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a  b  s  t  r  a  c  t

Eukaryotic  cells  have  a  highly  evolved  system  of  protein  secretion,  and dysfunction  in this  pathway  is
associated  with  many  diseases  including  cancer,  infection,  metabolic  disease  and  neurological  disorders.
Most proteins  are  secreted  using  the  conventional  endoplasmic  reticulum  (ER)/Golgi  network  and  as  such,
this pathway  is well-characterised.  However,  several  cytosolic  proteins  have  now  been  documented  as
secreted by  unconventional  transport  pathways.  This  review  focuses  on  two  of  these  proteins  families:
eywords:
nconventional secretion
alectins
nnexins

annexins  and  galectins.  The  extracellular  functions  of  these  proteins  are  well  documented,  as  are  asso-
ciations  of their  perturbed  secretion  with  several  diseases.  However,  the mechanisms  and  regulation  of
their secretion  remain  poorly  characterised,  and  are  discussed  in  this  review.

This  review  is  part  of a Special  Issues  of SCDB  on  ‘unconventional  protein  secretion’  edited  by  Walter  Nickel
and  Catherine  Rabouille.
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. Introduction

The conventional protein secretion pathway is now well-
nderstood: proteins are directed into the endoplasmic reticulum
ER) lumen, or are anchored in its membrane, by an N-terminal

of this pathway provide further details [1–4]. However, not all
secreted proteins use this pathway. A growing list of unconven-
tionally secreted proteins have been described which do not have
an N-terminal signal sequence yet are still functional outside of the
ignal sequence or hydrophobic segment. From here, proteins are
xported out of the ER to the Golgi apparatus and are then traf-
cked to the cell surface via membrane-bound vesicles. Reviews

∗ Corresponding author.
E-mail address: km510@cam.ac.uk (K. Moreau).

ttps://doi.org/10.1016/j.semcdb.2018.02.022
084-9521/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article u
cell [5–7]. Furthermore, their export is not blocked by inhibitors of
the classical secretion pathway such as brefeldin A, showing that
they do not use the classical ER-Golgi-plasma membrane pathway.
The existence of this unconventional route for secretion may  help in

preventing inappropriate interactions. For example, glycoproteins
and their ligands should be kept apart at some stages of trafficking
to stop them interacting at the wrong time or place.

nder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Fig. 1. Pathways for unconventional secretion of galectins and annexins. Direct translocation, which may  be facilitated or unfacilitated as part of type I secretion, or facilitated
b mple 

v n foun
i cated
p n blue

n
c
d
c
e
a
t
t
t
t
fi
p
a
w

v
a
v
w
c
b
t
o
m
m
u
o
F

p
t

y  ABC transporters in type II secretion. Export via lysosomes or endosomes, an exa
ia  exosomes might be an example of type III secretion. It is unclear where annexi
n  MVBs, and might be transferred from EVs back to the plasma membrane, as indi
rotein  family using that pathways is shown for annexin in green and for galectin i

Multiple pathways have been proposed to explain the mecha-
isms by which these unconventionally secreted proteins leave the
ell, which fall into four categories. The three of these that will be
iscussed in this review are shown in Fig. 1. All four types involve
rossing a membrane, with nomenclature as described by Rabouille
t al. [8] For types I and II, proteins are directly translocated
cross the plasma membrane. Type I refers to translocation across
he plasma membrane; either aided by other protein complexes,
ransported through pores, or unfacilitated. In type II secretion,
ranslocation is via ATP-binding-cassette (ABC) transporter pro-
eins. Type III describes the secretion of cytoplasmic proteins that
rst enter the lumen of an organelle, which then fuses with the
lasma membrane. In type IV secretion, transmembrane proteins
re inserted in the ER membrane, but reach the plasma membrane
ithout passing through the Golgi.

In addition, cytoplasmic proteins can be released in extracellular
esicles (EVs), which are categorised as exosomes or microvesicles
ccording to their origins [9]. Exosomes are formed from multi-
esicular bodies (MVBs) via invagination of the MVB  membrane
hich creates internal vesicles – exosomes – that are loaded with

ytoplasmic proteins. Upon fusion of MVBs with the plasma mem-
rane, exosomes are released. This may  be another example of
ype III secretion, although it is unclear if proteins reach the lumen
f MVBs or remain inside exosomes. The second type of EVs are
icrovesicles, which derive from direct budding from the plasma
embrane. Pathways involving EVs do not fully explain how an

nconventional protein might be secreted; although proteins are
utside the cell, they should remain inside vesicles, as shown in

ig. 1.

This review will focus on the unconventional secretion of two
rotein families: annexins and galectins. For both of these pro-
ein families, the presence of family members outside the cell
of type III secretion. Export in EVs, either via exosomes or via microvesicles; export
d on the surface of EVs originates from. It could come from crossing a membrane

 by arrows marked with question marks. Brief summaries of the evidence for each
.

has been documented. Annexin A1, A2, A4 and A5 are all found
in the extracellular space or bound to the outer leaflet of the
plasma membrane [10–12]. Many galectins have been shown to be
located outside of the cell, with galectins 1 and 3 perhaps being the
best documented due to their well-established functions and their
interactions with other extracellular proteins [13,14]. Interestingly,
perturbations of the secreted levels of both annexins and galectins
are associated with disease. For example, changes in the secreted
levels of many annexin family members are associated with can-
cer [15]. Annexin A2 is a surface receptor for �2-glycoprotein I,
a phospholipid-binding protein found in plasma known to be an
autoantigen in the antiphospholipid antibody syndrome [16,17].
Galectins are broadly associated with infection and inflammation
[18]. The level of galectin-3 in the serum is associated with cardio-
vascular disease, and is used as a biomarker to predict outcomes in
heart failure [19,20]. These disease associations with altered secre-
tion make it interesting to understand both the regulation of and
the mechanism for secretion, as knowledge of this process this
could ultimately have clinical applications.

