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by which helminth-derived molecules can suppress immunological disorders. These studies have fostered
the idea that parasitic worms may be used as a promising therapeutic alternative for prevention and treat-
ment of immune-mediated diseases. We discuss the current approaches for identification of helminth
proteins with potential immunoregulatory properties, including the strategies based on high-throughput
technologies. We also explore the methodological approaches and expression systems used for produc-

gg‘;v:sr;il;l systems tion of the recombinant forms of more than 20 helminth immunomodulatory proteins, besides their
Helminthes performances when evaluated as immunotherapeutic molecules to treat different immune-mediated
Immunomodulation conditions, including asthma and inflammatory bowel diseases. Finally, we discuss the perspectives of
Inflammatory diseases using these parasite-derived recombinant molecules as tools for future immunotherapy and immuno-
Recombinant proteins prophylaxis of human inflammatory diseases.
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1. Introduction ) ) )
hosts ins order to survive for long periods and, consequently,
Helminthic parasites, by co-evolution with mammals, devel- cause impact in the development and manifestation of human

oped mechanisms to modulate the immune system of their chronic inflammatory diseases (Ditgen et al., 2014; Bashi et al,,

2015; Maizels and McSorley, 2016). The increasing prevalence of

immune-mediated inflammatory diseases including asthma, rhini-

- tis, intestinal inflammatory disease, diabetes and several others has
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In fact, helminth infections have been used experimentally
to treat inflammatory disorders, with some encouraging results.
For example, Trichinella spiralis infection has been shown to
down-immunoregulate type 1 diabetes, ulcerative colitis and
experimental autoimmune encephalomyelitis in experimental
models (Ashour et al., 2014; Gruden-Movsesijan et al., 2010;
Hiibner et al., 2012), whereas Schistosoma mansoni was also able
to suppress airway inflammation (Pacifico et al., 2009).

Likewise, Trichuris suis eggs and alive Necator americanus infec-
tive larvae have been reported to treat human inflammatory
bowel disease and allergic rhinitis in humans (Croese et al., 2006;
Summers et al., 2003). However, evaluation of these therapies by
most reliable meta-analysis studies concluded that there was not
sufficient evidence to ensure their efficacy and safety (Croft et al.,
2012; Garg et al., 2014; Maizels, 2016). Thus, prior to considering
clinical treatments using these biological products, the helminths
or their products require careful selection and the elucidation
of mechanisms underlying their immunomodulatory capabilities
to avoid the effects related to this ability such as reducing the
effectiveness of vaccines, increased susceptibility to co-infection
and inhibit the immune response against tumors (Maizels and
McSorley, 2016).

Important advances have occurred in understanding the
parasite-host relationship, and some molecular and cellular mech-
anisms are already well defined. These mechanisms include the
induction of regulatory cytokine production (IL-10 and TGF-3)
(Shiny et al., 2011); CD4+ CD25+ Foxp3+ T cell (Treg cells) recruit-
ment (Layland et al., 2013); alternative macrophage activation
inducing an anti-inflammatory phenotype (Du et al., 2014) and
an immune response shift (Hiibner et al., 2012). However, these
mechanisms are variable depending on the parasite species or its
products, experimental model, treatment protocol, among other
factors (Bashi et al., 2015; Maizels and McSorley, 2016).

Native proteins isolated from helminths have been described
as potent immunomodulators. The ES-62 glycoprotein from Acan-
thocheilonema viteae has been shown to interact with several
different cells and molecules of the immune system to decrease
the inflammatory response, such as in arthritis (Pineda et al,,
2012).1deally, proteins isolated from the parasites could be purified
and evaluated for their immunomodulatory potential. However,
the processes for obtaining the native molecules are often labo-
rious, time consuming and not effective for production complying
with required purity standards, reproducibility, and in large-scale
to biophysical and biochemical characterization and clinical use
(Fernandez-Robledo and Vasta, 2010; Vedadi et al., 2010).

These proteins can be produced through recombinant DNA tech-
nology in different expression systems such as bacteria, yeast,
protozoa, insect cells and mammalian cells (Frenzel et al., 2013).
Some parameters such as growth characteristics, folding, purifica-
tion and posttranslational modifications are crucial for the choice
of the expression system (Pfeifer and Khosla, 2001) and are likely
to have an impact on biological activity, stability and pharmacoki-
netics (Fujihara et al., 2008).

