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a  b  s  t  r  a  c  t

Galectin-3,  an  endogenous  glycan-binding  protein,  is  abundantly  expressed  at  sites  of  inflammation  and
immune  cell  activation.  Although  this  lectin  has been  implicated  in the  control  of T  helper  (Th)  polar-
ization,  the  mechanisms  underlying  this  effect  are  not  well  understood.  Here,  we investigated  the  role
of  endogenous  galectin-3  during  the  course  of  experimental  Leishmania  major  infection  using  galectin-
3-deficient  (Lgals3−/−) mice  in a BALB/c  background  and  the involvement  of  Notch  signaling  pathway
in  this  process.  Lgals3−/− mice  displayed  an  augmented,  although  mixed  Th1/Th2  responses  compared
with  wild-type  (WT)  mice.  Concomitantly,  lymph  node  and footpad  lesion  cells  from  infected  Lgals3−/−

mice  showed  enhanced  levels  of  Notch  signaling  components  (Notch-1,  Jagged1,  Jagged2  and  Notch  target
gene Hes-1).  Bone  marrow-derived  dendritic  cells  (BMDCs)  from  uninfected  Lgals3−/− mice  also  displayed
increased  expression  of the Notch  ligands  Delta-like-4  and  Jagged1  and  pro-inflammatory  cytokines.  In
addition, activation  of Notch  signaling  in BMDCs  upon  stimulation  with  Jagged1  was  more  pronounced

−/−
in  Lgals3 BMDCs  compared  to WT  BMDCs;  this  condition  resulted  in  increased  production  of  IL-6  by
Lgals3−/− BMDCs.  Finally,  addition  of exogenous  galectin-3  to  Lgals3−/− BMDCs  partially  reverted  the
increased  sensitivity  to Jagged1  stimulation.  Our  results  suggest  that  endogenous  galectin-3  regulates
Notch  signaling  activation  in  BMDCs  and  influences  polarization  of T helper  responses,  thus  increasing
susceptibility  to  L.  major  infection.

©  2016  Elsevier  Ltd.  All  rights  reserved.
Abbreviations: Th, T helper; WT,  wild-type; Lgals3−/− , galectin-3-deficient mice;
MDC, bone marrow-derived dendritic cell; DCs, dendritic cells; NICD, Notch

ntracellular domain; APC, antigen presenting cell; Treg, T regulatory cell; qPCR,
uantitative polymerase chain reaction; ELISA, enzyme-linked immunosorbent
ssay; PBS, phosphate buffered saline; LPS, lipopolysaccharide; DLL4, Delta-like-4;
AG1/JAG2, Jagged1/Jagged2.
∗ Corresponding author at: Avenida Lineu Prestes, 2242, Cidade Universitária,
utantã, São Paulo- SP, Zip code 05508-000, Brazil.

E-mail address: ebernardes@ipen.br (E.S. Bernardes).
1 These authors contributed equally to this work.
2 Co-senior authors.
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161-5890/© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Protein-glycan interactions have recently attracted the atten-
tion of immunologists as novel regulators of immune cell homeo-
stasis and host–pathogen interactions (Kooyk and Rabinovich,
2008). Galectin-3 is a member of a family of endogenous lectins
that bind �-galactoside-containing glycoconjugates and share
structural homology in their carbohydrate recognition domains

(CRDs) (Rabinovich and Toscano, 2009; Sato et al., 2009; Norling
et al., 2009; Dumic et al., 2006). Besides its C-terminal CRD,
galectin-3 presents an N-terminal domain, which enables its self-
oligomerization leading to the formation of multimeric galectin-3

dx.doi.org/10.1016/j.molimm.2016.06.005
http://www.sciencedirect.com/science/journal/01615890
http://www.elsevier.com/locate/molimm
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molimm.2016.06.005&domain=pdf
mailto:ebernardes@ipen.br
dx.doi.org/10.1016/j.molimm.2016.06.005
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olecules (Hsu and Liu, 2004; Sato et al., 2009). Interestingly,
alectin-3 is an ubiquitously expressed lectin, occurring in both
ntracellular and extracellular compartments, despite the lack of

 signal peptide required for classical secretion (Hughes, 1997).
his lectin is produced by stromal and immune cells, and is
idely expressed at sites of tissue inflammation (Chen et al.,

005; Acosta-Rodríguez et al., 2004; Sundblad et al., 2011), where
t plays essential roles in host responses to pathogens by mod-
lating glycan-mediated pathogen recognition and subsequent
evelopment of innate and adaptive immune responses. In fact,
alectin-3 can modulate immune cell activation and differentiation
nd control acute and chronic inflammatory responses (Esteban
t al., 2011; Argüeso et al., 2009; Ferraz et al., 2008; Kohatsu
t al., 2006; Silva-Monteiro et al., 2007; Bernardes et al., 2006;
ieminen et al., 2008; Farnworth et al., 2008; Breuilh et al.,
007; Jiang et al., 2009; Demetriou et al., 2001; Chen et al.,
009).

In previous studies, we used different experimental infection
odels in galectin-3-deficient (Lgals3−/−) mice to investigate the

mmunoregulatory properties of galectin-3. We  have demonstrated
hat galectin-3 suppresses the production of IL-12 by dendritic
ells (DCs), limits the secretion of IL-6 and IL-1� by macrophages
nd negatively regulates the number and function of regula-
ory T cells (Tregs) (Bernardes et al., 2006; Ferraz et al., 2008;
ermino et al., 2013). Additionally, galectin-3 interferes with mice
usceptibility to Paracoccidioides brasiliensis infection by increas-
ng the inflammatory responses and favoring development of
h2-polarized immune responses (Ruas et al., 2009). However,
n spite of considerable progress in elucidating galectin-3 func-
ions, the mechanisms underlying the immune regulatory roles of
his lectin during T helper cell differentiation still remain to be
lucidated.

Notch signaling pathway is highly conserved from Drosophila
o mammals and was originally identified in differentiation and
evelopmental processes (Bray, 2006). In mammals, the signal-

ng is triggered when one of the five ligands (Delta-1, -3, -4 and
agged1 and 2) binds to one of the four Notch receptors (Notch-
-4) present in a neighboring cell, thus inducing Notch receptor
roteolysis and release of the Notch intracellular domain (NICD).
ext, NICD translocates to the nucleus where it initiates a signal-

ng cascade culminating in the transcriptional regulation of Notch
arget genes (Hes and Hey family) (Ito et al., 2012). In the past
ears, Notch signaling has also emerged as a critical component of
mmune system regulation (Shang et al., 2016; Ito et al., 2012), con-
rolling multiple steps of T and B cell development in both central
nd peripheral lymphoid organs (Shang et al., 2016). The expres-
ion of Jagged or Delta-like ligands in antigen presenting cells
APCs) has been shown to regulate the differentiation of naïve T
elper cells into Th1 or Th2 effector subsets. While APCs expressing
elta-like ligands induced Th1 differentiation, expression of Jagged

igands was associated with Th2-skewed responses (Radtke et al.,
013).

Recently, interactions of galectin-3 with the Notch-1 receptor
nd Notch signaling activation was shown to inhibit osteoblast dif-
erentiation (Nakajima et al., 2014). Moreover, our group has shown
hat Tregs isolated from Lgals3−/− mice exhibit altered expression
f Notch signaling components during L. major infection (Fermino
t al., 2013). In the present study, we show that DCs from Lgals3−/−

ice display an altered expression of Notch ligands and recep-
ors which contribute to augment Th2 responses in the BALB/c

odel of L. major infection. Our results suggest that a cross-talk
etween galectin-3 and the Jagged1/Notch signaling pathways may

ontribute, at least in part, to the control of T helper polarization
rograms.
munology 76 (2016) 22–34 23

2. Material and methods

2.1. Mice

Galectin-3-deficient (Lgals3−/−) mice were generated and back-
crossed to BALB/c background for nine generations as previously
described (Hsu et al., 2000). Age-matched wild-type (WT) mice in
BALB/c background were used as control in all the experiments.
Mice were housed and cared under approved conditions at the
Animal Research Facilities of Faculdade de Medicina de Ribeirão
Preto-USP and the London School of Hygiene and Tropical Medicine
(London, UK). All of the animals used in the experiments were 6-
to 8-week-old males.