2. Annexins

Annexins are phospholipid binding proteins forming a con-
served family, with members expressed in animal and plant
kingdoms. In most cases, their phospholipid binding activity is
calcium (Ca2+) dependent [21]. Structurally, annexins are charac-
terised by a conserved alpha-helical core domain, which functions
as a calcium regulated membrane binding module, and a central

hydrophilic pore, proposed to function as a calcium channel, as
reviewed by Gerke and Moss[10]. Additionally, annexins have a
unique N-terminal domain that confers individual annexin func-
tion [10,21]. A well established role of annexins is in membrane
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rganisation, particularly in formation of membrane domains, via
heir binding activities to phospholipids [10,12,21].

Annexin’s extracellular localisation is evidenced by their func-
ion as receptors for extracellular proteins. In general, annexins
utside the cell can act as receptors for serum proteases as well as
egulators of cell migration and blood coagulation [10–12]. Annexin
2 has been described as a cell surface receptor for elements of

he plasmin/plasminogen activator system present on the surface
f endothelial cells, and for �2-glycoprotein I, as mentioned pre-
iously. Other ligands for annexin A2 on the cell surface include
rocathepsin B on cancer cells and 1�,25-Dihydroxyvitamin D3, a
itamin D analogue, on osteoblasts [22,23]. Extracellular annexins
re also important in innate immunity, acting as neutralising agents
y binding to pathogens [24].

The secretion of annexins must be regulated to ensure cor-
ect function. Annexin A4 and annexin A5 function outside the
ell as anticoagulant factors via their Ca2+-regulated binding to
hospholipids [10]. Annexin A5 plasma concentration is low and
onstant both during pregnancy and post-partem, whereas the
evel of annexin A4 increases shortly after delivery [25]. Moreover,
ntibodies directed against annexin A5, which inhibit its anticoagu-
ant function, are found in patients with recurrent pregnancy losses

ith antiphospholipid syndrome [26]. This demonstrates that reg-
lation of annexin secretion is essential in order to be expressed at
he correct time in pregnancy.

.1. Mechanisms of annexin secretion

Despite having described extracellular functions, the mecha-
isms of annexin secretion remain unclear. There are two major
athways currently proposed for the secretion of annexins: direct
ranslocation across the plasma membrane and secretion via EVs.
hese pathways have been best studied using annexin A1 and A2,
hereas little is known about the mechanisms for secretion of

nnexins A4 and A5. In most studies, only one annexin family mem-
er has been investigated, so it remains unclear whether the cellular
echanisms described apply to all family members.

.1.1. Direct translocation
Insertion of annexins into membranes has been demonstrated

or several family members (annexin A1, A2, A4, A5 and A6),
eviewed by Lizarbe et al. [21]. It has been further suggested that
nnexin oligomers can span the plasma membrane, as has been
eported for annexin A12 [27]. Their proposed function as calcium
hannels also suggests that annexins are able to span membranes
28,29]. Additionally, several annexin family members are reported
o induce leakage in liposomes, which is likely to be via inser-
ion into the membrane [29–31]. Together, this suggests that it
s possible that annexins do not require any other elements to
ross the plasma membrane, pointing to an unfacilitated type

 unconventional protein secretion pathway. However, many of
hese observations were made in the absence of calcium and at
ow pH; as such, it is unclear whether this would occur in vivo, and
vidence for unfacilitated transport in cells and in vivo is limited.

We recently showed that annexin A2 and annexin A5 are
ble to translocate across membranes in liposomes and in cells.
his translocation requires Ca2+-dependent binding to negatively
harged phospholipids and lipid flipping activity (unpublished,
reprint available [32]). Here there are similarities to FGF-2 translo-
ation across membranes, requiring FGF-2 binding to lipids, with
dditional insight into the role of lipid remodelling in the translo-
ation process [33]. Furthermore, we identified a phospholipid

ranslocase called TMEM16F (anoctamin-6) which is required for
ipid flipping activity in cells (unpublished, preprint available [32]).
ur study provides the first evidence for a protein flipping mecha-
ism dependent on lipid remodelling. However, this does not show
pmental Biology 83 (2018) 42–50

the full mechanism: it remains unclear whether this translocation
is facilitated or unfacilitated. It is also yet to be determined whether
this is a general mechanism for unconventional secretion or if this
is specific to annexin A2.

Alternatively, it has been suggested that annexin A1 is trans-
ported from the cytosol across the plasma membrane into the
extracellular space by type II secretion by ABC-transporter pro-
teins: ATP dependent membrane transporters responsible for
transporting cargo such as ions, heavy metals, amino acids and sug-
ars [34]. Certain bacterial ABC transporters are responsible for the
secretion of larger molecules, including proteins, for example in
the export of haemolysin A from Escherichia coli [34]. As such, it
is possible that ABC transporters may  also be responsible for the
secretion of leaderless proteins in mammalian cells.

The first study to investigate a role for ABC transporters used
glucocorticoid to stimulate annexin A1 externalisation in pituitary
folliculo-stellate cells; ATP binding cassette A1 (ABCA1) transporter
is readily detectable in these cells and co-localises with cell sur-
face annexin A1 [35]. Additionally, annexin A1 externalisation was
inhibited by glyburide, an ABC transporter inhibitor [35]. Based on
this somewhat limited evidence, a role for ABCA1 in the secre-
tion of annexin A1 was suggested [35]. A second group to report
the involvement of ABC transporters for annexin secretion showed
that annexin A1 secretion is inhibited by two ATPase inhibitors,
vanadate and pervanadate [36]. This group used fresh mucosa from
the rectum of rats experimentally inflamed by trinitrobenzenesul-
fonic acid, a tissue selected as it had been shown to actively secrete
annexin 1 in concentrations easily detected [36,37]. Interestingly,
in the second study glyburide did not inhibit annexin A1 secretion;
the authors suggest that this discrepancy is due to differences in
stimulation methods and the cell line used.

