutic effects in the treatments of
inflammatory diseases (Jin et al., 2014; McManus et al., 2011).
The antioxidant MitoQ was  used several phase I and II studies.
Among these studies, two double-blind trials, placebo-controlled
studies involving patients with PD (NCT00329056) and patients
with chronic hepatitis C virus (HCV) who  are unresponsive to the
conventional HCV treatments (NCT00433108) were completed and
discussed in published reports (Smith and Murphy, 2010). In the
same manner, the mitochondrial-targeted Szeto-Schiller peptide
SS-31 (the tetrapeptide D-Arg- dimethylTyr-Lys-Phe-NH2, drug
name Bendavia, or MTP-131) was  analyzed in 13 phase I and II clin-
ical studies, one of which (NCT01572909) was  led in patients with
acute coronary events, to assess its capacity to reduce reperfusion
injury (Chakrabarti et al., 2013). With the exclusion of the study

on patients with HCV, which suggested that MitoQ could selec-
tively affect the liver damage associated with HCV infection, other
clinical trials demonstrated that targeting mitochondria-associated
antioxidants did not significantly changed the disease progression.
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his unexpected result may  have different explanations: reduced
ioavailability in the target organs (Snow et al., 2010) or a pre-
xisting predominant lesion (for patients with PD, irreversible
opaminergic neuron loss). In contrast, in the time range explored,
oth MitoQ and Bendavia did not show any relevant sign of toxicity.
his finding sustains not only the feasibility and safety of further
nvestigations but also the possibility to widen the testing to other
nflammation- related pathologies. The need to refine the approach
o the mitochondria-targeted therapy has also led to the devel-
pment of newer drugs, such as SkQ compounds, molecules that
ontain a quinone antioxidant moiety that is covalently conjugated
o a lipophilic cation via alkyl chains (Izyumov et al., 2010). Among
hese drugs, SkQ1 (plastoquinonyl-decyl-triphenylphosphonium)
hows the highest membrane-penetrating capacity and potent
ntioxidant activity (Antonenko et al., 2008). Consistent with the
ncogenic role of ROS, SkQ1 compounds are effective at preventing
ancer and as anticancer therapies (Bazhin et al., 2016).

To date, the mitochondrial dysfunction/ROS/inflammasome axis
s increasingly considered a druggable line of action to counteract
ome inflammation-related diseases. Such drugs may  not always
esolve the pathology but are often useful in preserving a func-
ional mitochondrial network pivotal for cell viability, preventing
mpairments in the processes that they regulate. A better under-
tanding of the role played by mitochondria in inflammation will
elp to reveal additional therapeutic targets and to increase the
ctivity and selectivity of mitochondria-targeted drugs.

cknowledgments

P.P. is grateful to Camilla degli Scrovegni for her continuous
upport. This work was supported by the following: local funds
rom the University of Ferrara and grants from the Italian Min-
stry of Health (GR-2011- 02346964), the Italian Cystic Fibrosis
oundation (FFC # 20/2015) to A.R., and the Polish National Sci-
nce Centre UMO-2014/15/B/NZ1/00490 to M.R.W. This study was
lso supported by grants from the Italian Association for Can-
er Research (AIRC, IG-14442), Telethon (GGP11139B), the Italian
ystic Fibrosis Foundation (FFC # 19/2014), local funds from the
niversity of Ferrara, the Italian Ministry of Education, University
nd Research (COFIN: 20129JLHSY 002, FIRB: RBAP11FXBC 002,
uturo in Ricerca: RBFR10EGVP 001) and the Italian Ministry of
ealth to P.P.

eferences

dlam, V.J., Harrison, J.C., Porteous, C.M., James, A.M., Smith, R.A., Murphy, M.P.,
Sammut, I.A., 2005. Targeting an antioxidant to mitochondria decreases
cardiac ischemia-reperfusion injury. FASEB J. 19, 1088–1095.

guilera-Aguirre, L., Bacsi, A., Saavedra-Molina, A., Kurosky, A., Sur, S., Boldogh, I.,
2009. Mitochondrial dysfunction increases allergic airway inflammation. J.
Immunol. 183, 5379–5387.

lbina, J.E., Abate, J.A., Henry Jr., W.L., 1991. Nitric oxide production is required for
murine resident peritoneal macrophages to suppress mitogen-stimulated T
cell proliferation. Role of IFN-gamma in the induction of the nitric
oxide-synthesizing pathway. J. Immunol. 147, 144–148.

llen, I.C., TeKippe, E.M., Woodford, R.M., Uronis, J.M., Holl, E.K., Rogers, A.B.,
Herfarth, H.H., Jobin, C., Ting, J.P., 2010. The NLRP3 inflammasome functions as
a  negative regulator of tumorigenesis during colitis-associated cancer. J. Exp.
Med. 207, 1045–1056.

nand, P.K., Malireddi, R.K., Kanneganti, T.D., 2011. Role of the nlrp3
inflammasome in microbial infection. Front. Microbiol. 2, 12.

nderson, S., Bankier, A.T., Barrell, B.G., de Bruijn, M.H., Coulson, A.R., Drouin, J.,
Eperon, I.C., Nierlich, D.P., Roe, B.A., Sanger, F., Schreier, P.H., Smith, A.J., Staden,
R., Young, I.G., 1981. Sequence and organization of the human mitochondrial
genome. Nature 290, 457–465.

ntonenko, Y.N., Roginsky, V.A., Pashkovskaya, A.A., Rokitskaya, T.I., Kotova, E.A.,

Zaspa, A.A., Chernyak, B.V., Skulachev, V.P., 2008. Protective effects of
mitochondria-targeted antioxidant SkQ in aqueous and lipid membrane
environments. J. Membr. Biol. 222, 141–149.

rmstrong, R., 2001. The physiological role and pharmacological potential of nitric
oxide in neutrophil activation. Int. Immunopharmacol. 1, 1501–1512.
hemistry & Cell Biology 81 (2016) 281–293 289

Baracca, A., Chiaradonna, F., Sgarbi, G., Solaini, G., Alberghina, L., Lenaz, G., 2010.
Mitochondrial complex I decrease is responsible for bioenergetic dysfunction
in  K-ras transformed cells. Biochim. Biophys. Acta 1797, 314–323.

Bazhin, A.V., Yang, Y., D’Haese, J.G., Werner, J., Philippov, P.P., Karakhanova, S.,
2016. The novel mitochondria-targeted antioxidant SkQ1 modulates
angiogenesis and inflammatory micromilieu in a murine orthotopic model of
pancreatic cancer. Int. J. Cancer, http://dx.doi.org/10.1002/ijc.30054.

Bhaskar, V., Yin, J., Mirza, A.M., Phan, D., Vanegas, S., Issafras, H.,  Michelson, K.,
Hunter, J.J., Kantak, S.S., 2011. Monoclonal antibodies targeting IL-1 beta
reduce biomarkers of atherosclerosis in vitro and inhibit atherosclerotic plaque
formation in apolipoprotein E-deficient mice. Atherosclerosis 216, 313–320.

Bibb, M.J., Van Etten, R.A., Wright, C.T., Walberg, M.W.,  Clayton, D.A., 1981.
Sequence and gene organization of mouse mitochondrial DNA. Cell 26,
167–180.

Bidri, M., Feger, F., Varadaradjalou, S., Ben Hamouda, N., Guillosson, J.J., Arock, M.,
2001. Mast cells as a source and target for nitric oxide. Int. Immunopharmacol.
1,  1543–1558.

Bjelakovic, G., Nikolova, D., Gluud, L.L., Simonetti, R.G., Gluud, C., 2008. Antioxidant
supplements for prevention of mortality in healthy participants and patients
with various diseases. Cochrane Database Syst. Rev., CD007176.

Bogdan, C., Rollinghoff, M.,  Diefenbach, A., 2000. Reactive oxygen and reactive
nitrogen intermediates in innate and specific immunity. Curr. Opin. Immunol.
12, 64–76.

Bonora, M.,  De Marchi, E., Patergnani, S., Suski, J.M., Celsi, F., Bononi, A., Giorgi, C.,
Marchi, S., Rimessi, A., Duszynski, J., Pozzan, T., Wieckowski, M.R., Pinton, P.,
2014. Tumor necrosis factor-alpha impairs oligodendroglial differentiation
through a mitochondria-dependent process. Cell Death Differ. 21, 1198–1208.