2.2. L. major infection

Experiments were performed with L. major strain LV 39. The
strain was maintained in vivo in BALB/c mice to keep its infectivity.
For experimental infection, parasites were obtained from lymph
nodes of infected mice and grown in vitro as described (Launois
et al., 1997; Zimmermann et al., 1998). Promastigote forms were
washed twice in PBS before infection. Mice were infected subcuta-
neously in one hind footpad with 1 × 107 stationary phase L. major
promastigotes in a final volume of 50 �L. Lesion development was
monitored weekly with a vernier caliper and lesion size expressed
as the difference in thickness between the infected footpad and the
non-infected contralateral footpad.

2.3. Real time quantitative PCR analysis

For quantification of mRNA relative expression we utilized the
2−��CT method (Livak and Schmittgen, 2001). Total RNA was iso-
lated using TRIzol reagent (Invitrogen Life Technologies, Carlsbad,
CA, USA), following the manufacturer’s instructions. cDNA synthe-
sis was  performed in a final volume of 20 �L, using ImProm-II
Reverse Transcriptase (Promega Corporation, Madison, WI,  USA).
The reaction mixture contained 4 �g of total RNA, 20 pmol of
oligodT primer (Invitrogen Life Technologies, Carlsbad, CA, USA),
40 U of RNAsin, 1 mM of dNTP mix, and 1 U of reverse transcrip-
tase buffer. It was then immediately used or stored at −20 ◦C.
PCR amplification and analysis were achieved using an ABI Prism
7500 sequence detector (Applied Biosystems, Foster City, CA, USA).
All reactions were performed with SYBR Green PCR Master Mix
(Applied Biosystems) using a 10 �L final volume in each reac-
tion, which contained 1 �L of template cDNA, 2.5 pmol of each
primer and 5 �L of SYBR Green. The cycles were processed accord-
ing to the manufacturer’s instructions. Each sample was  tested in
duplicate and all quantifications were normalized using �-actin as
endogenous control. The primers used for all PCR amplification are
described in Table 1.

2.4. In vitro restimulation

For in vitro restimulation after infection with L. major, total
lymph node cells (5 × 106) were collected 14 days post-infection
and stimulated with 20 �g/mL of L. major antigen for 72 h
at 37 ◦C/5% CO2/95% humidity in RPMI-1640 medium supple-
mented with 10% heat-inactivated FCS, 0.1% 2-ME (Sigma-Aldrich),

100 U/mL penicillin, 100 �g/mL streptomycin, 2 mM l-glutamine,
and 5 mM HEPES in a final volume of 1 mL.  Culture supernatants
were collected after 72 h of stimulation and stored at −20 ◦C for
cytokine measurement.
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Table 1
Primer sequences for Real Time PCR.

Gene Sequence of primer pair (5′-3′) Accession number

�-actin Forward: AGCTGCGTTTTACACCCTTT
Reverse: AAGCCATGCCAATGTTGTCT

NM 007393.3

DLL4 Forward: CAGTTGCCCTTCAATTTCACC
Reverse: TTTCCTGGCGAAGTCTCTGG

NM 019454.3

IFN-�  Forward: TGCCATCGGCTGACCTAGAG
Reverse: TCTCAGAGCTAGGCCGCAG

NM 008337.3

GATA-3 Forward: AAGAAAGGCATGAAGGACGC
Reverse: GTGTGCCCATTTGGACATCA

NM 008091.3

Hes-1 Forward: CTCTGGGGACTGAGAAGAAAAA
Reverse: GCATCCAAAATCAGTGTTTTCA

NM 008235.2

Hey-1 Forward: CACGCCACTATGCTCAATGT
Reverse: TCTCCCTTCACCTCACTGCT

NM 010423.2

IL-1�  Forward: AAATACCTGTGGCCTTGGGC
Reverse: CTTGGGATCCACACTCTCCAG

NM 008361.3

IL-4  Forward: GTCTCTCGTCACTGACGGCA
Reverse: CGTGGATATGGCTCCTGGTAC

NM 021283.2

IL-6  Forward: TCAATTCCAGAAACCGCTATGA
Reverse: GAAGTAGGGAAGGCCGTGGT

NM 031168.1

IL-10  Forward: TGACTGGCATGAGGATCAGC
Reverse: AGTCCGCAGCTCTAGGAGCA

NM 010548.2

IL-12p40 Forward: AACCATCTCCTGGTTTGCCA
Reverse: CGGGAGTCCAGTCCACCTC

NM 001303244.1

Jagged1 Forward: CCAGAACCCTTGTCACTACGG
Reverse: CACGGGAATGGCAAGTCTTT

NM 013822.5

Jagged2 Forward: TATACCTGCGACCAGTACGGC
Reverse: CCGTGGAGCAAATTACATCCTT

NM 010588.2

Notch-1 Forward: CTTGGCTGCCCGATACTCTC NM 008714.3
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Reverse: CATGTAACGGAGTACGGCCC
T-bet  Forward: CACTAAGCAAGGACGGCGAA

Reverse: CCACCAAGACCACATCCACA

.5. Cytokines detection

IL-12p40, IL-10 and IFN-� were quantified by ELISA with a com-
ercially available kit, according to the manufacturer’s instructions

OptEIA set; PharMingen). The sensitivity limits of the assays were
5 pg/mL for IL-12p40 and 30 pg/mL for IFN-� and IL-10.

.6. Generation of BMDCs

BMDCs were prepared by a modification (Jiang et al., 2003) of the
rocedure described by Inaba et al. (Inaba et al., 1992). A single-cell
uspension of bone marrow cells from femurs and tibias of normal

T and Lgals3−/− mice (BALB/c background) were seeded into 24-
ell plates (1 × 106 cells/well) and cultured for 9 days at 37 ◦C/5%
O2 in RPMI-1640 complete medium supplemented with 20 ng/mL
M-CSF (R&D Systems, Minneapolis, MN,  USA). On Day 9, BM cell
ultures were stimulated with 1 �g/mL LPS (Sigma-Aldrich) to gen-
rate mature BMDCs. The percentage of differentiated cells was
onfirmed to be higher than 80% by flow cytometry.

.7. Stimulation of BMDCs with immobilized Jagged1 and
elta-like-4

To activate Notch signaling, 96-well plates (for cytokine anal-
sis) and 6-well plates (for protein and RNA analysis) were
reviously coated with 0.25, 0.5, 1 or 2 �g/mL of rhJagged1 or
hDelta-like 4 (R&D system) diluted in PBS, and incubated overnight
t 4 ◦C. After 24 h, plates were washed twice with PBS. After this
tep, BMDCs suspension from Lgals3−/− and WT  mice were seeded
n Jagged1- or Delta-like-4-coated plates for an additional 24 h.
hen indicated, BMDCs were pre-incubated with human recom-

inant galectin-3 (30 �g/mL) for 15 min  before being added to

agged1- or Delta-like-4-coated wells. The supernatants were then
emoved and cells were collected for subsequent RNA or protein
xtraction. Human recombinant galectin-3 was prepared based on
rocedures previously described (Stowell et al., 2008).
NM 019507.2

2.8. Flow cytometry

BMDCs from Lgals3−/− and WT mice were stimulated or not
with 1 �g/mL of LPS for 24 h. Cells were incubated for 30 min  with
CD16/CD32 mAb  (Fc blocking, clone 2.4G2, BD Bioscience, MD,
USA), followed by surface staining with PE-conjugated anti-mouse
CD11c mAb  (eBioscience, CA, USA). For intracellular staining, cells
were permeabilized using the Fix & Perm Buffer kit (eBioscience),
according to the manufacturer’s protocol, and stained with goat
anti-Jagged1 or anti-Delta-like-4 (Santa Cruz Biotechnology) fol-
lowed by staining with specific Alexa 488-labeled secondary Ab
(BD Bioscience). Cells were analyzed on a FACScan flow cytometer
(BD Biosciences, MD,  USA). Lymph node cells isolated from L. major-
infected Lgals3−/− and WT mice were stained (intracellular) with a
PE-labeled rabbit-anti-Notch-1 Ab (Santa Cruz Biotechnology).

2.9. Western blotting

Cells were lysed in RIPA buffer and 50 �g of proteins were
separated by NovexNuPAGE SDS-PAGE gel system (Invitrogen)
and then transferred overnight to a PVDF membrane (Invitrogen).
The membrane was incubated with anti-cleaved Val1744 (NICD1)
(1:500) and anti-galectin-3 (M3/38) Ab. Anti-�-actin-peroxidase
Ab (1:20,000) was used as a loading control. Horseradish per-
oxidase (HRP)-conjugated secondary Ab were detected using the
enhanced chemiluminescence (ECL) reagent (GE Healthcare).