Although these studies give indirect evidence for the role of ABC
transporters in annexin A1 secretion, there is no direct evidence
to show that ABCA1 or any other ABC transporter is responsible
for annexin A1 secretion. The above studies show that annexin
A1 secretion is inhibited by ABC transporter inhibitors, but neither
study conclusively shows that ABC transporters were involved, as
it is unclear whether the inhibitors used are selective for ABC trans-
porters exclusively. Therefore, it is possible that other transporters
and/or processes are affected by the inhibitors used. Furthermore,
contradictory data when using glyburide suggests that the mecha-
nism for annexin A1 secretion differs depending on the stimulant
and the cell line used.

2.1.2. Extracellular vesicles
It is well known that annexins are commonly found in EVs [38].

In the cytoplasm, annexins are known to have important roles in
membrane trafficking and endocytosis, therefore, it is likely that
their association with EVs is due to their association with endo-
somes and MVBs, as reviewed by Futter and White [39]. Annexin
A2 has been implicated in MVB  formation and annexin A1 has been
shown to be important for intraluminal vesicles budding within
the MVB  after epidermal growth factor stimulation [40,41]. These
data support the idea that the annexins localise to EVs due to their
membrane trafficking roles.

However, it has additionally been proposed that annexins are
specifically packaged into exosomes for their secretion into the
extracellular space. In this case, annexins would need to be released
from secreted EVs to interact with extracellular ligands and bind
to the cell surface. This makes the hypothesis controversial, as it
remains to be shown whether EVs actually release their contents
outside the cell. Adding evidence to the association between annex-

ins and EVs, we  have demonstrated that annexin A2 is detectable
on the surface of cell line derived EVs [42]. Annexin A2 on the sur-
face of exosomes is also thought to have functional consequences,
particularly in the progression of breast cancer [43]. However, it
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s still unclear whether annexin A2 is specifically packaged onto
he surface of EVs. It is possible that the annexin A2 detected on
he extracellular face of EVs originates from the cell surface. In
his case, annexin A2 would have to traverse at least one mem-
rane: the plasma membrane, endosomal membrane or exosomal
embrane. This is theoretically possible as our recent paper indi-

ated that annexin A2 is able to cross membranes (unpublished,
reprint available [32]). However, others have reported that EVs
ave inside-out protein localisation occurs [44], suggesting a spe-
ific mechanism for transporting proteins to the surface of EVs that
emains to be identified.

Although there is no explanation as to how an EV pathway would
ediate the trafficking of annexins to the cell surface, there is evi-

ence to suggest that exosomes play a role in annexin secretion.
s mentioned previously, interferon-� stimulation increases cell
urface translocation of annexin A2 in lung epithelial cells. Addi-
ionally, this increase can be inhibited by reagents that are thought
o block exosome biogenesis [45]. These observations were rec-
nciled into a pathway for trafficking annexin A2 into exosomes
hrough the autophagosomal pathway, termed exophagy [46]. In
his pathway, it is suggested that annexin A2 is trafficked into
utophagosomes which then fuse with the MVB  in a Rab11 depen-
ent fashion [46]. The combined autophagosome and MVB, termed
he amphisome, then fuses with the plasma membrane in a Rab8A
nd Rab27A dependent manner [46]. This process is also likely to
e dependent on the initiation of autophagy, as annexin A2 secre-
ion in exosomes decreased when autophagy protein 5 (ATG5) was
ilenced [46]. However, ATG5 has been shown to play a role in
utophagy-independent processes, so it remains possible that this
ffect does not involve autophagy pathways [47].

While it is clear that interferon-� stimulation increases both the
mount of annexin A2 on the cell surface and the amount associ-
ted with EVs, it remains unclear if these two processes are directly
inked. It has not convincingly been shown that the inhibition
f exophagy results in a decrease in annexin A2 at the cell sur-
ace. Furthermore, whether this process occurs under unstimulated
onditions remains unknown; it may  be specific to interferon-�
timulation.

.2. Regulation of annexin secretion

Various compounds have been shown to alter annexin secretion,
nd some mechanisms for this regulation have been documented.
any of these mechanisms involve Ca2+. The corticosteroid dex-

methasone induces release of annexin A1 from the human
mmature lymphoblastic CCRF-CEM cell line [48]. This release is
a2+-dependent; Ca2+ influx triggers annexin A1 cleavage, which

s required but not sufficient for secretion [48]. Glutamate has also
een associated with annexin A2 secretion in a process dependent
n N-methyl-D-aspartate (NMDA) receptor activity, a Ca2+ channel
acilitating Ca2+ influx, in the transformed mouse photoreceptor
ell line 661W [49].

The Ca2+-binding protein p11 is implicated in regulation of sur-
ace translocation of annexin A2 by both interferon-� and thrombin
45,50]. Annexin A2 binds directly to p11 in response to Ca2+ influx
51]. Interferon-� enhances surface translocation of annexin A2
ia activation of the JAK2/STAT1 signal pathway, dependent on
he interaction between annexin A2 and p11, in lung epithelial
ells [45]. Thrombin also increases annexin A2 secretion in a p11-
ependent manner in umbilical vein endothelial cells (HUVECs)
50]. Together, this suggests that trafficking of annexin A2 across
he plasma membrane is controlled by p11.
A common trigger of unconventional secretion is cellular stress,
ncluding stress from infection and inflammation [52–54]. Inflam-

ation is characterised by a localised emigration of neutrophils and
ther leukocytes from the blood to inflamed tissue, which can be
pmental Biology 83 (2018) 42–50 45

delayed by glucocorticoids. Annexin A1 has been shown to regulate
this glucocorticoid effect [55]. Neutrophils adhering to activated
endothelium are able to externalise annexin A1 via an unknown
mechanism, resulting in a decrease of neutrophil extravasation
caused by annexin A1 binding to integrins and G protein-coupled
receptors (GPCRs) [56–58]. Because the mechanism of annexin
secretion is unknown, it remains possible that the extracellular
annexin A1 originates from lysed cells during inflammation. How-
ever, temperature stress can also lead to annexin A2 secretion in
endothelial cells; this does not cause cell death or cell lysis and is
dependent on both p11 and phosphorylation of annexin A2 [59]. A
recent report showed the role of macrophage activation and polari-
sation in annexin secretion [60]. P2X7R stimulation of macrophages
releases annexins A1, A2 and A4 independently of the macrophage
polarisation state, suggesting a potential role for P2X7R during res-
olution of the inflammation [60]. Finally, stress-activated caspase-1
has been implicated in annexin A2 secretion, verified by siRNA
knockdown [61]. Caspase-1 has been proposed to be a more general
regulator of unconventional protein secretion, although evidence
for this is limited.