Bota, D.A., Ngo, J.K., Davies, K.J., 2005. Downregulation of the human Lon protease
impairs mitochondrial structure and function and causes cell death. Free Radic.
Biol.  Med. 38, 665–677.

Braschi, E., McBride, H.M., 2010. Mitochondria and the culture of the Borg:
understanding the integration of mitochondrial function within the reticulum,
the cell, and the organism. Bioessays 32, 958–966.

Brondani, L.A., de Souza, B.M., Duarte, G.C., Kliemann, L.M., Esteves, J.F., Marcon,
A.S.,  Gross, J.L., Canani, L.H., Crispim, D., 2012. The UCP1 -3826A/G
polymorphism is associated with diabetic retinopathy and increased UCP1 and
MnSOD2 gene expression in human retina. Invest. Ophthalmol. Vis. Sci. 53,
7449–7457.

Brown, G.C., Borutaite, V., 2011. There is no evidence that mitochondria are the
main source of reactive oxygen species in mammalian cells. Mitochondrion 12,
1–4.

Bruenner, B.A., Jones, A.D., German, J.B., 1995. Direct characterization of protein
adducts of the lipid peroxidation product 4-hydroxy-2-nonenal using
electrospray mass spectrometry. Chem. Res. Toxicol. 8, 552–559.

Brunet, L.R., 2001. Nitric oxide in parasitic infections. Int. Immunopharmacol. 1,
1457–1467.

Cadenas, E., Davies, K.J., 2000. Mitochondrial free radical generation, oxidative
stress, and aging. Free Radic. Biol. Med. 29, 222–230.

Campuzano, V., Montermini, L., Lutz, Y., Cova, L., Hindelang, C., Jiralerspong, S.,
Trottier, Y., Kish, S.J., Faucheux, B., Trouillas, P., Authier, F.J., Durr, A., Mandel,
J.L., Vescovi, A., Pandolfo, M.,  Koenig, M.,  1997. Frataxin is reduced in Friedreich
ataxia patients and is associated with mitochondrial membranes. Hum. Mol.
Genet. 6, 1771–1780.

Candas, D., Li, J.J., 2014. MnSOD in oxidative stress response-potential regulation
via  mitochondrial protein influx. Antioxid. Redox Signal. 20, 1599–1617.

Chaaya, R., Alfarano, C., Guilbeau-Frugier, C., Coatrieux, C., Kesteman, A.S., Parini,
A.,  Fares, N., Gue, M.,  Schanstra, J.P., Bascands, J.L., 2011. Pargyline reduces
renal damage associated with ischaemia-reperfusion and cyclosporin. Nephrol.
Dial. Transplant. 26, 489–498.

Chakrabarti, A.K., Feeney, K., Abueg, C., Brown, D.A., Czyz, E., Tendera, M.,  Janosi, A.,
Giugliano, R.P., Kloner, R.A., Weaver, W.D., Bode, C., Godlewski, J., Merkely, B.,
Gibson, C.M., 2013. Rationale and design of the EMBRACE STEMI study: a phase
2a,  randomized, double-blind, placebo-controlled trial to evaluate the safety,
tolerability and efficacy of intravenous bendavia on reperfusion injury in
patients treated with standard therapy including primary percutaneous
coronary intervention and stenting for ST-segment elevation myocardial
infarction. Am.  Heart J. 165, 509–514, e507.

Chance, B., Sies, H., Boveris, A., 1979. Hydroperoxide metabolism in mammalian
organs. Physiol. Rev. 59, 527–605.

Chang, T.S., Cho, C.S., Park, S., Yu, S., Kang, S.W., Rhee, S.G., 2004. Peroxiredoxin III, a
mitochondrion-specific peroxidase, regulates apoptotic signaling by
mitochondria. J. Biol. Chem. 279, 41975–41984.

Chen, Y.R., Deterding, L.J., Sturgeon, B.E., Tomer, K.B., Mason, R.P., 2002. Protein
oxidation of cytochrome C by reactive halogen species enhances its peroxidase
activity. J. Biol. Chem. 277, 29781–29791.

Choquet, H., Pawlikowska, L., Nelson, J., McCulloch, C.E., Akers, A., Baca, B., Khan, Y.,
Hart, B., Morrison, L., Kim, H., 2014. Polymorphisms in inflammatory and
immune response genes associated with cerebral cavernous malformation
type 1 severity. Cerebrovasc. Dis. 38, 433–440.

Cifone, M.G., Ulisse, S., Santoni, A., 2001. Natural killer cells and nitric oxide. Int.
Immunopharmacol. 1, 1513–1524.
Cocheme, H.M., Murphy, M.P., 2010. Can antioxidants be effective therapeutics?
Curr. Opin. Investig. Drugs 11, 426–431.

Codolo, G., Plotegher, N., Pozzobon, T., Brucale, M.,  Tessari, I., Bubacco, L., de
Bernard, M.,  2013. Triggering of inflammasome by aggregated alpha-synuclein,
an inflammatory response in synucleinopathies. PLoS One 8, e55375.

http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0015
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0020
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0025
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0025
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0025
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0025
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0025
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0025
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0025
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0025
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0025
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0025
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0025
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0025
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0030
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0035
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0040
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0045
dx.doi.org/10.1002/ijc.30054
dx.doi.org/10.1002/ijc.30054
dx.doi.org/10.1002/ijc.30054
dx.doi.org/10.1002/ijc.30054
dx.doi.org/10.1002/ijc.30054
dx.doi.org/10.1002/ijc.30054
dx.doi.org/10.1002/ijc.30054
dx.doi.org/10.1002/ijc.30054
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0055
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0060
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0065
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0070
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0075
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0080
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0085
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0090
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0095
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0100
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0105
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0110
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0110
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0110
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0110
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0110
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0110
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0110
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0110
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0110
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0110
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0110
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0115
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0120
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0125
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0130
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0135
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0140
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0140
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0140
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0140
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0140
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0140
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0140
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0140
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0140
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0140
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0140
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0145
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0150
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0155
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0160
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0160
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0160
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0160
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0160
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0160
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0160
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0160
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0160
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0160
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0160
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0160
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0165
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0170


2 f Bioc

C

C

C

C

C

D

D

D

D

E

F

F

F

F

F

G

G

G

G

G

G

G

H

H

H

H

H

90 A. Rimessi et al. / The International Journal o

ogliati, S., Enriquez, J.A., Scorrano, L., 2016. Mitochondrial cristae: where beauty
meets functionality. Trends Biochem. Sci. 41, 261–273.

oleman, J.W., 2001. Nitric oxide in immunity and inflammation. Int.
Immunopharmacol. 1, 1397–1406.

oll, R.C., Robertson, A., Butler, M.,  Cooper, M.,  O’Neill, L.A., 2011. The cytokine
release inhibitory drug CRID3 targets ASC oligomerisation in the NLRP3 and
AIM2 inflammasomes. PLoS One 6, e29539.

ontreras, L., Drago, I., Zampese, E., Pozzan, T., 2010. Mitochondria: the calcium
connection. Biochim. Biophys. Acta 1797, 607–618.

ruz, C.M., Rinna, A., Forman, H.J., Ventura, A.L., Persechini, P.M., Ojcius, D.M., 2007.
ATP activates a reactive oxygen species-dependent oxidative stress response
and secretion of proinflammatory cytokines in macrophages. J. Biol. Chem.
282, 2871–2879.

oughan, A.K., Harrison, D.G., Dikalov, S.I., 2008. Molecular mechanisms of
angiotensin II-mediated mitochondrial dysfunction: linking mitochondrial
oxidative damage and vascular endothelial dysfunction. Circ. Res. 102,
488–496.

ouglas, T.A., Brennan, S., Gard, S., Berry, L., Gangell, C., Stick, S.M., Clements, B.S.,
Sly, P.D., 2009. Acquisition and eradication of P aeruginosa in young children
with cystic fibrosis. Eur. Respir. J. 33, 305–311.

uncan, J.A., Bergstralh, D.T., Wang, Y., Willingham, S.B., Ye, Z., Zimmermann, A.G.,
Ting, J.P., 2007. Cryopyrin/NALP3 binds ATP/dATP, is an ATPase, and requires
ATP binding to mediate inflammatory signaling. Proc. Natl. Acad. Sci. U. S. A.
104, 8041–8046.