3. Results

3.1. Lgals3−/− mice on BALB/c background display mixed and
exacerbated T cell responses during L. major infection
Genetic background influences the outcome of Leishmania major
infection. Susceptibility of BALB/c mice to L. major infection is asso-
ciated with the development of a L. major-specific Th2 response,
while C57BL/6 mice resistance is due to their ability to mount a L.
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Fig. 1. Th1/Th2 bias during early and chronic L. major infection in Lgals3−/− BALB/c mice. (A–D) Relative quantification of GATA-3 and T-bet mRNA levels and cytokines in
lymph  nodes from L. major-infected WT and Lgals3−/− mice at 14 and 35 days post-infection. Total RNA from lymph node cells (5 mice/group) was isolated and analyzed by
Real  Time PCR for expression of GATA-3 (A), IL-4 (B), T-bet (C) and IFN-� (D). (E–F) To quantify cytokine production, lymph node popliteal cells from 5 mice/group (14 days
p ntige
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ost-infection) were collected and re-stimulated in vitro with 20 �g/mL of L. major a
5  days post-infection, total RNA from footpad lesion was isolated and analyzed by
epresentative of three independent experiments. *p < 0.05;**p < 0.001.

ajor-specific Th1 response (Sacks and Noben-Trauth, 2002). Since
gals3−/− mice on a BALB/c background are more susceptible to L.
ajor infection (Fermino et al., 2013), we investigated whether the

h1/Th2 cytokine balance is altered in the absence of galectin-3.
gals3−/− and WT  BALB/c mice were inoculated with 1 × 107 meta-
yclic promastigotes into one hind footpad, and the development of
he lesion was monitored weekly. At 14 and 35 days post-infection,
opliteal lymph node cells were collected and analyzed for expres-
ion of cytokines and transcription factors by real-time PCR. At the
arly phase of infection (14 days), lymph node cells from Lgals3−/−

ice expressed higher mRNA levels of GATA-3 (Fig. 1A), a Th2-
pecific transcription factor, in comparison to WT  mice. However,
he mRNA levels of the hallmark Th2 cytokine, IL-4, were simi-
ar between WT  and Lgals3−/− cells in this period (Fig. 1B). At a
ater phase of infection (35 days) lymph node cells from L. major-
nfected Lgals3−/− displayed increased mRNA levels of GATA-3 and
L-4 (Fig. 1A and B), when compared to L. major-infected WT  mice.
n the other hand, mRNA levels of the transcription factor T-bet and

he Th1 cytokine IFN-�, both characteristic of a Th1 cytokine pro-
le, were both increased in the lymph nodes of Lgals3−/− mice at 14
nd 35 days post-infection, compared with WT  mice (Figs. 1C and
), suggesting a non-selective increase of Th1 and Th2 profiles in

he context of galectin-3 deficiency. Supporting these findings, we
ound that lymph nodes cells isolated from infected Lgals3−/− mice
ad increased levels of the Th1-type cytokines IFN-� and IL12p40 as
ompared with lymph node cells derived from WT  mice following
n vitro restimulation with L. major antigens (Fig. 1E and F). Similar
o the results obtained in lymph nodes at 35 days after infection,
he footpad lesions of Lgals3−/− mice displayed increased IL-4 and
FN-� mRNA levels when compared to the footpad lesions of WT
ice (Fig. 1G and H). Interestingly, the course of L. major infection
n Lgals3−/− mice on C57BL/6 background did not differ statistically
rom WT  mice with regards to footpad swelling, although Lgals3−/−
n. IFN-� (E) and IL-12p40 (F) concentrations were determined by ELISA. (G-H) After
ime PCR for expression of IL-4 (5 mice/group) (G) and IFN-� (H). These results are

mice developed a heightened Th1 polarized immune response and
displayed a lower parasite load in their footpad at 14 days post-
infection (Supplementary Fig. S1 in the online version at DOI:
10.1016/j.molimm.2016.06.005). Altogether, these results suggest
that galectin-3 deficiency favors non-selective up-regulation of Th1
and Th2 profiles in response to L. major infection.

3.2. L. major-infected Lgals3−/− mice display enhanced
expression of Notch signaling components

Previous studies showed that the Notch signaling pathway plays
an important role in T-cell activation and Th1/Th2 polarization
(Amsen et al., 2009a,b). It is well documented that individual Notch
receptors may induce Th2 polarization by directly regulating GATA-
3 expression and influencing IL-4 secretion (Amsen et al., 2009a,b,
2007; Fang et al., 2007). Therefore, we next investigated whether
Notch signaling deregulation could be responsible for the mixed
Th1/Th2 response observed in L. major-infected Lgals3−/−mice. As
shown in Fig. 2, L. major-infected Lgals3−/− mice expressed higher
Notch-1 receptor mRNA levels both in lymph nodes (Fig. 2A) and
footpad lesion (Fig. 2B) at 35 days post-infection. We  also detected
heightened expression of Notch-1 cell surface protein on purified
CD4+ T cells from L. major-infected Lgals3−/− mice (Fig. 2C), and
increased mRNA levels of the Notch-target gene Hes-1 in lymph
node cells (Fig. 2D). These results suggest that galectin-3 deficiency
results in an increased Notch signaling activity. At later stages of the
L. major infection, we  found that lymph node cells from Lgals3−/−

mice have higher Jagged1 and Jagged2 mRNA expression than cells
from WT  mice (Fig. 2E and F). No differences were observed in

Delta-like-4 mRNA levels (Fig. 2G). When analyzing footpad lesions
we found that L. major-infected Lgals3−/− mice expressed signifi-
cant higher mRNA levels of Jagged1 and Delta-like-4 (Fig. 2H and
I, respectively) in comparison with WT  mice. These results show

http://10.1016/j.molimm.2016.06.005
http://10.1016/j.molimm.2016.06.005
http://10.1016/j.molimm.2016.06.005
http://10.1016/j.molimm.2016.06.005
http://10.1016/j.molimm.2016.06.005
http://10.1016/j.molimm.2016.06.005
http://10.1016/j.molimm.2016.06.005
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Fig. 2. Enhanced expression of Notch signaling components in L. major-infected Lgals3−/− mice. After 35 days post-infection, total RNA from lymph node cells or footpad
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G  and I) expression (5 mice/group). Alternatively, CD4+ T cells were purified from
nti-Notch-1 mAb  and analyzed by flow citometry (C). Data are representative of 3

hat Notch-1 receptor and its ligands Jagged1 and Delta-like-4 are
p-regulated during L. major infection in Lgals3−/− mice, suggesting
hat an activated Notch signaling pathway accompanies and could
e responsible for the mixed Th1/Th2 phenotype observed during
. major infection.

.3. Dendritic cells from Lgals3−/− mice display increased
xpression of Notch ligands Delta-like-4  and Jagged1

In mice, several Th1-promoting stimuli have been shown to
nduce Delta-like 4 expression in DCs, whereas Th2-promoting
timuli induce Jagged1 expression on these cells (Amsen et al.,
009a,b). Since the expression of Notch ligands by DCs plays a key
ole in the generation of Th1 and Th2 responses and we found a
igher expression of Jagged1 in CD11c+ cells purified from lymph
ode cells of Lgals3−/− mice 35 days post-infection with L. major
Supplementary Fig. S2 in the online version at DOI: 10.1016/j.

olimm.2016.06.005), we examined the expression of Jagged1 and
elta-like-4 in resting and LPS-stimulated BMDCs from Lgals3−/−

nd WT  mice. LPS-treated WT BMDCs presented increased Delta-
ike-4 mRNA levels in comparison to control (Fig. 3A), whereas no
ifference was found in Jagged1 mRNA levels (Fig. 3B). However,
hen analyzing Lgals3−/− BMDCs we found that LPS stimulation

trongly up-regulated both Jagged1 and Delta-like-4 mRNA expres-
ion (Fig. 3A and B). Interestingly, the expression levels of Jagged1
nd Delta-like-4 in LPS-treated Lgals3−/− BMDCs were higher than
n LPS-treated WT  BMDCs (Fig. 3A and B), supporting a non-
elective activation of Th1 and Th2 responses in Lgals3−/−-infected
ice. We  further analyzed the cell surface expression of Jagged1

nd Delta-like-4 ligands by flow cytometry in Lgals3−/− and WT
MDCs after LPS treatment and, in the presence or absence of
xogenously added galectin-3. Similar to our qPCR results, we
ound that LPS-treated Lgals3−/− BMDCs presented a higher cell
urface expression of Jagged1 and Delta-like-4 as compared to WT

ells (Fig. 3C and D). Interestingly, incubation with recombinant
alectin-3 before LPS stimulation, prevented enhanced expression
f Jagged1 and Delta-like-4 observed in Lgals3−/− DCs (Fig. 3C and
), suggesting that exogenous galectin-3 counteracts the effects of
al time PCR for Notch-1 (A and B), Hes-1 (D), JAG1 (E and H), JAG2 (F) and DLL4
d lymph nodes of both genotypes (5 mice/group), labeled intracellularly with and
endent experiments *p < 0.01, **p < 0.01.

galectin-3 deficiency. Moreover, in WT  BMDCs, LPS induced an up-
regulation of Delta-like-4 and galectin-3 pretreatment was able to
prevent this effect (Fig. 3D). Since the expression pattern of Notch
ligands correlates with Th1/Th2 cell polarization, our data suggest
that the unbalanced expression of Notch ligands Jagged1 and Delta-
like-4 found in Lgals3−/− DCs may  contribute at least in part to the
lack of clear polarization profiles during L. major infection.