Despite the high cost, most of the recombinant protein phar-
maceuticals currently in use are produced in mammalian cell lines,
because folding, secretion and posttranslational modifications are
more similar to those of human native proteins, a requirement
particularly important to proteins whose suitable glycosylation is
essential for biological activity (Frenzel et al., 2013). For exam-
ple, the most therapeutic glycoproteins require suitable sialylation,
which is more likely to be achieved by mammalian cells, despite
this expression systems have disadvantages such as heterogeneity
of glycans and, particularly, handling difficulties to produce spe-
cific changes (Hamilton et al., 2006; Kallolimath et al., 2016). In
addition, other eukaryotic expression systems as yeast have advan-
tages such as higher yield, shorter fermentation times, growth in

chemically defined media and, especially, ease of handling which
provides flexibility to insert appropriate biochemical machinery for
required post-translational modifications (Hamilton et al., 2006;
Schaefer and Pliickthun, 2012). These characteristics can be use-
ful for the biosynthesis of helminth recombinant proteins, which
are not yet well characterized biochemically and demand specific
post-translational modifications.

On the other hand, E. coli expression systems have been most
useful in producing helminth recombinant proteins to test for
immunomodulation with some encouraging results in vitro and in
experimental models. This preference is due to the advantages of
low cost, ease of handling and high yielding, despite the lack of post-
translational modifications and inappropriate folding that may be
important for their biological function (Anné et al.,2012; Assenberg
etal., 2013).

2. Rational strategies for obtaining recombinant helminth
molecules for therapeutics or immunoprophylaxis purposes

Nowadays, multi-technological approaches involving para-
sitology, genomics, transcriptomics and proteomics methods,
associated with a variety of bioinformatics strategies, have con-
tributed enormously to the identification of helminth proteins
with potential immunomodulatory properties (Du et al., 2011;
Cantacessi et al., 2011; He et al., 2014; Ebner et al., 2014).

Several in vivo techniques using established experimental ani-
mal models for asthma (Baqueiro et al., 2010; Navarro et al., 2016),
colitis (Brenna et al., 2013) and autoimmune diabetes (Viehmann
Milam et al., 2014) are currently available to test helminthic
molecules for further use as immunotherapeutic agents of human
inflammatory diseases when their mechanisms of action and safety
became well recognized.

Many genomic sequences of helminth parasites that are con-
sidered to modulate the mammalian host’s immune system have
become recently publicly available; these include the genomes of
Ascaris suum (Jex et al., 2011), Brugia malayi (Ghedin et al., 2007),
Fasciola hepatica (Cwiklinski et al., 2015), Necator americanus (Tang
et al., 2014), Schistosoma mansoni (Berriman et al., 2009), Strongy-
loides spp (Hunt et al., 2016), Toxocara canis (Zhu et al., 2015),
Trichinella spiralis (Mitreva et al., 2011), Trichuris suis (Jex et al.,
2014), and Trichuris trichiura (Foth et al., 2014). A number of pro-
teins have already been predicted through in silico analysis of these
genomes that could be considered as potential immunomodulatory
molecules for further evaluation (Ghedin, 2014; Foth et al., 2014;
Jex et al., 2014).

Through transcriptomics, using high-throughput sequencing
technologies, it is now possible to study all the protein-encoding
transcripts produced by specific helminthic tissues during differ-
ent developmental stages of these parasites (Choi et al.,, 2011) and
also during contact with the host (Foth et al., 2014), allowing for
the evaluation of genes involved in different cellular functions and
mechanisms such as immunomodulation (Gasser, 2013). The inte-
gration of the information gathered from transcriptomic studies
with data obtained at the proteomic level will not only contribute
toward improving our understanding of parasite biology and of
the host-parasite interplay, but might also aid in the identifica-
tion of novel immunotherapeutic helminthic molecules. For this,
novel dedicated databases and bioinformatic pipelines for inte-
grated analysis of helminth “-omics” data, such as the WormBase
Parasite, HelmDB and Heminth.net, were made available in recent
years (Mangiola et al., 2013; Martin et al., 2015; Howe et al., 2016;
Korhonen et al., 2016).