3. Galectins

Galectins are galactose-specific lectins: proteins with conserved
carbohydrate recognition domains which bind �-galactosides via
their carbohydrate recognition domain (CRD) [62]. They can be
categorised into three groups: prototypical galectins, which have
one CRD; tandem repeat galectins, with two  CRDs with different
specificities to each other; and the chimeric group consisting only
of galectin-3, which has one CRD and a large, flexible N-terminal
domain (NTD) [13]. Most of the prototypical galectins have been
shown to exist as homodimers [63], and tandem repeat galectins
are bivalent by definition, with each galectin in this group hav-
ing two CRDs with different specificities to each other [64,65].
Galectin-3′s NTD confers multivalent properties via self associa-
tion [66], both via NTD-NTD interactions and NTD-CRD interactions
[67]. This multivalent property of galectins allows the formation of
galectin-glycan lattices, as reviewed by Rabinovich et al. [63].

Many studies have found that galectins have different and some-
times opposing functions inside and outside of the cell, particularly
for galectin-3, one of the most well-studied galectins [13,68–71].
For example, galectins such as galectin-1 and galectin-3 are able to
induce apoptosis outside the cell, thought to be mediated by their
interactions with glycans [72,73]. In contrast, galectin-3 inhibits
apoptosis inside the cell, likely via protein-protein interactions
[68,71]. Outside the cell, galectins are involved in cell-cell and cell-
matrix interactions via interactions with proteins including laminin
and fibronectin [71]. They have highly diverse functions, including
in cell adhesion, epithelial homeostasis and as chemoattractants
in the immune system [18,70,74–76]. As the specific functions of
galectins are dependent on both the cell type they are expressed
in and on their cellular or extracellular localisation, their secretion
must by tightly regulated in order for them to function correctly.

3.1. Mechanism of galectin secretion

Mechanisms for the export of galectins are not well understood.
Most of the work elucidating a mechanism for secretion has been
performed using galectin-1 and galectin-3, so this section will pri-
marily focus on these proteins. Work on the mechanism has pointed
to different routes for secretion, but it is possible that galectins are
able to make use of more than one pathway [77].
3.1.1. Oligomerisation of galectins may be required for secretion
It has been reported that deletion of the first twelve residues of

galectin-3′s N-terminal domain (NTD) blocks the export of galectin-
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 into the cell supernatant [78]. That the NTD is required for
ecretion is a surprising finding as all members of the galectin
amily that are secreted use an unconventional pathway, yet the
xtended NTD is unique to galectin-3. Delacour et al. propose that
t is not the NTD itself but rather oligomerisation that is necessary
or galectin-3 secretion, as this is the domain that is responsible for
ligomerisation of galectin-3 [79]. It is a possibility that oligomeri-
ation is universally required for galectin secretion, although there
re no studies that have investigated this specifically. Although
here are galectins which predominately exist as monomers, many
f these have more recently been shown to also exist as dimers, such
s galectin-7 and galectin-8 [14,80,81]. Alternatively, as this study
nly looked at galectin-3 in the supernatant [78], it is possible that
he galectin-3 NTD mutant is in fact secreted but remains tightly
ound to the cell surface. This is unlikely, as the NTD acts to increase
inding affinity to galactomannans, and would be expected to

ncrease avidity to galectin-3 ligands [82]. However, whether the
utant is present on the cell surface needs to be determined given

hat the mechanism by which the NTD alters galectin-3′s binding
unctions is unknown [82]. It could also be that different galectins
re secreted by different pathways in response to different signals,
s suggested by Barondes et al. [76].

.1.2. Direct translocation
Previous work has suggested that galectin-1 uses the same route

s FGF-2 for its secretion, which is the most-studied unconvention-
lly secreted protein that uses the direct translocation pathway.
n vitro studies have shown that both proteins are imported into
nside-out vesicles derived from the plasma membrane, implying
hat they are both directly translocated across the plasma mem-
rane [83]. Recent work has highlighted the importance of the
hospholipid PI(4,5,)P2 in the unconventional secretion of FGF-2.
I(4,5)P2 is required for recruitment of FGF-2 to the plasma mem-
rane and FGF-2 oligomerisation to form a pore for transport across
he membrane [33,84,85]. It is possible that the FGF-2 mechanism
or secretion represents a more widely applicable unconventional
ecretion mechanism, as IL-1� also uses PI(4,5)P2dependent pore
ormation for secretion, but the role of PI(4,5)P2 has not been stud-
ed for the galectins [86]. It has also been found that heparin sulfates
n the cell surface act as counter receptors to ensure FGF-2 is
ranslocated in one direction [85,87]. If FGF-2 and galectins are
xported from cells in the same way, it could be that glycans on the
ell surface act in a similar way, as previous work with galectin-

 suggested that glycans are required for secretion [88]. In direct
ontrast to this, CHO cell with glycosylation defects are still able
o secrete galectin-1 [89]. Furthermore, we recently showed that
alectin-3 can be exported from cells when glycosylated proteins
re not available; galectin-3 was detected only in the cell super-
atant as it has no binding partners on the cell surface [90]. If there

s a common pathway for all galectins’ secretion, a requirement
or glycans seems unlikely, as it has been demonstrated that both
alectin-1 and galectin-3 can be secreted in their absence.