3.4. BMDCs from Lgals3−/− mice show increased Notch signaling
activation and enhanced cytokine production

Since differences in the expression levels of Jagged1 and Delta-
like-4 ligands may  influence the ability of DCs to induce polarized
Th1/Th2 responses, we sought to investigate the status of Notch sig-
naling activation in bone marrow DCs (BMDCs) from Lgals3−/− and
WT mice and whether it could affect the production of cytokines
by these cells. We  then evaluated the mRNA expression levels of
the Notch-target gene Hes-1 in Lgals3−/− and WT BMDCs stimu-
lated with or without LPS. We found that basal Hes-1 expression
was higher in WT  BMDC compared to Lgals3−/− BMDC (Figs. 4 A,
5 A ). However, treatment with LPS up regulated Hes-1 expression
to a greater extent in Lgals3−/− BMDCs than in WT DCs (Fig. 4A). In
addition, we  evaluated the mRNA expression of several cytokines
including IL-12p40, IL-6, IL-1ß and IL-10 and the secretion of IL-
12p40 and IL-10, in Lgals3−/− or WT  BMDCs. We  found that LPS
up regulated IL-12p40, IL-6, IL-1ß and IL-10 mRNA levels both in
Lgals3−/− and WT  BMDCs and, similar to the Notch target gene Hes-
1, mRNA expression levels of all studied cytokines were higher
in Lgals3−/− BMDCs as compared to WT  BMDCs (Fig. 4B–E). Like-
wise, we found that LPS increased the secretion of IL-12p40 and
IL-10 in BMDCs in comparison to resting cells. Once again, Lgals3−/−

BMDCs produced higher amounts of IL-12 and IL-10 than their WT

counterpart (Fig. 4F and G). These findings suggest that galectin-3
deficiency leads to increased activation of the Notch signaling path-
way, and enhanced production of both pro- and anti-inflammatory
cytokines.

http://10.1016/j.molimm.2016.06.005
http://10.1016/j.molimm.2016.06.005
http://10.1016/j.molimm.2016.06.005
http://10.1016/j.molimm.2016.06.005
http://10.1016/j.molimm.2016.06.005
http://10.1016/j.molimm.2016.06.005
http://10.1016/j.molimm.2016.06.005
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Fig. 3. Increased expression of Notch ligands Delta-like-4 and Jagged1 in BMDCs from Lgals3−/− mice. (A–D) Bone marrow-derived DCs were obtained from uninfected
WT  and Lgals3−/− mice. The total bone marrow cells (pooled from 3 mice/group) were cultured with GM-CSF plus IL-4 and stimulated with LPS, in presence or absence of
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.5. BMDCs from Lgals3−/− mice are more sensitive to Jagged1
timulation

To verify the functional activity of Notch receptors in BMDCs, we
nitially evaluated the expression of Notch-responsive genes such
s Hes-1 and Hey-1 in Lgals3−/− or WT BMDCs cultured for 20 h on
elta-like-4 or Jagged1-coated culture plates. As seen in Fig. 5A,
T BMDCs in control conditions expressed higher mRNA levels

f Hes-1 than Lgals3−/− BMDCs. Delta-like-4 ligand induced an
ncrease of Hes-1 mRNA expression in WT  BMDCs, whereas no sig-
ificant change was observed in Lgals3−/− BMDCs when compared
o control conditions. In both situations (medium and Delta-like-

 stimulated), WT  BMDCs presented higher levels of Hes-1 mRNA
ompared to Lgals3−/− BMDCs. Surprisingly, in the presence of
agged1, Hes-1 was significantly up-regulated in Lgals3−/− BMDCs

hile no changes were observed in WT  BMDCs in comparison to
ontrol conditions. When analyzing Hey-1 expression we  found
hat no changes on its mRNA levels upon stimulation with Delta-
ike-4 or Jagged1 ligands in WT  BMDCs (Fig. 5B). On the contrary,
he expression of Hey-1 in Lgals3−/− BMDCs was down-regulated

pon stimulation with Delta-like-4 and significantly up-regulated
fter Jagged1 stimulus. On the other hand, after Jagged1 stimu-
us, Lgals3−/− BMDCs showed significant increased levels of Hey-1

RNA than WT  BMDCs. These results indicate that Lgals3−/− and
as  performed by Real Time PCR. (C–D) CD11c+ BMDCs from WT  and Lgals3−/− mice
centage of double positive cells (CD11c+DLL4+ or CD11c+JAG1+) is shown. Data are

WT  BMDCs exhibit a differential susceptibility to each Notch lig-
ands being Lgals3−/− cells highly sensitive to Jagged1-triggered
signals. We then cultured Lgals3−/− or WT  derived-BMDCs for 6 h
in the presence of immobilized Delta-like-4 or Jagged1 proteins
and measured the protein levels of Notch-1 intracellular domain
(NICD1) by Western blot. We  found that Delta-like-4 was more
prone to activate Notch signaling in WT  BMDCs than Jagged1 ligand
in WT  BMDCs (Fig. 5C and D). On the other hand, in Lgals3−/− BMDCs
we observed that both Delta-like-4 and Jagged1 were able to induce
Notch-1 cleavage at the same extent. Interestingly, upon Jagged1
stimulation, NICD1 levels were increased in Lgals3−/− BMDCs in
comparison to WT  BMDCs (Fig. 5C and D). These data indicate that
in the absence of galectin-3, stimulation by Jagged1/Notch signaling
activation is preferred relative to Delta-like-4/Notch.

3.6. Ligand-induced Notch signaling in Lgals3−/− BMDCS
upregulates Jagged1, Delta-like-4 and IL-6 mRNA levels

It has been previously reported that Notch signaling positively
regulates IL-6 expression in macrophages and Notch-1 interacts

with the IL-6 promoter in RAW264.7 cells activated by LPS/IFN-�
(Wongchana and Palaga, 2012). Therefore, we analyzed the mRNA
levels of the Notch target gene IL-6 in the presence of differ-
ent concentrations of the ligands Jagged1 and Delta-like-4. We
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Fig. 4. BMDCs from Lgals3−/− mice show increased Notch signaling activation and cytokine production. Bone marrow-derived dendritic cells were obtained from uninfected
WT  and Lgals3−/− mice as described in Material and Methods section and stimulated with 1 �g/mL E. coli LPS for 24 h. Cells were then collected and the total mRNA was
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ontrol. Data represent the average of 3 experiments performed in triplicates each.
lone  were harvested and the levels of IL-12p40 (F) and IL-10 (G) were measured b

bserved that Delta-like-4 (0.25, 0.5 and 2 �g/mL) stimulation
p-regulated IL-6 mRNA levels in both Lgals3−/− and WT  BMDCs

n comparison to the control medium, showing a ‘bell-shaped’
ose-response curve (Fig. 6A). However, Lgals3−/− BMDCs were
uch more sensitive to Delta-like-4 stimulation than WT  BMDCs

Fig. 6A). Interestingly, IL-6 mRNA levels were also up-regulated in
 concentration-dependent manner with 0.25, 0.5 and 2 �g/mL of
mmobilized Jagged1 in Lgals3−/− BMDCs as compared to control

edium (Fig. 6B). On the other hand, WT  BMDCs were only able
o up-regulate IL-6 with the highest concentration of immobilized
agged1 (2 �g/mL). Thus, galectin-3 deficiency lowers the threshold
f Notch signaling.