Fig. 1 shows a diagram describing the steps for a general
approach to identify helminthic molecules for immunotherapy
and immunoprophylaxis of inflammatory diseases. The informa-
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A GENERAL APPROACH FOR IDENTIFICATION OF HELMINTH PROTEINS WITH POTENTIAL
IMMUNOREGULATORY ACTIVITIES

/N

Preparation of Helminth Proteins
- adult worm or larvae
- total proteins or excretory-secretory

Crushing the worms in a tissue grinder with the aid of beads (Santos et al., 2013)
Macerating in extraction solution (E Silva et al., 2014)

Sonication (Bhaskaran et al., 2011)

Concentration of excretory/secretory antigens from culture medium of the parasite using
cut-off 3 kDa and 10 kDa filter (Hiemstra et al., 2014; Lund et al., 2014)

Protein Fractionation )7

lon-exchange liquid chromatography (Santos et al., 2013)

Size exclusion chromatography (Borloo et al., 2013)

Ultracentrifugation and extraction by organic solvent (Sulbaran et al., 2013)
Mixed with Concanavalin A lectin-agarose (Dicker et al., 2014)

A

Evaluation of Inmunomodulatory
Potential of the Protein Fractions

Effects on cytokines praduction by PBMCs in vitro (Santos et al., 2013)
Immunosuppressive properties in vitro and in experimental model (Ebner et al.,
2014)

Proteomic Analysis for Identification of
Proteins in Immunomodulatory Fractions

Gel-free mass spectrometry [ESI-Q-TOF LC-MS/MS] (Santos et al., 2013)
2D-PAGE mass spectrometry [ESI-Q-TOF LC-MS/MS] (Morphew et al., 2013}
2D-PAGE mass spectrometry [MALDI-TOF/TOF MS] (Borloo et al., 2013)

A

Genome Sequence Available?

YES

50 Helminth Genomes Initiative / HelmDB / Helminth.net / 959 Nematode Genome

NO

Identification of target genes
from mass spectrometry data

AN

Protcin Lynx Global Server f SwissProt-UniProt database (Santos ct al, 2013)
MASCOT / NCBI - Nematode.nct (Borloo ct al., 2013)

Bioinformatics

Ion Torrent PGM/ Fragment library/ ~18 million rcads (Santos ct al., 2016)
Illumina HiScq 2000 machines/~19.5 million reads (Haganz ct al., 2015)
Ilfumina sequencing/52.3 million reads (Anscll et al., 2013)

Roche 454 GS FLX Titanium/>2 million rcads (Nagayasu ct al., 2013)

Proteomics Informed by Transcriptomics (PIT)

Ab initio assembly of
protein-coding sequences

Identification
of target genes

Fig. 1. A general approach for identification of helminth proteins with potential immunoregulatory activities.

tion was extracted from genomic, transcriptomic and proteomic
methods to identify target genes and in vitro tests of the produced
target molecules, making use of different bioinformatics tools for
deeper exploration of the currently available helminthic-related
public databases. In fact, there is a growing number of recombinant
proteins derived from helminth parasites described in the litera-
ture that presents some immunoregulatory activity that are being

tested for the inhibition of several immunological disorders (Santos
etal., 2013).

In this way, the aim of this review is to discuss the current
approaches for identification of helminth proteins with poten-
tial immunoregulatory properties, to explore the methodological
approaches and expression systems that have been used for
their production and discuss their performances when evaluated
as immunotherapeutic molecules to treat different immune-
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mediated conditions, including asthma, other allergies, rheumatoid
arthritis and inflammatory bowel diseases.

3. Different classes of recombinant helminth proteins with
therapeutic potential for immune-mediated diseases

3.1. Protease inhibitors

Many proteases are produced during inflammation and play
important roles in inflammatory processes. Recently, the involve-
ment of protease-activated receptors (PAR) in inflammatory
diseases has been studied, and it was demonstrated their presence
in several types of immune and structural cells (Zhang et al., 2014).
Evidence of their participation has been raised in human allergic
rhinitis (Lee et al., 2007). In TNBS-induced colitis, a synthetic PAR-
2 antagonist prevented mucosal damage, inflammation and edema,
even more than the clinically used drug, sulfasalazine (Lohman
et al,, 2012). Antagonists of PAR or inhibitors of the proteases
that activate this receptor may be valuable therapy candidates for
inflammatory diseases.