Interestingly, galectin-3 has been shown both to interact with
ipids found in the plasma membrane and to spontaneously move
cross the lipid bilayer [91]. This was shown in both live cells
nd membrane models; as the membrane models did not contain
embrane proteins, it is possible that no additional machinery
ould be required for the export of galectin-3, pointing to type

 unfacilitated direct translocation as a pathway. Furthermore, it
s thought that both galectin-1 and galectin-3 accumulate on the
ytoplasmic side of the plasma membrane before being secreted;

his has been clearly demonstrated for galectin-1 but has been
ssumed for galectin-3 [92,93]. Although this accumulation would
e required for type I direct translocation, in itself this does
ot exclusively implicate direct translocation as a mechanism,
pmental Biology 83 (2018) 42–50

as release in microvesicles budding from the plasma membrane
would also involve this step.

3.1.3. Release in extracellular vesicles
There is evidence for the release of galectins from cells in EVs,

either being released in microvesicles formed from membrane
blebbing, or from exosomes that originate from MVBs. Overall,
these routes are not well defined, with the question of how galectins
are released from these vesicles into the extracellular space remain-
ing unanswered.

Most of the work regarding galectin release in EVs implicates
microvesicles. In cultured mouse muscle cells, galectin-1 has been
shown to accumulate in concentrated patches underneath the
plasma membrane, where microvesicles loaded with galectin-1
then form and are released into the medium [93]. Secretion in
microvesicles has also been demonstrated for a galectin-3 chimera
protein: a fusion of galectin-3 and a Lck segment [92]. The Lck seg-
ment directs Lck, or in this case the chimera, to the cytoplasmic side
of the plasma membrane. Alone, the Lck segment increases traffic
to the membrane but does not affect secretion, demonstrated by
the fact that the segment fused to the CRD of galectin-3 was  not
secreted [92]. This is also in accordance with the finding that dele-
tion of the first twelve residues of galectin-3′s NTD blocks galectin-3
export into the cell supernatant [78]; the galectin-3 chimera pro-
tein was  also not secreted without galectin-3′s NTD [92]. Although
this is good evidence for release of galectin3 in microvesicles, this
model relies on the assumption that endogenous galectin-3 is able
to accumulate under the plasma membrane.

On the cell surface, galectin-3 forms clusters with glycosphin-
golipids and glycosylated proteins, which causes mechanical strain
that leads to formation of clathrin-independent carriers inside cells
[94]. As these vesicles form in the opposite direction to microvesi-
cles, this is not directly relevant to secretion, but does demonstrate
that galectin-3-glycan clusters are able to induce membrane bend-
ing. Adding to this, other work has shown that a mechanical
stimulus, of either scraping or trypsinisation to suspend cells,
induces galectin-3 secretion; here it was  suggested, although not
demonstrated, that a mechanical stimulus might induce secretion
in microvesicles [95]. It is theoretically possible that this mecha-
nism invoked by mechanical strain to form internal vesicles could
also work in the opposite direction and lead to microvesicle forma-
tion. Again, galectin-3 would need to accumulate underneath the
plasma membrane for this to take place. While it has been shown
that galectin-1 accumulates underneath the plasma membrane
[93], this remains to be demonstrated for endogenous galectin-
3.

Additional work supports a model of release either via exosomes
or via lysosomes, although this may  exclusively be as part of a stress
response. The induction of autophagy by CPP recruits galectin-3 to
the late endosome and/or lysosomes in HEK293 cells, although it
has not been determined whether galectin-3 is inside or on the
surface of these vesicles [96]. MVBs are a type of late endosome,
so this may  also implicate the exosomal pathway. Furthermore,
galectin-3 and galectin-4 have been shown to accumulate in endo-
somes [97,98]. How galectins get into these vesicles remains an
unanswered question. One possible route is via damaged vesicles;
galectins 1, 3, 8 and 9 all localise to damaged lysosomes and remain
there for several hours, regardless of whether the cell dies or recov-
ers [99]. Here galectins function as sensors of lysosomal damage
[100]. If these damaged lysosomes do represent part of a secre-
tion pathway, only lysosomes that recover from damage could be

involved in secretion. Regardless of how galectins enter lysosomes
or endosomes, this pathway cannot represent a universal route
for secretion as galectins are secreted from cells at a basal level;
however, it may  be important for secretion induced by cell stress.
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Table  1
Evidence for regulation of galectin and annexin secretion.

Regulator Effect Evidence Result Refs.

Calcium ion influx Increases galectin and annexin
secretion

Calcium ionophore A23187 treatment of kidney cells ↑ galectin-3 secretion [101,102]
Corticosteroid-induced calcium ion influx triggers
annexin A1 cleavage

↑ annexin A1 secretion [48]

Glutamate stimulation of NMDA receptor, inducing
calcium ion influx

↑ annexin A2 secretion [49]

p11 Increases annexin A2 secretion Interferon-� treatment of lung epithelial cells ↑ annexin A2 secretion [45]
Thrombin treatment of umbilical vein endothelial cells ↑ annexin A2 secretion [50]
p11  knockdown in mouse endothelial cells ↓ annexin A2 secretion [59]

Stress Generally increases
unconventional secretion

Reviewed by Merani et al. ↑ galectin secretion [106]
Dengue viral infection of THP-1 cells ↑ galectin-9 secretion [107]
Neutrophils externalise annexin A1 during
extravasation

↑ annexin A1 secretion [56–58]

Temperature stress of endothelial cells ↑ annexin A2 secretion [59]

Caspase-1 Potential stress-activated
regulator of some
unconventionally secreted
proteins

Galectin-1, galectin-3 and annexin A2 identified in a
mass-spectrometry-based screen to identify secreted
proteins regulated by caspase-1