Since Delta-like-4/Notch signaling induces the expression of
elta-like 4 itself (Sainson et al., 2005), we also checked the mRNA

evels of Jagged1 and Delta-like-4 after ligands stimulation. We
bserved that in the presence of the immobilized Jagged1 the
RNA levels of Jagged1 (Fig. 6C) and Delta-like-4 (Fig. 6D) were
ncreased in Lgals3−/− BMDCs, although no significant changes were
ound in WT  BMDCs in comparison to control medium. However,
fter Delta-like-4 stimulation, we found increased levels of Jagged1
 (D) and IL-10 (E) were determined by Real time PCR, using �-actin as endogenous
atively, the supernatants of BMDCs stimulated with LPS or cultured with medium

A. nd = non-detectable levels. *p < 0.01, **p < 0.01, ***p < 0.001.

and Delta-like-4 mRNA in Lgals3−/− BMDCs. On the other hand,
a decrease in Jagged1 and no changes in Delta-like-4 mRNA lev-
els were observed in WT  BMDCs as compared to control medium
(Fig. 6C and D). With both Jagged1 and Delta-like-4, the levels of
Jagged1 and Delta-like-4 mRNA were always higher in Lgals3−/−

BMDCs than in WT  BMDCs. These results support our previous
observations indicating that in the absence of galectin-3, DCs are
more prone to be activated by Notch ligands than WT  DCs, being
particularly susceptible to Jagged1.

3.7. Galectin-3 controls Notch activation in BMDCs

Galectin-3 is secreted by macrophages (Sato and Hughes, 1994),
dendritic cells (Van Stijn et al., 2009) and is highly expressed in
footpad tissues at the infection sites of Leishmania major (Fermino
et al., 2013). Therefore, we aimed to study whether extracellular

galectin-3 found at the infection site could be able to modulate
Notch signaling activation and cytokine production in BMDCs. For
this purpose, Lgals3−/− and WT  BMDCs were treated with 30 �g
of recombinant| human galectin-3 in the presence of immobilized
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Fig. 5. BMDCs from Lgals3−/−
-mice are more sensitive to Jagged1 stimulation. BMDCs were generated from WT and Lgals3−/− cells and stimulated with immobilized JAG1

(1  �g/mL), DLL4 (1 �g/mL) or medium alone for 24 h. Following incubation with the corresponding stimuli, cells were collected and analyzed for Hes-1 (A) and Hey-1 (B)
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elative  mRNA expression, using the Real time PCR method. Data are representativ
ntracellular domain (NICD1) in JAG1 and DLL4-stimulated BMDCs (6 h of stimulu
hown. The relative density of NICD1 was determined by ImageJ software (D). *p < 0

elta-like-4 or Jagged1 ligands (0.5 �g/mL) and the mRNA lev-
ls of Hes-1, Hey-1,  IL-10 and IL-6 were evaluated. We  found that
he addition of exogenous galectin-3 was sufficient to significantly
ecrease Hes-1 mRNA levels in WT  cells. Moreover, in Delta-like-
-stimulated WT  BMDCs galectin-3 also reduced the expression
f Hes-1 mRNA levels (Fig. 7A). Also, the addition of exogenous
alectin-3 to Lgals3−/− BMDCs led to down-regulation of Hes-1
RNA levels induced by Jagged1 stimulation (Fig. 7A).
Regarding the Notch target gene Hey-1,  the addition of galectin-

 down-regulated Hey-1 in WT  BMDCs when compared to the
ontrols (Fig. 7B). We  also observed down-regulation of Hey-1
RNA expression in Lgals3−/− BMDCs stimulated with Jagged1 in

he presence of exogenous galectin-3 (Fig. 7B).
When IL-6 was analyzed, we found that WT  BMDCs stimu-

ated with galectin-3 showed increased mRNA expression of this
ro-inflammatory cytokine in comparison with control medium.
owever, WT  BMDCs did not show up-regulation of IL-6 mRNA

evels after stimulation with Notch ligands (Fig. 7C). Interestingly,
gals3−/− BMDCs up-regulated IL-6 mRNA expression following
reatments with galectin-3 and Notch ligands and administration

f galectin-3 and Notch ligands together had a synergistic effect
n IL-6 mRNA expression (Fig. 7C). Finally, we found that galectin-

 treatment induced down-regulation of IL-10 mRNA in Lgals3−/−

MDC stimulated with Delta-like-4 or Jagged1 ligands (Fig. 7D).
hree experiments performed in triplicates. (C) Alternatively, the levels of Notch-1
e assessed by Western blot and normalized against �-actin. Galectin-3 levels are
*p < 0.01, ***p < 0.001.

Addition of exogenous galectin-3 partially rescued dysregulated
expression of Notch target genes observed in Lgals3−/− BMDCs.
Overall our data suggest that galectin-3 released into inflammatory
sites during L. major infection might play a key role in modulating
Notch signaling and downstream events, leading to regulation of T
helper cell differentiation.

4. Discussion

More than 20 years ago, immunologists have found that
resistance and susceptibility to experimental infection with the
intracellular protozoan L. major was associated with the selec-
tive development of Th1 and Th2-dominated immune responses.
Since then, this infectious disease has been widely used as a proto-
typic model to identify key regulatory mediators, lineage-specific
transcription factors, and immunoregulatory cytokines (Mougneau
et al., 2011).

Here we demonstrated that in the BALB/c susceptible model of
L. major infection, Lgals3−/− mice display a dysregulated Th1/Th2

cytokine balance and exhibit increased expression of Notch-1 and
the ligands Jagged1, Jagged2 and Delta-like-4 ligands. We  also
showed that BMDCs from Lgals3−/− mice are more sensitive to
Jagged1 stimulation in terms of Notch signaling activation and
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Fig. 6. Up-regulation of Jagged1, Delta-like-4 and IL-6 mRNA levels in Lgals3−/− BMDCS induced by Notch ligands. (A–B) BMDCs from WT and Lgals3
−/− mice were seeded
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arvested and analyzed for IL-6 relative expression by Real time PCR. (C–D) BMDC
nd  the relative expression of JAG1 (C) and DLL4 (D) mRNAs was determined by Re

ytokine production, a condition that was prevented when exoge-
ous galectin-3 was added prior to stimulation.

Galectin-3 has been described as an important regulator of
mmune and inflammatory responses (Henderson and Sethi, 2009;
iu and Rabinovich, 2010). However, given its multiple and partially
verlapping functions, it has proven challenging to demonstrate the
recise mechanism underlying the pro- or anti-inflammatory roles
f galectin-3 in vivo. Previous studies in galectin-3-deficient mice
ave revealed a central role for galectin-3 as a negative regulator of
daptive immune responses. It has been suggested that galectin-3
egulates both Th1 and Th2 response as Lgals3−/− mice developed
ower Th2 responses and higher Th1 responses in a murine model of
sthma (Zuberi et al., 2004). Moreover, and in contrast to galectin-
, galectin-3 binds equally to both Th1- and Th2-differentiated
ubsets, thus substantiating the lack of preferences of this endoge-
ous lectin for polarized T helper cell populations (Toscano et al.,
007). This effect could be related to glycan-binding preferences
f galectin-3 over galectin-1 with respects to recognition of �2,6-
inked terminal sialic acid (Hirabayashi et al., 2002).

In previous studies, we have reported that galectin-3 influences
he interface of innate and adaptive immunity by suppressing IL-12
roduction by DCs, driving the development of Th1-type responses
pon Toxoplasma gondii infection (Bernardes et al., 2006). In addi-
ion, during the early course of R. equi infection Lgals3−/− mice

C57BL/6 background) are much more resistant to R. equi infec-
ion and this resistance was associated with higher production of
ytokines by Lgals3−/− macrophages. These results suggested that
d concentrations. After 24 h, BMDCs stimulated with DLL4 (A) and JAG1 (B) were
 Lgals3

−/− and WT mice were stimulated with immobilized 1 �g/mL JAG1 or DLL4
e PCR. *p < 0.05, **p < 0.001, ***p < 0.0005, ****p < 0.0001.

galectin-3 may  regulate innate immune responses by diminishing
IL-1� production by macrophages (Ferraz et al., 2008). More-
over, in a P. brasiliensis murine model of infection, we found that
Lgals3−/− mice (C57BL/6 background) displayed increased suscep-
tibility to fungal infection, associated with the inability of these
mice to mount an adequate inflammatory response, impaired DTH
responses, high serum levels of specific antibodies, and develop-
ment of Th2-polarized immune responses (Ruas et al., 2009).