urr, A., Brice, A., 2000. Clinical and genetic aspects of spinocerebellar
degeneration. Curr. Opin. Neurol. 13, 407–413.

scobar-Henriques, M.,  Langer, T., 2006. Mitochondrial shaping cuts. Biochim.
Biophys. Acta 1763, 422–429.

itzpatrick, L.R., Deml, L., Hofmann, C., Small, J.S., Groeppel, M.,  Hamm,  S., Lemstra,
S.,  Leban, J., Ammendola, A., 2010. 4SC-101, a novel immunosuppressive drug,
inhibits IL-17 and attenuates colitis in two murine models of inflammatory
bowel disease. Inflamm. Bowel Dis. 16, 1763–1777.

ontanella, M.,  Rubino, E., Crobeddu, E., Gallone, S., Gentile, S., Garbossa, D., Ducati,
A., Pinessi, L., Rainero, I., 2012. Brain arteriovenous malformations are
associated with interleukin-1 cluster gene polymorphisms. Neurosurgery 70,
12–17.

orman, H.J., Kennedy, J., 1975. Superoxide production and electron transport in
mitochondrial oxidation of dihydroorotic acid. J. Biol. Chem. 250, 4322–4326.

orsythe, P., Gilchrist, M.,  Kulka, M.,  Befus, A.D., 2001. Mast cells and nitric oxide:
control of production, mechanisms of response. Int. Immunopharmacol. 1,
1525–1541.

ridovich, I., 2004. Mitochondria: are they the seat of senescence? Aging Cell 3,
13–16.

enova, M.L., Baracca, A., Biondi, A., Casalena, G., Faccioli, M.,  Falasca, A.I.,
Formiggini, G., Sgarbi, G., Solaini, G., Lenaz, G., 2008. Is supercomplex
organization of the respiratory chain required for optimal electron transfer
activity? Biochim. Biophys. Acta 1777, 740–746.

iorgi, C., Missiroli, S., Patergnani, S., Duszynski, J., Wieckowski, M.R., Pinton, P.,
2015. Mitochondria-associated membranes: composition, molecular
mechanisms, and physiopathological implications. Antioxid. Redox Signal. 22,
995–1019.

iorgio, M., Migliaccio, E., Orsini, F., Paolucci, D., Moroni, M.,  Contursi, C., Pelliccia,
G.,  Luzi, L., Minucci, S., Marcaccio, M.,  Pinton, P., Rizzuto, R., Bernardi, P.,
Paolucci, F., Pelicci, P.G., 2005. Electron transfer between cytochrome c and
p66Shc generates reactive oxygen species that trigger mitochondrial
apoptosis. Cell 122, 221–233.

iorgio, M., Trinei, M.,  Migliaccio, E., Pelicci, P.G., 2007. Hydrogen peroxide: a
metabolic by-product or a common mediator of ageing signals? Nat. Rev. Mol.
Cell. Biol. 8, 722–728.

lancy, B., Balaban, R.S., 2012. Role of mitochondrial Ca2+ in the regulation of
cellular energetics. Biochemistry 51, 2959–2973.

oitre, L., Balzac, F., Degani, S., Degan, P., Marchi, S., Pinton, P., Retta, S.F., 2010.
KRIT1 regulates the homeostasis of intracellular reactive oxygen species. PLoS
One 5, e11786.

ris, D., Ye, Z., Iocca, H.A., Wen, H., Craven, R.R., Gris, P., Huang, M., Schneider, M.,
Miller, S.D., Ting, J.P., 2010. NLRP3 plays a critical role in the development of
experimental autoimmune encephalomyelitis by mediating Th1 and Th17
responses. J. Immunol. 185, 974–981.

ahn, T., Polanczyk, M.J., Borodovsky, A., Ramanathapuram, L.V., Akporiaye, E.T.,
Ralph, S.J., 2013. Use of anti-cancer drugs, mitocans, to enhance the immune
responses against tumors. Curr. Pharm. Biotechnol. 14, 357–376.

anukoglu, I., Rapoport, R., Weiner, L., Sklan, D., 1993. Electron leakage from the
mitochondrial NADPH-adrenodoxin reductase-adrenodoxin-P450scc
(cholesterol side chain cleavage) system. Arch. Biochem. Biophys. 305,
489–498.

arrison, D.G., Gongora, M.C., 2009. Oxidative stress and hypertension. Med. Clin.
North Am.  93, 621–635.

ayashi, G., Shen, Y., Pedersen, T.L., Newman, J.W., Pook, M.,  Cortopassi, G., 2014.
Frataxin deficiency increases cyclooxygenase 2 and prostaglandins in cell and
animal models of Friedreich’s ataxia. Hum. Mol. Genet. 23, 6838–6847.

eneka, M.T., Kummer, M.P., Stutz, A., Delekate, A., Schwartz, S., Vieira-Saecker, A.,

Griep, A., Axt, D., Remus, A., Tzeng, T.C., Gelpi, E., Halle, A., Korte, M., Latz, E.,
Golenbock, D.T., 2013. NLRP3 is activated in Alzheimer’s disease and
contributes to pathology in APP/PS1 mice. Nature 493, 674–678.
hemistry & Cell Biology 81 (2016) 281–293

Hileman, E.O., Liu, J., Albitar, M.,  Keating, M.J., Huang, P., 2004. Intrinsic oxidative
stress in cancer cells: a biochemical basis for therapeutic selectivity. Cancer
Chemother. Pharmacol. 53, 209–219.

Honda, H., Nagai, Y., Matsunaga, T., Okamoto, N., Watanabe, Y., Tsuneyama, K.,
Hayashi, H., Fujii, I., Ikutani, M.,  Hirai, Y., Muraguchi, A., Takatsu, K., 2014.
Isoliquiritigenin is a potent inhibitor of NLRP3 inflammasome activation and
diet-induced adipose tissue inflammation. J. Leukoc. Biol. 96, 1087–1100.

Hu, S., Zhao, H., Yin, X.J., Ma,  J.K., 2007. Role of mitochondria in silica-induced
apoptosis of alveolar macrophages: inhibition of apoptosis by rhodamine 6 G
and N-acetyl- L-cysteine. J. Toxicol. Environ. Health A 70, 1403–1415.

Hu, Y., Lu, W.,  Chen, G., Wang, P., Chen, Z., Zhou, Y., Ogasawara, M.,  Trachootham,
D., Feng, L., Pelicano, H., Chiao, P.J., Keating, M.J., Garcia-Manero, G., Huang, P.,
2012. K-ras(G12 V) transformation leads to mitochondrial dysfunction and a
metabolic switch from oxidative phosphorylation to glycolysis. Cell Res. 22,
399–412.

Huang, G., Chen, Y., Lu, H., Cao, X., 2007. Coupling mitochondrial respiratory chain
to cell death: an essential role of mitochondrial complex I in the
interferon-beta and retinoic acid-induced cancer cell death. Cell Death Differ.
14,  327–337.

Hussain, S.N., Matar, G., Barreiro, E., Florian, M.,  Divangahi, M.,  Vassilakopoulos, T.,
2006. Modifications of proteins by 4-hydroxy-2-nonenal in the ventilatory
muscles of rats. Am. J. Physiol. Lung Cell. Mol. Physiol. 290, L996–1003.

Inoue, M.,  Williams, K.L., Gunn, M.D., Shinohara, M.L., 2012. NLRP3 inflammasome
induces chemotactic immune cell migration to the CNS in experimental
autoimmune encephalomyelitis. Proc. Natl. Acad. Sci. U. S. A. 109,
10480–10485.

Ishihara, Y., Takemoto, T., Itoh, K., Ishida, A., Yamazaki, T., 2015. Dual role of
superoxide dismutase 2 induced in activated microglia: oxidative stress
tolerance and convergence of inflammatory responses. J. Biol. Chem. 290,
22805–22817.

Izyumov, D.S., Domnina, L.V., Nepryakhina, O.K., Avetisyan, A.V., Golyshev, S.A.,
Ivanova, O.Y., Korotetskaya, M.V., Lyamzaev, K.G., Pletjushkina, O.Y., Popova,
E.N., Chernyak, B.V., 2010. Mitochondria as source of reactive oxygen species
under oxidative stress: study with novel mitochondria-targeted
antioxidants–the Skulachev-ion derivatives. Biochemistry (Mosc.) 75, 123–129.