[61]

Knockdown of caspase-1 in Human primary fibroblast ↓ annexin A2 in supernatant [61]

P2X7R Increases annexin secretion P2X7R stimulation of macrophages ↑ annexin A1, A2 and A4 secretion [60]

Serum Increases galectin-3 secretion Cells cultured in serum free medium ↓ galectin-3 secretion [102]
Fetuin treatment of breast cancer cells ↑ galectin-3 secretion [103]
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PMA Increases galectin-9 secretion PMA  treatment of Ju
PMA  treatment of TH

.2. Regulation of galectin secretion

Little is known about the regulation of galectin secretion, and
t is unclear whether regulation is universal as only galectin-3 and
alectin-9 have been well-studied. Two key regulators of galectin3
ecretion identified are calcium and serum. The calcium ionophore
23187, which induces a Ca2+ influx to the cytosol, increases trans-
ort of galectin-3 into the extracellular space from Madin-Darby
anine Kidney cells and from Baby Hamster Kidney cells [101,102].
erum free media decreases galectin-3 secretion [102], while the
erum protein fetuin can stimulate rapid export of galectin-3 from
reast cancer cells [103]. Work in the Jurkat T cell line has shown
hat phorbol 12-myristate 13-acetate (PMA), an activator of protein
inase C (PKC), induces both an overall upregulation of galectin-9
RNA and an increase in galectin-9 on the cell surface [104]. How-

ver, further work is needed to clarify the role of PKC here, as a PKC
nhibitor only makes a slight difference to galectin-9 levels [104].
dditionally, PKC is involved in many signalling pathways in the cell
nd it is unknown which of these pathways would be involved in
alectin-9 secretion. Furthermore, another study found that PMA
reatment of human THP1 cells induces an increase in galectin-3

RNA and protein levels of galectin-3 both in the medium and in
xosomes, but this study attributes the change to the role of PMA
s an inducer of NADPH activity [105]. While these studies are in
ccordance with each other in that they show PMA  upregulates
alectin, they both lack any direct evidence for the mechanism by
hich this drug effects the change.

Another potential regulator of galectin secretion is caspase-1.
oth galectin-3 and galectin-1 were identified as possibly being
egulated by stress-activated caspase-1, alongside annexin A2 and
ther unconventionally secreted proteins. However, regulation of
alectin secretion by caspase-1 has not been specifically veri-
ed [61]. Stress in general, particularly as a result of infection, is

mplicated in galectin secretion. A number of viral infections are
ssociated with an increase in galectin levels in serum and plasma,
eviewed by Merani et al. [106]. A recent study showed that secre-

ion of galectin-9 increases upon dengue viral infection in human
HP-1 cells, suggested to function as a protective mechanism for
ells by limiting viral attachment to surface glycans [107].
 cell line ↑ galectin-9 on cell surface [104]
ells ↑ galectin-9 in medium, exosomes [105]

Other regulators of extracellular galectin levels have been
identified, but these do not directly affect galectin secretion.
For example, galectin-3 expression can be modulated by the
hormones 17�-oestradiol, progesterone and human chorionic
gonadotropin, which all stimulate translation of galectin-3 and lead
to increased secretion of galectin-3 from the embryonic cell line
BeWo [108]. Outside the cell, matrix metalloproteinases (MMPs)
cleave galectins, so extracellular levels of galectin-3 decrease when
MMP2  and MMP9  increase [109,110]. Conversely, broad-range
MMP  inhibitors suppress the release of galectin-9 from Jurkat cells,
possibly suggesting MMPs  are needed to release galectin-9 from
the cell surface [104].

4. Conclusions

Galectins and annexins are functionally unrelated, but both fam-
ilies have extracellular functions and lack an N-terminal signal
sequence to direct them through to the ER for secretion. Although in
both cases much is left to be determined about how they are uncon-
ventionally secreted, there are some common themes in what little
is known.

In  terms of the mechanism for secretion, there is some evidence
to suggest that oligomerisation is important for both of these pro-
tein families to be secreted. For galectin, this is mostly an implicit
suggestion, based on the evidence that the N-terminal domain of
galectin-3 is required both for its oligomerisation and secretion,
yet is unique to the only chimeric galectin. This is very limited
evidence if it is used to generalise to all galectins, and is primar-
ily based on the assumption that all of the galectins would follow
the same pathways for secretion. Although this may well be a rea-
sonable assumption, there is no direct evidence to support it. For
the annexins, it has been shown that annexin A12 oligomers span
membranes, but again there is no direct evidence to show that other
annexins do this. It is likely that in both cases oligomerisation would
be part of a direct translocation mechanism. If oligomerisation is

indeed involved for both annexin and galectin secretion, this may
suggest that it is a common feature to unconventional secretion
more generally, as FGF-2 also needs to oligomerise as part of its
secretion [33].
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There is also evidence for both annexins and galectins being
ssociated with EVs. Again, the story is not complete here. Often
ssociations have been shown, but details remain undiscovered.
oth galectins and annexins localise to vesicles, but there are key
uestions remaining: whether these proteins are specifically pack-
ged into vesicles, and how they are released from EVs. These
uestions are relevant to any unconventionally secreted protein
roposed to use EVs for secretion. The question of release remains
ontentious as it is unknown whether EVs release their contents.

The regulation of galectin and annexin secretion seems to have
ew shared aspects, although many studies have used drugs to
nvestigate regulation, so it is hard to know what comes from spe-
ific action of the protein intended to be targeted and what comes
rom off-target drug effects. A comparison of the known regulators
s shown in Table 1. One common theme in regulation is calcium
ons. For both proteins, an influx of Ca2+ is associated with an
ncrease in secretion. This may  implicate an EV pathway, as both

icrovesicles and exosomes are released in response to an increase
n intracellular calcium ions [111,112]. Additionally, both galectin
nd annexin secretion is upregulated by cell stress, and stress-
nduced caspase-1 is proposed to regulate both proteins’ secretion.
owever, stress cannot be the only regulator of secretion as both
roteins are secreted at a basal level.