In the present study we found an increased mixed Th1/Th2
response in Lgals3−/− mice upon L. major infection and identified
galectin-3 as a molecular regulator of the Jagged1/Notch-1 signal-
ing pathway. The Notch signaling pathway is well known for its
role in binary cell fate decisions (Bray, 2006). In some settings,
Notch regulates such decisions by a lateral inhibition mechanism,
in which adoption of a primary fate is inhibited by Notch signal-
ing, allowing cells to differentiate into a secondary fate by default.
In other settings, Notch acts by actively promoting expression of
lineage-differentiation genes (Bray, 2006). Its role in driving T-cell
differentiation has emerged and it is well established that the Notch
signaling pathway plays an important role in Th1/Th2 polariza-
tion (Amsen et al., 2009a,b). T-bet and GATA-3 are transcription
factors that regulate the differentiation of naïve CD4+ T cells into
Th1 and Th2 lineage, respectively (Mullen et al., 2001; Zheng and
Flavell, 1997), and Notch can drive Th2 differentiation through

direct transactivation of the GATA-3 gene (Amsen et al., 2009a,b).
Although Notch signaling has been extensively implicated in cell-
fate selection through the development of the immune system, less
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Fig. 7. Human recombinant Galectin-3 down regulates ligand-induced Notch signaling in BMDCs. Bone marrow-derived DCs were obtained from uninfected WT and Lgals3
−/−

mice and stimulated with immobilized 1 �g/mL of JAG1 or DLL4, in presence or absence of soluble hrGal-3 (30 �g/mL), for 24 h. Then, cells were harvested and analyzed
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ttention has been paid to the function of Notch receptors in mature
mmune cells expressing high levels of those proteins. Skewing of
D4+ T cells into different lineages depends on signals endorsed
y antigen-presenting cells (APCs), which translate information
bout pathogen or inflammatory threats to T cells. Notch ligands
ct as signaling molecules responsible of conveying this informa-
ion into T helper cytokine responses. In this regard, Notch ligands
unction as instructive signals that promote divergent effects dur-
ng T helper cell differentiation. While Delta-like ligand promotes
h1 responses, Jagged ligand instructs naïve CD4+ T cells to dif-
erentiate into the Th2 lineage (Amsen et al., 2004). We  found,
n the L. major experimental model, that expression of Notch-1
s well as Delta-like 4 and Jagged ligands in lymph node and/or
oodpad lesion cells is increased in the absence of galectin-3, up-
egulating both Th1 and Th2 mediators and transcription factors.
herefore, galectin-3 deficiency favors non-selective up-regulation
f Th1 and Th2 cytokines in response to L. major infection, suggest-
ng that this endogenous lectin may  contribute to limit exacerbated

 cell responses irrespective of their cytokine profile. Moreover,
ysregulation of immune response exhibited by Lgals3−/− mice may
artially explain the increased susceptibility of Lgals3−/− mice to L.
ajor infection (Fermino et al., 2013).

The crosstalk between galectin-3 and the Notch signaling path-
ay on Th1/Th2 responses is also evidenced by its influence in
MDC biology. We  showed that BMDCs from naïve Lgals3−/− mice
isplayed a mixed and enhanced expression of Jagged1 and Delta-

ike-4 mRNAs, and upon activation with LPS, an up-regulation of the
otch target gene Hes-1 was also observed in Lgals3−/− BMDCs. This
henomenon was accompanied by heightened expression of proin-

ammatory cytokines, which together corroborate the hypothesis
hat galectin-3 down-modulates expression of Notch ligands as
ell as Th1-inducing cytokines on DCs. These effects may  con-
ults are representative of 3 independent assays performed in triplicates. *p < 0.05,

tribute to T helper cell polarization during infection and could
probably affect the clearance of the intracellular parasites.

In our study, we also found that activation of Notch signal-
ing pathway in BMDCs with immobilized Jagged1 ligand is more
prominent in Lgals3−/− cells compared to WT  cells, and the expres-
sion of IL-6 was also augmented in Gal-3-deficient cells. It is well
known that Notch activation requires that Jagged1/DLL4 ligands
expressed on a ‘signal-provider’ cell could interact with Notch
receptor on neighboring ‘signal-receiving’ cells (trans-interaction)
(Cordle et al., 2008). The EGF repeats of mammalian Notch1 carry
not only O-fucose and O-glucose glycans but also present complex
N-glycans that could serve as ligands for galectin-3 (Stanley and
Okajima, 2010). On the other hand, both Jagged1 and DLL4 ligands
can be modified by O- and N-linked glycans (Panin et al., 2002;
D’Souza et al., 2008). Therefore, we hypothesize that galectin-3 may
contribute to bridge Notch receptor with specific ligands, thereby
modulating Notch signaling. In fact, unpublished data from our lab-
oratory demonstrate that galectin-3 preferentially binds to Jagged1
(Santos et. al., unpublished data). These observations led us to pro-
pose that soluble galectin-3 binds to Jagged1 ligands present on
DCs (and possibly other APCs) and restrict Notch signaling activa-
tion in those cells, thus inhibiting the production of Th2-driving
cytokines. More than fifteen years ago, Demetriou et al. (2001)
demonstrated that galectin-3 directly restrains initiation of TCR
signaling and T cell activation by forming multivalent complexes
with glycans present on the TCR. Similar to interactions between
galectin-3 and the TCR, it is possible that this endogenous lectin
may  form “lattices” through binding to specific glycans on Notch
receptors/ligands to attenuate or deactivate Notch signaling acti-

vation. The hypothesis of interaction between galectin-3 and Notch
signaling components is illustrated in Fig. 8. It should be empha-
sized that soluble galectin-3 is found at high concentrations in
infection/inflammation sites and is secreted by different immune
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Fig. 8. Hypothesis model of Notch signaling modulation by galectin-3. (A) Notch-1 expressed in target cells is activated by Jagged1 or Delta-like-4 ligands present in the
transmiting (effector) cell. NCDI is cleaved and translocated to the nucleus, where it triggers the transcription of Notch target genes, ultimately leading to Th1/Th2 polarization.
(B)  Because Notch-1 and Delta-like-4/Jagged1 ligands are glycoproteins, extracellular galectin-3 may  interact with the Notch machinery. When present at high concentration
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infection sites), galectin-3 creates a rigid lattice that could restrain the movement o
s  a result, Th1/Th2 responses are suppressed.

ells (Liu and Rabinovich, 2005). In fact, in our study, pre-treatment
f naïve Lgals3−/− BMDCs with soluble recombinant galectin-3, fol-
owed by Jagged1 stimulus, prevented increased expression of IL-6.

On the other hand, Lgals3−/− BMDCs showed to be less effi-
ient in responding to Delta-like-4 activation than WT  BMDCs.
ince Delta-like-4/Notch activation in APCs is associated with Th1
esponses, it is possible that binding of galectin-3 to Delta-like-4
otentiates the activation of Notch signaling pathway, a situa-
ion that could be critical during Th1-related infections. It is also
ossible that the selective binding of galectin-3 to Notch ligands,
epending on the infection context, represents a universal mech-
nism by which this lectin fine tunes adaptive immune responses,
etting the threshold of Notch signaling activation and tailoring
nti-microbial immunity.

The BALB/c mice model used in this study, which is particularly
ensitive to Leishmania major infection, may  reflect a particu-
ar set of patients with higher disease severity. Indeed, while
harmacological therapy can increase the therapeutic response to
eishmaniasis, host immunity is essential to resolve the infection.
n fact, the host ability to mount a L. major-specific Th1 response is
ecessary to control parasite multiplication and dissemination. It

s known that Notch receptor and ligands are increased in the cuta-
eous and mucosal lesions of patients with Leishmaniasis and, are
ssociated with poor response to therapy (Rodrigues et al., 2001).

oreover, Notch signaling is required for a proper Th1 immune

esponse following L. major infection (Utsunomiya et al., 2015;
uderset et al., 2012). Therefore, understanding the mechanisms
y which galectin-3 regulates Notch signaling activation may  con-
proteins, thus impairing ligand-receptor interaction and Notch signaling activation.

tribute to the development of new immunotherapeutic targets in
L. major infection.