Jabir, M.S., Hopkins, L., Ritchie, N.D., Ullah, I., Bayes, H.K., Li, D., Tourlomousis, P.,
Lupton, A., Puleston, D., Simon, A.K., Bryant, C., Evans, T.J., 2015. Mitochondrial
damage contributes to Pseudomonas aeruginosa activation of the
inflammasome and is downregulated by autophagy. Autophagy 11, 166–182.

Jezek, P., Hlavata, L., 2005. Mitochondria in homeostasis of reactive oxygen species
in cell, tissues, and organism. Int. J. Biochem. Cell Biol. 37, 2478–2503.

Jha, S., Srivastava, S.Y., Brickey, W.J., Iocca, H., Toews, A., Morrison, J.P., Chen, V.S.,
Gris, D., Matsushima, G.K., Ting, J.P., 2010. The inflammasome sensor, NLRP3,
regulates CNS inflammation and demyelination via caspase-1 and
interleukin-18. J. Neurosci. 30, 15811–15820.

Jin, H., Kanthasamy, A., Ghosh, A., Anantharam, V., Kalyanaraman, B., Kanthasamy,
A.G., 2014. Mitochondria-targeted antioxidants for treatment of Parkinson’s
disease: preclinical and clinical outcomes. Biochim. Biophys. Acta 1842,
1282–1294.

Johnson, J.A., Ogbi, M.,  2011. Targeting the F1Fo ATP Synthase: modulation of the
body’s powerhouse and its implications for human disease. Curr. Med. Chem.
18,  4684–4714.

Juliana, C., Fernandes-Alnemri, T., Wu,  J., Datta, P., Solorzano, L., Yu, J.W., Meng, R.,
Quong, A.A., Latz, E., Scott, C.P., Alnemri, E.S., 2010. Anti-inflammatory
compounds parthenolide and Bay 11-7082 are direct inhibitors of the
inflammasome. J. Biol. Chem. 285, 9792–9802.

Juliana, C., Fernandes-Alnemri, T., Kang, S., Farias, A., Qin, F., Alnemri, E.S., 2012.
Non-transcriptional priming and deubiquitination regulate NLRP3
inflammasome activation. J. Biol. Chem. 287, 36617–36622.

Jung, S.K., Lee, M.H., Lim do, Y., Kim, J.E., Singh, P., Lee, S.Y., Jeong, C.H., Lim, T.G.,
Chen, H., Chi, Y.I., Kundu, J.K., Lee, N.H., Lee, C.C., Cho, Y.Y., Bode, A.M., Lee,
K.W., Dong, Z., 2014. Isoliquiritigenin induces apoptosis and inhibits xenograft
tumor growth of human lung cancer cells by targeting both wild type and
L858R/T790 M mutant EGFR. J. Biol. Chem. 289, 35839–35848.

Kagan, V.E., Tyurin, V.A., Jiang, J., Tyurina, Y.Y., Ritov, V.B., Amoscato, A.A., Osipov,
A.N., Belikova, N.A., Kapralov, A.A., Kini, V., Vlasova, I.I., Zhao, Q.,  Zou, M.,  Di, P.,
Svistunenko, D.A., Kurnikov, I.V., Borisenko, G.G., 2005. Cytochrome c acts as a
cardiolipin oxygenase required for release of proapoptotic factors. Nat. Chem.
Biol. 1, 223–232.

Kalman, B., Leist, T.P., 2003. A mitochondrial component of neurodegeneration in
multiple sclerosis. Neuromolecular Med. 3, 147–158.

Kalman, B., Lublin, F.D., Alder, H., 1995. Mitochondrial DNA mutations in multiple
sclerosis. Mult. Scler. 1, 32–36.

Karmakar, M.,  Katsnelson, M.A., Dubyak, G.R., Pearlman, E., 2016. Neutrophil P2 ×
7  receptors mediate NLRP3 inflammasome-dependent IL-1beta secretion in
response to ATP. Nat. Commun. 7, 10555.

Kastle, M.,  Grune, T., 2011. Protein oxidative modification in the aging organism
and the role of the ubiquitin proteasomal system. Curr. Pharm. Des. 17,
4007–4022.

Kelly, R.D., Mahmud, A., McKenzie, M.,  Trounce, I.A., St John, J.C., 2012.
Mitochondrial DNA copy number is regulated in a tissue specific manner by

DNA methylation of the nuclear-encoded DNA polymerase gamma A. Nucleic.
Acids Res. 40, 10124–10138.

Kelly, B., Tannahill, G.M., Murphy, M.P., O’Neill, L.A., 2015. Metformin inhibits the
production of reactive oxygen species from NADH:Ubiquinone oxidoreductase
to limit induction of interleukin-1beta (IL- 1beta) and boosts interleukin-10

http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0175
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0180
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0180
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0180
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0180
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0180
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0180
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0180
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0180
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0180
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0180
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0180
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0180
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0185
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0190
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0190
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0190
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0190
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0190
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0190
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0190
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0190
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0190
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0190
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0190
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0195
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0200
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0205
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0210
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0215
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0220
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0220
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0220
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0220
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0220
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0220
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0220
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0220
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0220
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0220
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0225
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0230
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0235
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0240
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0245
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0250
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0255
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0260
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0265
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0270
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0275
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0280
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0285
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0290
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0295
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0295
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0295
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0295
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0295
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0295
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0295
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0295
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0295
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0295
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0295
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0295
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0300
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0305
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0310
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0315
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0320
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0325
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0330
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0335
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0340
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0345
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0350
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0355
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0360
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0365
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0370
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0375
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0380
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0385
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0390
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0395
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0400
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0405
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0405
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0405
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0405
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0405
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0405
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0405
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0405
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0405
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0405
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0405
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0405
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0410
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0415
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0420
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425


f Bioc

K

K

K

K

K

K

K

K

L

L

L

L

L

L

L

L

L

L

L

L

L

L

M

M

M

M

A. Rimessi et al. / The International Journal o

(IL-10) in lipopolysaccharide (LPS)-activated macrophages. J. Biol. Chem. 290,
20348–20359.

idd, P.M., 2001. Multiple sclerosis, an autoimmune inflammatory disease:
prospects for its integrative management. Altern. Med. Rev. 6, 540–566.

irii, H., Niwa, T., Yamada, Y., Wada, H., Saito, K., Iwakura, Y., Asano, M.,  Moriwaki,
H.,  Seishima, M.,  2003. Lack of interleukin-1beta decreases the severity of
atherosclerosis in ApoE-deficient mice. Arterioscler. Thromb. Vasc. Biol. 23,
656–660.

irkman, H.N., Gaetani, G.F., 2007. Mammalian catalase: a venerable enzyme with
new mysteries. Trends Biochem. Sci. 32, 44–50.

oopman, W.J., Nijtmans, L.G., Dieteren, C.E., Roestenberg, P., Valsecchi, F.,
Smeitink, J.A., Willems, P.H., 2010. Mammalian mitochondrial complex I:
biogenesis, regulation, and reactive oxygen species generation. Antioxid.
Redox Signal. 12, 1431–1470.

oshiba, T., Yasukawa, K., Yanagi, Y., Kawabata, S., 2011. Mitochondrial membrane
potential is required for MAVS-mediated antiviral signaling. Sci. Signal. 4, ra7.

ucej, M.,  Butow, R.A., 2007. Evolutionary tinkering with mitochondrial nucleoids.
Trends Cell. Biol. 17, 586–592.

udin, A.P., Malinska, D., Kunz, W.S., 2008. Sites of generation of reactive oxygen
species in homogenates of brain tissue determined with the use of respiratory
substrates and inhibitors. Biochim. Biophys. Acta 1777, 689–695.

unduzova, O.R., Bianchi, P., Parini, A., Cambon, C., 2002. Hydrogen peroxide
production by monoamine oxidase during ischemia/reperfusion. Eur. J.
Pharmacol. 448, 225–230.

ambertucci, R.H., Hirabara, S.M., Silveira Ldos, R., Levada-Pires, A.C., Curi, R.,
Pithon-Curi, T.C., 2008. Palmitate increases superoxide production through
mitochondrial electron transport chain and NADPH oxidase activity in skeletal
muscle cells. J. Cell. Physiol. 216, 796–804.