For both proteins, there is evidence implicating more than one
athway. A possible explanation for this is that different pathways
ould either be utilised by different members of each family, or used
n different situations by the same protein. There is a precedent for
he latter in the case of IL-1�. Upon inflammation, IL-1� is secreted
y a type I pathway through plasma membrane pores, whereas
nder starvation it uses secretory lysosomes in a type III pathway
113–115]. It is therefore possible, for example, that annexins are
ransported across the plasma membrane at steady state and use
Vs in stress conditions such as stimulation by interferon-�.

Overall, although the extracellular localisation of annexins and
alectins has been well-established, many questions surrounding
he unconventional secretion of galectins and annexins still need
o be resolved. There is evidence for both galectins and annexins
eing secreted via direct translocation and using a vesicle-based
athway, but it is unclear how these separate pathways relate to
ach other. Studies into the regulation of secretion often rely on
rugs which may  have multiple effects, so few conclusions on the
echanism for regulation can be confidently drawn. This review

ighlights that there is a clear need for more work to investigate
he mechanism and regulation of galectin and annexin secretion.

unding Statement

This work was supported by Wellcome Trust Strate-
ic Award [100574/Z/12/Z], MRC  Metabolic Diseases Unit
MRC MC  UU 12012/5], BBSRC Future Leader Fellowship and
he Isaac Newton Trust/Wellcome Trust ISSF/University of Cam-
ridge joint research grant for SES and KM,  Wellcome Trust PhD
tudentship to SJP.

eferences

[1] P.A. Halban, J.C. Irminger, Sorting and processing of secretory proteins,
Biochem. J. 299 (1994) 1–18.

[2] J.S. Bonifacino, B.S. Glick, The mechanisms of vesicle budding and fusion,
Cell  116 (2004) 153–166.

[3] C.J. Guerriero, J.L. Brodsky, The delicate balance between secreted protein
folding and endoplasmic reticulum-associated degradation in human
physiology, Physiol. Rev. 92 (2012) 537–576.
[4] A.M. Benham, Protein secretion and the endoplasmic reticulum, Cold Spring
Harb. Perspect. Biol. 4 (2012) a012872.

[5] I. Prudovsky, F. Tarantini, M.  Landriscina, D. Neivandt, R. Soldi, A. Kirov, D.
Small, K.M. Kathir, D. Rajalingam, T.K.S. Kumar, Secretion without golgi, J.
Cell. Biochem. 103 (2008) 1327–1343.
pmental Biology 83 (2018) 42–50

[6] W.  Nickel, Pathways of unconventional protein secretion, Curr. Opin.
Biotechnol. 21 (2010) 621–626.

[7] C. Rabouille, Pathways of unconventional protein secretion, Trends Cell Biol.
(2016) 1–11, xx.

[8] C. Rabouille, V. Malhotra, W.  Nickel, Diversity in unconventional protein
secretion, J. Cell Sci. 125 (2012) 5251–5255.

[9] G. Raposo, W.  Stoorvogel, Extracellular vesicles: exosomes, microvesicles,
and friends, J. Cell Biol. 200 (2013) 373–383.

[10] V. Gerke, S.E. Moss, Annexins: from structure to function, Physiol Rev 82
(2002) 331–371.

[11] U. Rescher, V. Gerke, Annexins - unique membrane binding proteins with
diverse functions, J. Cell Sci. 117 (2004) 2631–2639.

[12] V. Gerke, C.E. Creutz, S.E. Moss, Annexins: linking Ca2+ signalling to
membrane dynamics, Nat Rev Mol  Cell Biol 6 (2005) 449–461.

[13] R.-Y. Yang, G.A. Rabinovich, F.-T. Liu, Galectins: structure, function and
therapeutic potential, Expert Rev. Mol. Med. 10 (2008) e17.

[14] J.L. Wang, R.M. Gray, K.C. Haudek, R.J. Patterson, Nucleocytoplasmic lectins,
Biochim. Biophys. Acta - Gen. Subj. 1673 (2004) 75–93.

[15] M.J. Hayes, S.E. Moss, Annexins and disease, Biochem. Biophys. Res.
Commun. 322 (2004) 1166–1170.

[16] K.A. Hajjar, L. Mauri, A.T. Jacovina, F. Zhong, U.A. Mirza, J.C. Padovan, B.T.
Chait, Tissue plasminogen activator binding to the annexin II tail domain.
direct modulation by homocysteine, J. Biol. Chem. 273 (1998) 9987–9993.

[17] K. Ma,  R. Simantov, J.C. Zhang, R. Silverstein, K.A. Hajjar, K.R. McCrae, High
affinity binding of beta 2-glycoprotein I to human endothelial cells is
mediated by annexin II, J. Biol. Chem. 275 (2000) 15541–15548.

[18] G.R. Vasta, Roles of galectins in infection, Nat. Rev. Microbiol. 7 (2009)
424–438.

[19] H.Z. Amin, L.Z. Amin, I.P. Wijaya, Galectin-3: a novel biomarker for the
prognosis of heart failure, Clujul. Med. 90 (2017) 129.

[20] A. Chen, W.  Hou, Y. Zhang, Y. Chen, B. He, Prognostic value of serum
galectin-3 in patients with heart failure: a meta-analysis, Int. J. Cardiol. 182
(2015) 168–170.

[21] M.A. Lizarbe, J.I. Barrasa, N. Olmo, F. Gavilanes, J. Turnay,
Annexin-phospholipid interactions. functional implications, Int. J. Mol. Sci.
14 (2013) 2652–2683.

[22] J. Mai, R.L. Finley Jr., D.M. Waisman, B.F. Sloane, Human procathepsin B
interacts with the annexin II tetramer on the surface of tumor cells, J. Biol.
Chem. 275 (2000) 12806–12812.