5. Conclusions

In summary, our findings provide the first evidence of a role for
endogenous galectin-3 in modulation of T helper responses during
L. major infection and shed light on potential downstream mecha-
nisms, such as Notch signaling, underlying the immunoregulatory
activity of this glycan-binding protein in vivo.
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grants from Fundaç ão de Amparo à Pesquisa do Estado de São
Paulo (FAPESP) and Conselho Nacional do Desenvolvimento Cien-

tífico e Tecnológico (CNPq) to E.S.B. (grant number 2012/06875-6),
M.C.R.B and M.D.B (grant number 467646/2014-7) and grants from
the Sales, Barón and Bunge & Born Foundations and Argentinean
Agency for the Promotion of Science and Technology, University of



lar Im

B
I

R

A

A

A

A

A

A

A

B

B

B

C

C

C

D

D

D

E

F

F

F

F

H

H

H

H

H

I

M.L. Fermino et al. / Molecu

uenos Aires and Argentinean Council for Scientific and Technical
nvestigations (CONICET) to G.A.R.

eferences

costa-Rodríguez, E.V., Montes, C.L., Motrán, C.C., Zuniga, E.I., Liu, F.T., Rabinovich,
G.A., Gruppi, A., 2004. Galectin-3 mediates IL-4-induced survival and
differentiation of b cells: functional cross-talk and implications during
trypanosoma cruzi infection. J. Immunol. 172, 493–502.

msen, D., Blander, J.M., Lee, G.R., Tanigaki, K., Honjo, T., Flavell, R.A., 2004.
Instruction of distinct CD4T helper cell fates by different notch ligands on
antigen-presenting cells. Cell 117, 515–526.

msen, D., Antov, A., Jankovic, D., Sher, A., Radtke, F., Souabni, A., Busslinger, M.,
et  al., 2007. Direct regulation of Gata3 expression determines the T helper
differentiation potential of Notch. Immunity 1, 89–99.

msen, D., Antov, A., Flavell, R.A., 2009a. The different faces of Notch in
T-helper-cell differentiation. Nat. Rev. Immunol. 9, 116–124.

msen, D., Spilianakis, C.G., Flavell, R.A., 2009b. How are T(H)1 and T(H)2 effector
cells made? Curr. Opin. Immunol. 21, 153–160.

rgüeso, P., Guzman-Aranguez, A., Mantelli, F., Cao, Z., Ricciuto, J., Panjwani, N.,
2009. Association of cell surface mucins with galectin-3 contributes to the
ocular surface epithelial barrier. J. Biol. Chem. 284, 23037–23045.

uderset, F., Schuster, S., Coutaz, M.,  Koch, U., Desgranges, F., Merck, E.,
MacDonald, H.R., Radtke, F., Tacchini-Cottier, F., 2012. Redundant Notch1 and
Notch2 signaling is necessary for IFNgamma secretion by T helper 1 cells
during infection with Leishmania major. PLoS Pathog. 8, e1002560.

ernardes, E.S., Silva, N.M., Ruas, L.P., Mineo, J.R., Loyola, A.M., Hsu, D.K., Liu, F.T.,
et al., 2006. Toxoplasma gondii infection reveals a novel regulatory role for
galectin-3 in the interface of innate and adaptive immunity. Am.  J. Pathol. 168,
1910–1920.

ray, S.J., 2006. Notch signalling: a simple pathway becomes complex. Nat. Rev.
Mol. Cell. Biol. 7, 678–689.

reuilh, L., Vanhoutte, F., Fontaine, J., van Stijn, C.M., Tillie-Leblond, I., Capron, M.,
Faveeuw, C., et al., 2007. Galectin-3 modulates immune and inflammatory
responses during helminthic infection: impact of galectin-3 deficiency on the
functions of dendritic cells. Infect. Immun. 75, 5148–5157.

hen, H.Y., Liu, F.T., Yang, R.Y., 2005. Roles of galectin-3 in immune responses.
Arch. Immunol. Ther. Exp. (Warsz) 53, 497–504.

hen, H.Y., Fermin, A., Vardhana, S., Weng, I.C., Lo, K.F., Chang, E.Y., Maverakis, E.,
et  al., 2009. Galectin-3 negatively regulates TCR-mediated CD4+ T-cell
activation at the immunological synapse. Proc. Natl. Acad. Sci. U. S. A. 106,
14496–14501.

ordle, J., Johnson, S., Tay, J.Z., Roversi, P., Wilkin, M.B., de Madrid, B.H., Shimizu, H.,
Jensen, S., Whiteman, P., Jin, B., Redfield, C., Baron, M.,  Lea, S.M., Handford, P.A.,
2008. A conserved face of the Jagged/Serrate DSL domain is involved in Notch
trans-activation and cis-inhibition. Nat. Struct. Mol. Biol. 15, 849–857.

’Souza, B., Miyamoto, A., Weinmaster, G., 2008. The many facets of Notch ligands.
Oncogene 27, 5148–5167.

emetriou, M.,  Granovsky, M.,  Quaggin, S., Dennis, J.W., 2001. Negative regulation
of  T-cell activation and autoimmunity by Mgat5 N-glycosylation. Nature 409,
733–739.

umic, J., Dabelic, S., Flogel, M.,  2006. Galectin-3: an open-ended story. Biochim.
Biophys. Acta 1760, 616–635.

steban, A., Popp, M.W.,  Vyas, V.K., Strijbis, K., Ploegh, H.L., Fink, G.R., 2011. Fungal
recognition is mediated by the association of dectin-1 and galectin-3 in
macrophages. Proc. Natl. Acad. Sci. U. S. A. 108, 14270–14275.

ang, T.C., Yashiro-Ohtani, Y., Del Bianco, C., Knoblock, D.M., Blacklow, S.C., Pear,
W.S., 2007. Notch directly regulates Gata3 expression during T helper 2 cell
differentiation. Immunity 27, 100–110.

arnworth, S.L., Henderson, N.C., Mackinnon, A.C., Atkinson, K.M., Wilkinson, T.,
Dhaliwal, K., Hayashi, K., et al., 2008. Galectin-3 reduces the severity of
pneumococcal pneumonia by augmenting neutrophil function. Am.  J. Pathol.
172,  395–405.

ermino, M.L., Dias, F.C., Lopes, C.D., Souza, M.A., Cruz, Â.K., Liu, F.T., 2013.
Chammas R, et al., Galectin-3 negatively regulates the frequency and function
of  CD4(+) CD25(+) Foxp3(+) regulatory T cells and influences the course of
Leishmania major infection. Eur. J. Immunol. 43, 1806–1817.

erraz, L.C., Bernardes, E.S., Oliveira, A.F., Ruas, L.P., Fermino, M.L., Soares, S.G.,
Loyola, A.M., et al., 2008. Lack of galectin-3 alters the balance of innate
immune cytokines and confers resistance to Rhodococcus equi infection. Eur. J.
Immunol. 38, 2762–2775.

enderson, N.C., Sethi, T., 2009. The regulation of inflammation by galectin-3.
Immunol. Rev. 230, 160–171.

irabayashi, J., Hashidate, T., Arata, Y., Nishi, N., Nakamura, T., Hirashima, M.,
Urashima, T., et al., 2002. Oligosaccharide specificity of galectins: a search by
frontal affinity chromatography. Biochim. Biophys. Acta 1572, 232–254.

su, D.K., Liu, F.T., 2004. Regulation of cellular homeostasis by galectins. Glycoconj.
J.  19, 507–515.

su, D.K., Yang, R.Y., Pan, Z., Yu, L., Salomon, D.R., Fung-Leung, W.P., Liu, F.T., 2000.
Targeted disruption of the galectin-3 gene results in attenuated peritoneal

inflammatory responses. Am.  J. Pathol. 156, 1073–1083.

ughes, R.C., 1997. The galectin family of mammalian carbohydrate-binding
molecules. Biochem. Soc. Trans. 25, 1194–1198.

naba, K., Inaba, M.,  Romani, N., Aya, H., Deguchi, M.,  Ikehara, S., Muramatsu, S.,
et  al., 1992. Generation of large numbers of dendritic cells from mouse bone
munology 76 (2016) 22–34 33

marrowcultures supplemented with granulocyte/macrophage
colony-stimulating factor. J. Exp. Med. 176, 1693–1702.

Ito, T., Connett, J.M., Kunkel, S.L., Matsukawa, A., 2012. Notch system in the linkage
of  innate and adaptive immunity. J. Leukoc. Biol. 92, 59–65.

Jiang, H.R., Muckersie, E., Robertson, M.,  Forrester, J.V., 2003. Antigenspecific
inhibition of experimental autoimmune uveoretinitis by bone marrow derived
immature dendritic cells. Invest. Ophthalmol. Visual Sci. 44, 1598–1607.