amkanfi, M.,  Dixit, V.M., 2014. Mechanisms and functions of inflammasomes. Cell
157, 1013–1022.

eban, J., Vitt, D., 2011. Human dihydroorotate dehydrogenase inhibitors, a novel
approach for the treatment of autoimmune and inflammatory diseases.
Arzneimittelforschung 61, 66–72.

ee, G.S., Subramanian, N., Kim, A.I., Aksentijevich, I., Goldbach-Mansky, R., Sacks,
D.B., Germain, R.N., Kastner, D.L., Chae, J.J., 2012. The calcium-sensing receptor
regulates the NLRP3 inflammasome through Ca2+ and cAMP. Nature 492,
123–127.

enaz, G., 2001. The mitochondrial production of reactive oxygen species:
mechanisms and implications in human pathology. IUBMB Life 52, 159–164.

evine, R.L., Williams, J.A., Stadtman, E.R., Shacter, E., 1994. Carbonyl assays for
determination of oxidatively modified proteins. Methods Enzymol. 233,
346–357.

evy, H., Murphy, A., Zou, F., Gerard, C., Klanderman, B., Schuemann, B., Lazarus, R.,
Garcia, K.C., Celedon, J.C., Drumm,  M., Dahmer, M.,  Quasney, M.,  Schneck, K.,
Reske, M., Knowles, M.R., Pier, G.B., Lange, C., Weiss, S.T., 2009. IL1 B
polymorphisms modulate cystic fibrosis lung disease. Pediatr. Pulmonol. 44,
580–593.

i, Q., Spencer, N.Y., Pantazis, N.J., Engelhardt, J.F., 2011. Alsin and SOD1(G93A)
proteins regulate endosomal reactive oxygen species production by glial cells
and proinflammatory pathways responsible for neurotoxicity. J. Biol. Chem.
286,  40151–40162.

iu, Y., Fiskum, G., Schubert, D., 2002. Generation of reactive oxygen species by the
mitochondrial electron transport chain. J. Neurochem. 80, 780–787.

opez- Crisosto, C., Bravo-Sagua, R., Rodriguez-Pena, M.,  Mera, C., Castro, P.F.,
Quest, A.F., Rothermel, B.A., Cifuentes, M.,  Lavandero, S., 2015.
ER-to-mitochondria miscommunication and metabolic diseases. Biochim.
Biophys. Acta 1852, 2096–2105.

u, L., Bonham, C.A., Chambers, F.G., Watkins, S.C., Hoffman, R.A., Simmons, R.L.,
Thomson, A.W., 1996. Induction of nitric oxide synthase in mouse dendritic
cells by IFN-gamma, endotoxin, and interaction with allogeneic T cells: nitric
oxide production is associated with dendritic cell apoptosis. J. Immunol. 157,
3577–3586.

u, F., Selak, M.,  O’Connor, J., Croul, S., Lorenzana, C., Butunoi, C., Kalman, B., 2000.
Oxidative damage to mitochondrial DNA and activity of mitochondrial
enzymes in chronic active lesions of multiple sclerosis. J. Neurol. Sci. 177,
95–103.

u, C., Schoenfeld, R., Shan, Y., Tsai, H.J., Hammock, B., Cortopassi, G., 2009. Frataxin
deficiency induces Schwann cell inflammation and death. Biochim. Biophys.
Acta 1792, 1052–1061.

und, R.R., Leth-Larsen, R., Caterino, T.D., Terp, M.G., Nissen, J., Laenkholm, A.V.,
Jensen, O.N., Ditzel, H.J., 2015. NADH-cytochrome b5 reductase 3 promotes
colonization and metastasis formation and is a prognostic marker of
disease-free and overall survival in estrogen receptor-negative breast cancer.
Mol. Cell. Proteomics 14, 2988–2999.

acMahon, B., 1991. A code of ethical conduct for epidemiologists? J. Clin.
Epidemiol. 44 (Suppl. 1), 147S–149S.

ailloux, R.J., McBride, S.L., Harper, M.E., 2013. Unearthing the secrets of
mitochondrial ROS and glutathione in bioenergetics. Trends Biochem. Sci. 38,
592–602.

ajolo, F., Oliveira Paludo, F.J., Ponzoni, A., Graebin, P., Dias, F.S., Alho, C.S., 2015.
Effect of 593C > T GPx1 SNP alone and in synergy with 47C > T SOD2 SNP on the

outcome of critically ill patients. Cytokine 71, 312–317.

an, S.M., Hopkins, L.J., Nugent, E., Cox, S., Gluck, I.M., Tourlomousis, P., Wright,
J.A., Cicuta, P., Monie, T.P., Bryant, C.E., 2014. Inflammasome activation causes
dual recruitment of NLRC4 and NLRP3 to the same macromolecular complex.
Proc. Natl. Acad. Sci. U. S. A. 111, 7403–7408.
hemistry & Cell Biology 81 (2016) 281–293 291

Marchi, S., Patergnani, S., Pinton, P., 2014. The endoplasmic
reticulum-mitochondria connection: one touch, multiple functions. Biochim.
Biophys. Acta 1837, 461–469.

Marchi, S., Corricelli, M.,  Trapani, E., Bravi, L., Pittaro, A., Delle Monache, S., Ferroni,
L.,  Patergnani, S., Missiroli, S., Goitre, L., Trabalzini, L., Rimessi, A., Giorgi, C.,
Zavan, B., Cassoni, P., Dejana, E., Retta, S.F., Pinton, P., 2015. Defective
autophagy is a key feature of cerebral cavernous malformations. EMBO Mol.
Med. 7, 1403–1417.

Marchi, S., Retta, S.F., Pinton, P., 2016. Cellular processes underlying cerebral
cavernous malformations: autophagy as another point of view. Autophagy 12,
424–425.

Martinon, F., Burns, K., Tschopp, J., 2002. The inflammasome: a molecular platform
triggering activation of inflammatory caspases and processing of proIL-beta.
Mol. Cell 10, 417–426.

Martinon, F., Petrilli, V., Mayor, A., Tardivel, A., Tschopp, J., 2006. Gout-associated
uric acid crystals activate the NALP3 inflammasome. Nature 440, 237–241.

Martinon, F., 2010. Signaling by ROS drives inflammasome activation. Eur. J.
Immunol. 40, 616–619.

McCarthy, D.A., Ranganathan, A., Subbaram, S., Flaherty, N.L., Patel, N., Trebak, M.,
Hempel, N., Melendez, J.A., 2013. Redox-control of the alarmin,
Interleukin-1alpha. Redox Biol. 1, 218–225.

McManus, M.J., Murphy, M.P., Franklin, J.L., 2011. The mitochondria-targeted
antioxidant MitoQ prevents loss of spatial memory retention and early
neuropathology in a transgenic mouse model of Alzheimer’s disease. J.
Neurosci. 31, 15703–15715.

Meiser, J., Kramer, L., Sapcariu, S.C., Battello, N., Ghelfi, J., D’Herouel, A.F., Skupin, A.,
Hiller, K., 2016. Pro-inflammatory macrophages sustain pyruvate oxidation
through pyruvate dehydrogenase for the synthesis of itaconate and to enable
cytokine expression. J. Biol. Chem. 291, 3932–3946.

Miramar, M.D., Costantini, P., Ravagnan, L., Saraiva, L.M., Haouzi, D., Brothers, G.,
Penninger, J.M., Peleato, M.L., Kroemer, G., Susin, S.A., 2001. NADH oxidase
activity of mitochondrial apoptosis-inducing factor. J. Biol. Chem. 276,
16391–16398.

Moyes, C.D., Battersby, B.J., Leary, S.C., 1998. Regulation of muscle mitochondrial
design. J. Exp. Biol. 201, 299–307.

Mracek, T., Pecinova, A., Vrbacky, M.,  Drahota, Z., Houstek, J., 2009. High efficiency
of  ROS production by glycerophosphate dehydrogenase in mammalian
mitochondria. Arch. Biochem. Biophys. 481, 30–36.

Muller, F.L., Liu, Y., Van Remmen, H., 2004. Complex III releases superoxide to both
sides of the inner mitochondrial membrane. J. Biol. Chem. 279, 49064–49073.