[23] D.T. Baran, J.M. Quail, R. Ray, T. Honeyman, Binding of
1alpha,25-dihydroxyvitamin D(3) to annexin II: effect of vitamin D
metabolites and calcium, J. Cell Biochem. 80 (2000) 259–265.

[24] A. Kuehnl, A. Musiol, C.A. Raabe, U. Rescher, Emerging functions as host cell
factors - an encyclopedia of annexin-pathogen interactions, Biol. Chem. 397
(2016) 949–959.

[25] J. Masuda, E. Takayama, A. Satoh, M.  Ida, T. Shinohara, K. Kojima-Aikawa, F.
Ohsuzu, K. Nakanishi, K. Kuroda, M.  Murakami, K. Suzuki, I. Matsumoto,
Levels of annexin IV and V levels in the plasma of pregnant and postpartum
women, Thromb. Haemost. 91 (2004) 1129–1136.

[26] A. Satoh, K. Suzuki, E. Takayama, K. Kojima, T. Hidaka, M.  Kawakami, I.
Matsumoto, F. Ohsuzu, Detection of anti-annexin IV and V antibodies in
patients with antiphospholipid syndrome and systemic lupus
erythematosus, J. Rheumatol. 26 (1999) 1715–1720.

[27] H. Luecke, B.T. Chang, W.S. Mailliard, D.D. Schlaepfer, H.T. Haigler, Crystal
structure of the annexin XII hexamer and implications for bilayer insertion,
Nature 378 (1995) 512–515.

[28] J.M. Isas, J.P. Cartailler, Y. Sokolov, D.R. Patel, R. Langen, H. Luecke, J.E. Hall,
H.T. Haigler, Annexins V and XII insert into bilayers at mildly acidic pH and
form ion channels, Biochemistry 39 (2000) 3015–3022.

[29] M.  Golczak, A. Kicinska, J. Bandorowicz-Pikula, R. Buchet, A. Szewczyk, S.
Pikula, Acidic pH-induced folding of annexin VI is a prerequisite for its
insertion into lipid bilayers and formation of ion channels by the protein
molecules, FASEB J. 15 (2001) 1083–1085.

[30] D. Hoekstra, R. Buist-Arkema, K. Klappe, C.P. Reutelingsperger, Interaction of
annexins with membranes: the N-terminus as a governing parameter as
revealed with a chimeric annexin, Biochemistry 32 (1993) 14194–14202.

[31] O. Zschornig, F. Opitz, M.  Muller, Annexin A4 binding to anionic
phospholipid vesicles modulated by pH and calcium, Eur. Biophys. J. 36
(2007) 415–424.

[32] Stewart, S. E., Ashkenazi, A., Williamson, A. & Rubinsztein, D. C. Phospholipid
flipping facilitates annexin translocation across membranes. Unpublished.
bioRxiv (2018). doi: doi.org/10.1101/241976.

[33] J.P. Steringer, S. Bleicken, H. Andreas, S. Zacherl, M.  Laussmann, K.
Temmerman, F.X. Contreras, T.A.M. Bharat, J. Lechner, H.M. Müller, J.A.G.
Briggs, A.J. García-Sáez, W.  Nickel, Phosphatidylinositol 4,5-bisphosphate
(PI(4,5)P 2)-dependent oligomerization of fibroblast growth factor 2 (FGF2)
triggers the formation of a lipidic membrane pore implicated in
unconventional secretion, J. Biol. Chem. 287 (2012) 27659–27669.

[34] K. Kuchler, J. Thorner, Secretion of peptides and proteins lacking
hydrophobic signal sequences: the role of adenosine triphosphate-driven
membrane translocators, Endocr. Rev. 13 (1992) 499–514.
[35] L.P. Chapman, M.J. Epton, J.C. Buckingham, J.F. Morris, H.C. Christian,
Evidence for a role of the adenosine 5′-triphosphate-binding cassette
transporter A1 in the externalization of annexin I from pituitary
folliculo-stellate cells, Endocrinology 144 (2003) 1062–1073.

http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0090
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30582-7/sbref0175


Develo
S.J. Popa et al. / Seminars in Cell & 

[36] S. Wein, M. Fauroux, J. Laffitte, P. De Nadaï, C. Guaïni, F. Pons, C. Coméra,
Mediation of annexin 1 secretion by a probenecid-sensitive ABC-transporter
in rat inflamed mucosa, Biochem. Pharmacol. 67 (2004) 1195–1202.

[37] N. Vergnolle, C. Comera, L. Bueno, Annexin 1 is overexpressed and
specifically secreted during experimentally induced colitis in rats, Eur. J.
Biochem. 232 (1995) 603–610.

[38] R.J. Simpson, H. Kalra, S. Mathivanan, ExoCarta as a resource for exosomal
research, J. Extracell Vesicles 1 (2012).

[39] C.E. Futter, I.J. White, Annexins and endocytosis, Traffic 8 (2007) 951–958.
[40] I.J. White, L.M. Bailey, M.R. Aghakhani, S.E. Moss, C.E. Futter, EGF stimulates

annexin 1-dependent inward vesiculation in a multivesicular endosome
subpopulation, EMBO J. 25 (2006) 1–12.

[41] N. Mayran, R.G. Parton, J. Gruenberg, Annexin II regulates multivesicular
endosome biogenesis in the degradation pathway of animal cells, EMBO J.
22  (2003) 3242–3253.

[42] S. Stewart, F. Gessler, S. Pluchino, K. Moreau, Inside-out: unpredicted
annexin A2 localisation on the surface of extracellular vesicles, Matters 1
(2016), e201602000015.

[43] S. Maji, P. Chaudhary, I. Akopova, P.M. Nguyen, R.J. Hare, I. Gryczynski, J.K.
Vishwanatha, Exosomal Annexin II promotes angiogenesis and breast
cancer metastasis, Mol. Cancer Res. 15 (2017) 93–105.
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