Jiang, H.R., Al Rasebi, Z., Mensah-Brown, E., Shahin, A., Xu, D., Goodyear, C.S.,
Fukada, S.Y., et al., 2009. Galectin-3 deficiency reduces the severity of
experimental autoimmune encephalomyelitis. J. Immunol. 182, 1167–1173.

Kohatsu, L., Hsu, D.K., Jegalian, A.G., Liu, F.T., Baum, L.G., 2006. Galectin-3 induces
death of Candida species expressing specific beta-1,2-linked mannans. J.
Immunol. 177, 4718–4726.

Kooyk, Y.V., Rabinovich, G.A., 2008. Protein-glycan interactions in the control of
innate and adaptive immune responses. Nat. Immunol. 9, 593–601.

Launois, P., Louis, J.A., Milon, G., 1997. The fate and persistence of Leishmania
major in mice of different genetic backgrounds: an example of exploitation of
the immune system by intracellular parasites. Parasitology 115, S25–32.

Liu, F.T., Rabinovich, G.A., 2005. Galectins as modulators of tumour progression.
Nat. Rev. Cancer 5, 29–41.

Liu, F.T., Rabinovich, G.A., 2010. Galectins: regulators of acute and chronic
inflammation. Ann. N. Y. Acad. Sci. 1183, 158–182.

Livak, K.J., Schmittgen, T.D., 2001. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta C(T)) Method. Methods 25,
402–408.

Mougneau, E., Bihl, F., Glaichenhaus, N., 2011. Cell biology and immunology of
Leishmania. Immunol. Rev. 240, 286–296.

Mullen, A.C., High, F.A., Hutchins, A.S., Lee, H.W., Villarino, A.V., Livingston, D.M.,
Kung, A.L., et al., 2001. Role of T-bet in commitment of TH1 cells before
IL-12-dependent selection. Science 292, 1907–1910.

Nakajima, K., Kho, D.H., Yanagawa, T., Harazono, Y., Gao, X., Hogan, V., Raz, A.,
2014. Galectin-3 inhibits osteoblast differentiation through notch signaling.
Neoplasia 16, 939–949.

Nieminen, J., St-Pierre, C., Bhaumik, P., Poirier, F., Sato, S., 2008. Role of galectin-3
in  leukocyte recruitment in a murine model of lung infection by Streptococcus
pneumoniae. J. Immunol. 180, 2466–2473.

Norling, L.V., Perretti, M.,  Cooper, D., 2009. Endogenous galectins and the control of
the  host inflammatory response. J. Endocrinol. 201, 169–184.

Panin, V.M., Shao, L., Lei, L., Moloney, D.J., Irvine, K.D., Haltiwanger, R.S., 2002.
Notch ligands are substrates for protein O-fucosyltransferase-1 and Fringe. J.
Biol. Chem. 277, 29945–29952.

Rabinovich, G.A., Toscano, M.A., 2009. Turning ‘sweet’ on immunity:
galectin-glycan interactions in immune tolerance and inflammation. Nat. Rev.
Immunol. 9, 338–352.

Radtke, F., MacDonald, H.R., Tacchini-Cottier, F., 2013. Regulation of innate and
adaptive immunity by Notch. Nat. Rev. Immunol. 13, 427–437.

Rodrigues, K.M., Oliveira, M.P., Maretti-Mira, A.C., Oliveira-Neto, M.P., Mattos, M.S.,
Silva, L., Soares, D.A., Dolci, E.L., Perico, R.A., Pirmez, C., 2001. Influence of the
Notch system in the therapeutic response of American tegumentary
leishmaniasis. Br. J. Dermatol. 164, 1228–1234.

Ruas, L.P., Bernardes, E.S., Fermino, M.L., de Oliveira, L.L., Hsu, D.K., Liu, F.T.,
Chammas, R., et al., 2009. Lack of galectin-3 drives response to Paracoccidioides
brasiliensis toward a Th2-biased immunity. PLoS One 4, e4519.

Sacks, D., Noben-Trauth, N., 2002. The immunology of suscepti- bility and
resistance to Leishmania major in mice. Nat. Rev. Immunol. 2, 845–858.

Sainson, R.C., Aoto, J., Nakatsu, M.N., Holderfield, M.,  Conn, E., Koller, E., Hughes,
C.C., 2005. Cell-autonomous notch signaling regulates endothelial cell
branching and proliferation during vascular tubulogenesis. FASEB J. 19,
1027–1029.

Sato, S., Hughes, R.C., 1994. Regulation of secretion and surface expression of
Mac-2, a galactoside-binding protein of macrophages. J. Biol. Chem. 269,
4424–4430.

Sato, S., St-Pierre, C., Bhaumik, P., Nieminen, J., 2009. Galectins in innate immunity:
dual functions of host soluble beta-galactoside-binding lectins as
damage-associated molecular patterns (DAMPs) and as receptors for
pathogen-associated molecular patterns (PAMPs). Immunol. Rev. 230,
172–187.

Shang, Y., Smith, S., Hu, X., 2016. Role of Notch signaling in regulating innate
immunity and inflammation in health and disease. Protein Cell, Epub of print.

Silva-Monteiro, E., Reis Lorenzato, L., Kenji Nihei, O., Junqueira, M.,  Rabinovich,
G.A., Hsu, D.K., Liu, F.T., et al., 2007. Altered expression of galectin-3 induces
cortical thymocyte depletion and premature exit of immature thymocytes
during Trypanosoma cruzi infection. Am.  J. Pathol. 170, 546–556.

Stanley, P., Okajima, T., 2010. Roles of glycosylation in Notch signaling. Curr. Top.
Dev. Biol. 92, 131–164.

Stowell, S.R., Qian, Y., Karmakar, S., Koyama, N.S., Dias-Baruffi, M.,  Leffler, H.,
McEver, R.P., et al., 2008. Differential roles of galectin-1 and galectin-3 in
regulating leukocyte viability and cytokine secretion. J. Immunol. 180,
3091–3102.

Sundblad, V., Croci, D.O., Rabinovich, G.A., 2011. Regulated expression of
galectin-3, a multifunctional glycan-binding protein, in haematopoietic and

non-haematopoietic tissues. Histol. Histopathol. 26, 247–265.

Toscano, M.A., Bianco, G.A., Ilarregui, J.M., Croci, D.O., Correale, J., Hernandez, J.D.,
Zwirner, N.W., et al., 2007. Differential glycosylation of TH1, TH2 and TH-17
effector cells selectively regulates susceptibility to cell death. Nat. Immunol. 8,
825–834.

http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0005
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0010
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0015
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0020
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0025
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0030
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0035
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0040
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0045
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0050
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0055
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0060
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0065
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0070
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0070
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0070
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0070
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0070
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0070
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0070
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0070
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0070
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0070
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0070
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0075
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0080
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0080
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0080
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0080
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0080
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0080
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0080
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0080
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0080
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0080
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0080
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0085
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0090
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0095
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0100
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0105
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0110
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0110
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0110
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0110
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0110
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0110
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0110
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0110
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0110
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0110
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0110
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0110
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0115
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0120
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0120
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0120
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0120
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0120
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0120
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0120
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0120
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0120
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0120
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0120
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0120
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0125
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0130
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0135
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0140
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0145
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0150
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0155
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0160
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0165
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0170
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0175
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0180
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0185
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0185
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0185
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0185
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0185
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0185
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0185
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0185
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0185
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0185
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0185
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0185
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0190
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0195
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0195
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0195
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0195
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0195
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0195
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0195
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0195
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0195
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0195
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0195
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0195
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0200
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0205
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0210
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0215
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0220
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0225
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0230
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0235
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0240
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0245
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0250
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0255
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0260
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0265
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0270
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0275
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280
http://refhub.elsevier.com/S0161-5890(16)30107-9/sbref0280


3 lar Im

U

V

W

responses in lethal murineleishmaniasis. J. Immunol. 160, 3627–3630.
4 M.L. Fermino et al. / Molecu

tsunomiya, Y.T., Ribeiro, E.S., Quintal, A.P., Sangalli, J.R., Gazola, V.R., Paula, H.B.,
Trinconi, C.M., Lima, V.M., Perri, S.H., Taylor, J.F., Schnabel, R.D., Sonstegard,
T.S., Garcia, J.F., Nunes, C.M., 2015. Genome-wide scan for visceral
leishmaniasis in mixed-breed dogs identifies candidate genes involved in T
helper cells and macrophage signaling. PLoS One 10, e0136749.
an Stijn, C.M., van den Broek, M.,  van de Weerd, R., Visser, M.,  Taş delen, I., Tefsen,
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