Murakami, T., Ockinger, J., Yu, J., Byles, V., McColl, A., Hofer, A.M., Horng, T., 2012.
Critical role for calcium mobilization in activation of the NLRP3
inflammasome. Proc. Natl. Acad. Sci. U. S. A. 109, 11282–11287.

Murphy, M.P., 2009. How mitochondria produce reactive oxygen species. Biochem.
J  417, 1–13.

Musatov, A., Carroll, C.A., Liu, Y.C., Henderson, G.I., Weintraub, S.T., Robinson, N.C.,
2002. Identification of bovine heart cytochrome c oxidase subunits modified
by the lipid peroxidation product 4-hydroxy-2-nonenal. Biochemistry 41,
8212–8220.

Nakahira, K., Haspel, J.A., Rathinam, V.A., Lee, S.J., Dolinay, T., Lam, H.C., Englert, J.A.,
Rabinovitch, M.,  Cernadas, M.,  Kim, H.P., Fitzgerald, K.A., Ryter, S.W., Choi, A.M.,
2011. Autophagy proteins regulate innate immune responses by inhibiting the
release of mitochondrial DNA mediated by the NALP3 inflammasome. Nat.
Immunol. 12, 222–230.

Neuzil, J., Tomasetti, M.,  Zhao, Y., Dong, L.F., Birringer, M.,  Wang, X.F., Low, P., Wu,
K., Salvatore, B.A., Ralph, S.J., 2007. Vitamin E analogs, a novel group of
mitocans, as anticancer agents: the importance of being redox-silent. Mol.
Pharmacol. 71, 1185–1199.

Ni, A., Yang, T., Mesnard-Hoaglin, N.A., Gutierrez, R., Stubbs Jr., E.B., McGuire, S.O.,
Sanders, V.M., Jones, K.J., Foecking, E.M., Xin, J., 2016. Th17 cell response in
SOD1(G93A) mice following motor nerve injury. Mediators Inflamm. 2016,
6131234.

Ohashi, M.,  Runge, M.S., Faraci, F.M., Heistad, D.D., 2006. MnSOD deficiency
increases endothelial dysfunction in ApoE-deficient mice. Arterioscler.
Thromb. Vasc. Biol. 26, 2331–2336.

Okado-Matsumoto, A., Fridovich, I., 2001. Subcellular distribution of superoxide
dismutases (SOD) in rat liver: Cu,Zn-SOD in mitochondria. J. Biol. Chem. 276,
38388–38393.

Osellame, L.D., Duchen, M.R., 2013. Defective quality control mechanisms and
accumulation of damaged mitochondria link Gaucher and Parkinson diseases.
Autophagy 9, 1633–1635.

Oyewole, A.O., Birch-Machin, M.A., 2015. Mitochondria-targeted antioxidants.
FASEB J. 29, 4766–4771.

Paradies, G., Petrosillo, G., Pistolese, M.,  Ruggiero, F.M., 2002. Reactive oxygen
species affect mitochondrial electron transport complex I activity through
oxidative cardiolipin damage. Gene 286, 135–141.

Pasaniuc, B., Zaitlen, N., Lettre, G., Chen, G.K., Tandon, A., Kao, W.H., Ruczinski, I.,
Fornage, M., Siscovick, D.S., Zhu, X., Larkin, E., Lange, L.A., Cupples, L.A., Yang,
Q.,  Akylbekova, E.L., Musani, S.K., Divers, J., Mychaleckyj, J., Li, M.,
Papanicolaou, G.J., Millikan, R.C., Ambrosone, C.B., John, E.M., Bernstein, L.,
Zheng, W.,  Hu, J.J., Ziegler, R.G., Nyante, S.J., Bandera, E.V., Ingles, S.A., Press,

M.F., Chanock, S.J., Deming, S.L., Rodriguez-Gil, J.L., Palmer, C.D., Buxbaum, S.,
Ekunwe, L., Hirschhorn, J.N., Henderson, B.E., Myers, S., Haiman, C.A., Reich, D.,
Patterson, N., Wilson, J.G., Price, A.L., 2011. Enhanced statistical tests for GWAS
in admixed populations: assessment using African Americans from CARe and a
Breast Cancer Consortium. PLoS Genet. 7, e1001371.

http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0425
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0430
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0435
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0440
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0445
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0450
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0455
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0455
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0455
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0455
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0455
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0455
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0455
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0455
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0455
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0455
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0455
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0455
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0460
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0465
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0470
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0475
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0475
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0475
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0475
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0475
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0475
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0475
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0475
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0475
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0475
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0480
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0485
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0490
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0495
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0500
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0505
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0510
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0515
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0515
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0515
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0515
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0515
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0515
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0515
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0515
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0515
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0515
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0515
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0515
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0520
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0525
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0530
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0535
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0540
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0545
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0550
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0555
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0560
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0565
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0570
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0575
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0580
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0585
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0590
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0590
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0590
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0590
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0590
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0590
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0590
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0590
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0590
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0590
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0590
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0595
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0600
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0605
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0610
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0610
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0610
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0610
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0610
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0610
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0610
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0610
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0610
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0610
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0610
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0610
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0615
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0620
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0625
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0630
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0630
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0630
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0630
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0630
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0630
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0630
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0630
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0630
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0630
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0630
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0630
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0635
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0640
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0645
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0650
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0655
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0660
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0665
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0670
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0670
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0670
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0670
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0670
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0670
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0670
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0670
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0675
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0680


2 f Bioc

P

Q

R

R

R

R

R

R

R

R

R

R

R

S

S

S

S

S

S

S

S

S

S

S

S

S

92 A. Rimessi et al. / The International Journal o

owell, B.R., Kennaway, N.G., Rhead, W.J., Reece, C.J., Burlingame, T.G., Buist, N.R.,
1990. Juvenile multiple sclerosis-like episodes associated with a defect of
mitochondrial beta oxidation. Neurology 40, 487–491.

uinlan, C.L., Perevoshchikova, I.V., Hey-Mogensen, M.,  Orr, A.L., Brand, M.D., 2013.
Sites of reactive oxygen species generation by mitochondria oxidizing different
substrates. Redox. Biol. 1, 304–312.

adi, R., Cassina, A., Hodara, R., 2002. Nitric oxide and peroxynitrite interactions
with mitochondria. Biol. Chem. 383, 401–409.

aja Gopal Reddy, M., Pavan Kumar, C., Mahesh, M.,  Sravan Kumar, M.,  Mullapudi
Venkata, S., Putcha, U.K., Vajreswari, A., Jeyakumar, S.M., 2016. Vitamin A
deficiency suppresses high fructose-induced triglyceride synthesis and
elevates resolvin D1 levels. Biochim. Biophys. Acta 1861, 156–165.

andow, F., Youle, R.J., 2014. Self and nonself: how autophagy targets
mitochondria and bacteria. Cell Host Microbe 15, 403–411.

aturi, A., Simmen, T., 2013. Where the endoplasmic reticulum and the
mitochondrion tie the knot: the mitochondria-associated membrane (MAM).
Biochim. Biophys. Acta 1833, 213–224.

imessi, A., Giorgi, C., Pinton, P., Rizzuto, R., 2008. The versatility of mitochondrial
calcium signals: from stimulation of cell metabolism to induction of cell death.
Biochim. Biophys. Acta 1777, 808–816.

imessi, A., Bonora, M.,  Marchi, S., Patergnani, S., Marobbio, C.M., Lasorsa, F.M.,
Pinton, P., 2013. Perturbed mitochondrial Ca2+ signals as causes or
consequences of mitophagy induction. Autophagy 9, 1677–1686.

imessi, A., Marchi, S., Patergnani, S., Pinton, P., 2014. H-Ras-driven tumoral
maintenance is sustained through caveolin-1-dependent alterations in calcium
signaling. Oncogene 33, 2329–2340.

imessi, A., Bezzerri, V., Patergnani, S., Marchi, S., Cabrini, G., Pinton, P., 2015a.
Mitochondrial Ca2+-dependent NLRP3 activation exacerbates the
Pseudomonas aeruginosa-driven inflammatory response in cystic fibrosis. Nat.
Commun. 6, 6201.

imessi, A., Patergnani, S., Bonora, M.,  Wieckowski, M.R., Pinton, P., 2015b.
Mitochondrial Ca(2 +) remodeling is a prime factor in oncogenic behavior.
Front. Oncol. 5, 143.

istow, M.,  Mulder, H., Pomplun, D., Schulz, T.J., Muller-Schmehl, K., Krause, A., Fex,
M.,  Puccio, H., Muller, J., Isken, F., Spranger, J., Muller-Wieland, D., Magnuson,
M.A., Mohlig, M.,  Koenig, M., Pfeiffer, A.F., 2003. Frataxin deficiency in
pancreatic islets causes diabetes due to loss of beta cell mass. J. Clin. Invest.
112, 527–534.

osca, M.G., Vazquez, E.J., Kerner, J., Parland, W.,  Chandler, M.P., Stanley, W.,
Sabbah, H.N., Hoppel, C.L., 2008. Cardiac mitochondria in heart failure:
decrease in respirasomes and oxidative phosphorylation. Cardiovasc. Res. 80,
30–39.

adasivam, S., Gupta, S., Radha, V., Batta, K., Kundu, T.K., Swarup, G., 2005.
Caspase-1 activator Ipaf is a p53-inducible gene involved in apoptosis.
Oncogene 24, 627–636.

alomone, F., Li Volti, G., Vitaglione, P., Morisco, F., Fogliano, V., Zappala, A.,
Palmigiano, A., Garozzo, D., Caporaso, N., D’Argenio, G., Galvano, F., 2014.
Coffee enhances the expression of chaperones and antioxidant proteins in rats
with nonalcoholic fatty liver disease. Transl. Res. 163, 593–602.

ankhagowit, S., Lee, E.Y., Wong, G.C., Malmstadt, N., 2016. Oxidation of membrane
curvature-regulating phosphatidylethanolamine lipid results in formation of
bilayer and cubic structures. Langmuir 32, 2450–2457.

chaur, R.J., 2003. Basic aspects of the biochemical reactivity of 4-hydroxynonenal.
Mol. Aspects Med. 24, 149–159.

elemidis, S., Dusting, G.J., Peshavariya, H., Kemp-Harper, B.K., Drummond, G.R.,
2007. Nitric oxide suppresses NADPH oxidase-dependent superoxide
production by S-nitrosylation in human endothelial cells. Cardiovasc. Res. 75,
349–358.

hagun, K.C., Carcamo, J.M., Golde, D.W., 2006. Antioxidants prevent oxidative DNA
damage and cellular transformation elicited by the over- expression of c-MYC.
Mutat. Res. 593, 64–79.

han, Y., Schoenfeld, R.A., Hayashi, G., Napoli, E., Akiyama, T., Iodi Carstens, M.,
Carstens, E.E., Pook, M.A., Cortopassi, G.A., 2013. Frataxin deficiency leads to
defects in expression of antioxidants and Nrf2 expression in dorsal root ganglia
of  the Friedreich’s ataxia YG8 R mouse model. Antioxid. Redox Signal. 19,
1481–1493.

hin, W.S., Hong, Y.H., Peng, H.B., De Caterina, R., Libby, P., Liao, J.K., 1996. Nitric
oxide attenuates vascular smooth muscle cell activation by interferon-gamma.
The role of constitutive NF-kappa B activity. J. Biol. Chem. 271, 11317–11324.

hiva, S., Sack, M.N., Greer, J.J., Duranski, M.,  Ringwood, L.A., Burwell, L., Wang, X.,
MacArthur, P.H., Shoja, A., Raghavachari, N., Calvert, J.W., Brookes, P.S., Lefer,
D.J., Gladwin, M.T., 2007. Nitrite augments tolerance to ischemia/reperfusion
injury via the modulation of mitochondrial electron transfer. J. Exp. Med. 204,
2089–2102.

hulman, J.M., De Jager, P.L., Feany, M.B., 2011. Parkinson’s disease: genetics and
pathogenesis. Annu. Rev. Pathol. 6, 193–222.

imon, A., Park, H., Maddipati, R., Lobito, A.A., Bulua, A.C., Jackson, A.J., Chae, J.J.,
Ettinger, R., de Koning, H.D., Cruz, A.C., Kastner, D.L., Komarow, H., Siegel, R.M.,
2010. Concerted action of wild-type and mutant TNF receptors enhances
inflammation in TNF receptor 1-associated periodic fever syndrome. Proc. Natl.
Acad. Sci. U. S. A. 107, 9801–9806.
mith, R.A., Murphy, M.P., 2010. Animal and human studies with the
mitochondria-targeted antioxidant MitoQ. Ann. N. Y. Acad. Sci. 1201, 96–103.

mith, R.A., Murphy, M.P., 2011. Mitochondria-targeted antioxidants as therapies.
Discov. Med. 11, 106–114.
hemistry & Cell Biology 81 (2016) 281–293

Smith, R.A., Porteous, C.M., Coulter, C.V., Murphy, M.P., 1999. Selective targeting of
an antioxidant to mitochondria. Eur. J. Biochem. 263, 709–716.

Snow, B.J., Rolfe, F.L., Lockhart, M.M.,  Frampton, C.M., O’Sullivan, J.D., Fung, V.,
Smith, R.A., Murphy, M.P., Taylor, K.M., 2010. A double-blind,
placebo-controlled study to assess the mitochondria-targeted antioxidant
MitoQ as a disease-modifying therapy in Parkinson’s disease. Mov. Disord. 25,
1670–1674.

St- Pierre, J., Buckingham, J.A., Roebuck, S.J., Brand, M.D., 2002. Topology of
superoxide production from different sites in the mitochondrial electron
transport chain. J. Biol. Chem. 277, 44784–44790.

Starkov, A.A., Fiskum, G., Chinopoulos, C., Lorenzo, B.J., Browne, S.E., Patel, M.S.,
Beal, M.F., 2004. Mitochondrial alpha-ketoglutarate dehydrogenase complex
generates reactive oxygen species. J. Neurosci. 24, 7779–7788.

Szeto, H.H., 2014a. First-in-class cardiolipin-protective compound as a therapeutic
agent to restore mitochondrial bioenergetics. Br. J. Pharmacol. 171, 2029–2050.

Szeto, H.H., 2014b. First-in-class cardiolipin-protective compound as a therapeutic
agent to restore mitochondrial bioenergetics. Br. J. Pharmacol. 171, 2029–2050.

Tahara, E.B., Barros, M.H., Oliveira, G.A., Netto, L.E., Kowaltowski, A.J., 2007.
Dihydrolipoyl dehydrogenase as a source of reactive oxygen species inhibited
by caloric restriction and involved in Saccharomyces cerevisiae aging. FASEB J.
21,  274–283.

Talib, J., Davies, M.J., 2016. Exposure of aconitase to smoking-related oxidants
results in iron loss and increased iron response protein-1 activity: potential
mechanisms for iron accumulation in human arterial cells. J. Biol. Inorg. Chem.
21, 305–317.

Tewari, S., Santos, J.M., Kowluru, R.A., 2012a. Damaged mitochondrial DNA
replication system and the development of diabetic retinopathy. Antioxid.
Redox Signal. 17, 492–504.

Tewari, S., Zhong, Q., Santos, J.M., Kowluru, R.A., 2012b. Mitochondria DNA
replication and DNA methylation in the metabolic memory associated with
continued progression of diabetic retinopathy. Invest. Ophthalmol. Vis. Sci. 53,
4881–4888.

Thacker, J.D., Balin, B.J., Appelt, D.M., Sassi-Gaha, S., Purohit, M.,  Rest, R.F., Artlett,
C.M., 2012. NLRP3 inflammasome is a target for development of
broad-spectrum anti-infective drugs. Antimicrob. Agents Chemother. 56,
1921–1930.

Thornton, C., Hagberg, H., 2015. Role of mitochondria in apoptotic and necroptotic
cell death in the developing brain. Clin. Chim. Acta 451, 35–38.

Tomilov, A.A., Bicocca, V., Schoenfeld, R.A., Giorgio, M.,  Migliaccio, E., Ramsey, J.J.,
Hagopian, K., Pelicci, P.G., Cortopassi, G.A., 2010. Decreased superoxide
production in macrophages of long-lived p66Shc knock-out mice. J. Biol. Chem.
285,  1153–1165.

Triantafilou, K., Hughes, T.R., Triantafilou, M.,  Morgan, B.P., 2013. The complement
membrane attack complex triggers intracellular Ca2+ fluxes leading to NLRP3
inflammasome activation. J. Cell Sci. 126, 2903–2913.

Trounce, I., 2000. Genetic control of oxidative phosphorylation and experimental
models of defects. Hum. Reprod 15 (Suppl. 2), 18–27.

Tschopp, J., Schroder, K., 2010. NLRP3 inflammasome activation: the convergence
of  multiple signalling pathways on ROS production? Nat. Rev. Immunol. 10,
210–215.

Tschopp, J., 2011. Mitochondria: sovereign of inflammation? Eur. J. Immunol. 41,
1196–1202.

Uchida, K., 2003. 4-Hydroxy-2-nonenal: a product and mediator of oxidative
stress. Prog. Lipid. Res. 42, 318–343.

Valko, M.,  Leibfritz, D., Moncol, J., Cronin, M.T., Mazur, M., Telser, J., 2007. Free
radicals and antioxidants in normal physiological functions and human
disease. Int. J. Biochem. Cell Biol. 39, 44–84.

Vance, J.E., 2014. MAM  (mitochondria-associated membranes) in mammalian
cells: lipids and beyond. Biochim. Biophys. Acta 1841, 595–609.

Vasquez- Vivar, J., Kalyanaraman, B., Kennedy, M.C., 2000. Mitochondrial aconitase
is  a source of hydroxyl radical. An electron spin resonance investigation. J. Biol.
Chem. 275, 14064–14069.

Vaubel, R.A., Isaya, G., 2013. Iron-sulfur cluster synthesis, iron homeostasis and
oxidative stress in Friedreich ataxia. Mol. Cell. Neurosci. 55, 50–61.

Vuohelainen, V., Hamalainen, M.,  Paavonen, T., Karlsson, S., Moilanen, E.,
Mennander, A., 2015. Inhibition of monoamine oxidase A increases recovery
after experimental cardiac arrest. Interact Cardiovasc. Thorac. Surg. 21,
441–449.

Wei, Q., Mu,  K., Li, T., Zhang, Y., Yang, Z., Jia, X., Zhao, W.,  Huai, W.,  Guo, P., Han, L.,
2014. Deregulation of the NLRP3 inflammasome in hepatic parenchymal cells
during liver cancer progression. Lab. Invest. 94, 52–62.

Wellen, K.E., Hotamisligil, G.S., 2005. Inflammation, stress, and diabetes. J. Clin.
Invest. 115, 1111–1119.

Wen, H., Ting, J.P., O’Neill, L.A., 2012. A role for the NLRP3 inflammasome in
metabolic diseases–did Warburg miss inflammation? Nat. Immunol. 13,
352–357.

Whatley, S.A., Curti, D., Das Gupta, F., Ferrier, I.N., Jones, S., Taylor, C., Marchbanks,
R.M., 1998. Superoxide, neuroleptics and the ubiquinone and cytochrome b5
reductases in brain and lymphocytes from normals and schizophrenic patients.
Mol. Psychiatry 3, 227–237.

Widder, J.D., Fraccarollo, D., Galuppo, P., Hansen, J.M., Jones, D.P., Ertl, G.,

Bauersachs, J., 2009. Attenuation of angiotensin II-induced vascular
dysfunction and hypertension by overexpression of thioredoxin 2.
Hypertension 54, 338–344.

http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0685
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0690
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0695
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0700
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0705
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0710
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0715
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0720
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0725
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0730
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0735
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0740
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0745
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0750
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0755
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0760
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0765
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0770
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0775
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0780
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0785
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0790
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0795
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0795
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0795
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0795
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0795
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0795
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0795
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0795
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0795
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0795
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0795
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0795
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0800
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0805
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0810
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0810
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0810
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0810
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0810
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0810
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0810
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0810
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0810
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0810
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0815
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0820
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0825
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0830
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0835
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0840
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0845
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0850
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0855
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0860
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0865
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0870
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0875
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0880
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0885
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0890
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0895
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0895
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0895
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0895
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0895
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0895
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0895
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0895
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0895
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0895
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0895
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0900
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0905
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0910
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0915
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0920
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0925
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0930
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0935
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0935
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0935
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0935
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0935
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0935
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0935
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0935
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0935
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0935
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0935
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0940
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0945
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0950


f Bioc

W

W

X

Y

Y

Y

inflammasome activation. Nature 469, 221–225.
van der Burgh, R., Boes, M.,  2015. Mitochondria in autoinflammation: cause,

mediator or bystander? Trends Endocrinol. Metab. 26, 263–271.
A. Rimessi et al. / The International Journal o

itte, M.E., Geurts, J.J., de Vries, H.E., van der Valk, P., van Horssen, J., 2010.
Mitochondrial dysfunction: a potential link between neuroinflammation and
neurodegeneration? Mitochondrion 10, 411–418.

ong, Y.C., Holzbaur, E.L., 2015. Autophagosome dynamics in neurodegeneration
at  a glance. J. Cell Sci. 128, 1259–1267.

u, J., Chi, F., Guo, T., Punj, V., Lee, W.N., French, S.W., Tsukamoto, H., 2015. NOTCH
reprograms mitochondrial metabolism for proinflammatory macrophage
activation. J. Clin. Invest. 125, 1579–1590.

ang, J., Yu, H.M., Zhou, X.D., Huang, H.P., Han, Z., Kolosov, V.P., Perelman, J.M.,
2016. Cigarette smoke induces mucin hypersecretion and inflammatory
response through the p66shc adaptor protein-mediated mechanism in human
bronchial epithelial cells. Mol. Immunol. 69, 86–98.

ankovskaya, V., Horsefield, R., Tornroth, S., Luna-Chavez, C., Miyoshi, H., Leger, C.,
Byrne, B., Cecchini, G., Iwata, S., 2003. Architecture of succinate dehydrogenase

and reactive oxygen species generation. Science 299, 700–704.

u, J., Nagasu, H., Murakami, T., Hoang, H., Broderick, L., Hoffman, H.M., Horng, T.,
2014. Inflammasome activation leads to Caspase-1-dependent mitochondrial
damage and block of mitophagy. Proc. Natl. Acad. Sci. U. S. A. 111,
15514–15519.
hemistry & Cell Biology 81 (2016) 281–293 293

Zaki, M.H., Vogel, P., Body-Malapel, M.,  Lamkanfi, M.,  Kanneganti, T.D., 2010. IL-18
production downstream of the Nlrp3 inflammasome confers protection
against colorectal tumor formation. J. Immunol. 185, 4912–4920.

Zhang, H., Luo, Y., Zhang, W.,  He, Y., Dai, S., Zhang, R., Huang, Y., Bernatchez, P.,
Giordano, F.J., Shadel, G., Sessa, W.C., Min, W.,  2007. Endothelial-specific
expression of mitochondrial thioredoxin improves endothelial cell function
and reduces atherosclerotic lesions. Am.  J. Pathol. 170, 1108–1120.

Zhang, M.,  Kenny, S.J., Ge, L., Xu, K., Schekman, R., 2015. Translocation of
interleukin-1beta into a vesicle intermediate in autophagy-mediated
secretion. Elife 4, e11205.

Zhou, R., Yazdi, A.S., Menu, P., Tschopp, J., 2011. A role for mitochondria in NLRP3
Zitvogel, L., Kepp, O., Galluzzi, L., Kroemer, G., 2012. Inflammasomes in
carcinogenesis and anticancer immune responses. Nat. Immunol. 13, 343–351.

http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0955
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0960
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0965
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0970
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0975
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0980
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0985
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0990
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref0995
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1000
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1005
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010
http://refhub.elsevier.com/S1357-2725(16)30155-8/sbref1010

	Mitochondrial reactive oxygen species and inflammation: Molecular mechanisms, diseases and promising therapies
	1 Introduction
	2 Mitochondrial ROS production systems
	2.1 The multitarget effects of mitochondrial ROS: mtDNA, mitochondrial membranes (lipids) and pivotal mitochondrial proteins
	2.1.1 Mitochondrial DNA
	2.1.2 Lipid alterations
	2.1.3 Protein carbonylation

	2.2 Mitochondrial ROS detoxification systems
	2.3 The role of mitochondrial ROS in inflammation-related diseases
	2.4 Inflammation-associated or sensing proteins: inflammasomes

	3 Conclusions
	Acknowledgments
	References