In fact, parasite protease inhibitors such as the cystatins
(cysteine protease inhibitors) have shown promising results as
immunoregulatory agents. In this sense, a filarial recombinant cys-
tatin (AvCystatin) exhibited a modulatory response in mice with
pollen-induced allergy, through IL-10 production and consequently
decreased Th2-response, essential to IgE class switching, antibodies
which play a central role in the establishment of allergic reactions.
In addition, other important players of allergy inflammation such
as mast cell protease and mast cells recruitment were reduced
(Danitowicz-Luebert et al., 2013).

More recently, a novel type of regulatory macrophage gener-
ated by stimulus with that recombinant protein (AvCystatin) was
identified by phenotyping. The adoptive transference of these cells
was able to suppress allergic airway inflammation, and when in
co-culture with dendritic and CD4+ T cells, these macrophages
induced IL-10 production (Ziegler et al., 2015). This protein was
expressed in Escherichia coli as a biologically active cystatin, after
it was identified by screening a cDNA expression library from
Acanthocheilonema viteae female mRNA, using sera of rodents resis-
tant to challenge infection, after vaccination with the larvae of this
nematode (Hartmann et al., 1997).

A 17KkDa cystatin from another filarial parasite, Onchocerca
volvulus, was produced by E. coli after cloning by PCR from
a cDNA library of infective larvae of O. volvulus and purified
under non-denaturing conditions by affinity chromatography.
This functionally active recombinant cystatin (named rOv17 or
onchocystatin) was able to inhibit the human PBMC proliferation
and increase the IL-10 production, which was related with dimin-
ishing expression of surface costimulatory molecules on T cells
(Schéonemeyer et al., 2001).

Another recombinant protein produced by E. coli, a cystatin
derived from Angiostrongylus cantonensis (AcCystatin), was able
to inhibit several inflammatory parameters such as expression of
chemokines and cytokines, serum IgE levels and lung inflamma-
tion in an ovalbumin/aluminium hydroxide-induced rat model of
asthma, when used for immunization or treatment (Ji et al., 2015).
Its ortholog from Schistosoma japonicum, a type II cystatin (SjCys-
tatin) was identified through the analysis of an online database and
transformed into E. coli, mostly expressed in a soluble form. This
protein was functional and able to regulate macrophage inflamma-
tory response by inhibiting TNF-a, IL-6 and nitric oxide. In addition,
itinduced IL-10 production by alternatively activated macrophages
leading them to present an immunomodulatory phenotype (Yang
et al., 2014). In addition, another cystatin (family I) from S. japon-
icum was expressed in E.coli and was effective in diminishing the

severity of 2, 4, 6-trinitrobenzene sulphonic acid (TNBS)-induced
colitis through a reduction of the Th1 response associated with
enhanced Treg and Th2 responses (Wang et al., 2016).

Another strategy was adopted to identify a coding gene for a
cysteine protease inhibitor from Heligmosomoides polygyrus. The
corresponding gene was amplified from a cDNA library as tem-
plate, using primer sequences based on conserved sequences of
cystatins previously described for helminths in the GenBank (Sun
et al., 2013). The recombinant protein produced in E. coli was
functional and able to suppress dendritic cells activation through
reduction in MHC-II expression. The TLR-induced expression of the
co-stimulatory molecules CD40 and CD86 was reduced when these
cells were treated by this helminth protein (Sun et al., 2013).

Also taking advantage of the similarity with known helminthic
cystatin, a gene sequence encoding cystatin of the fluke worm
Clonorchis sinensis (CsStefin-1) was identified by analysis of a cDNA
library of the adult worms and then expressed in E. coli, resulting in
expression of functional protein related to family 1 stefins. Phylo-
genetic analysis revealed that the protein had structural similarity
to human stefin B (Kang et al., 2011). This recombinant Cs-Stefin-
1 reduced dextran sodium sulphate (DSS)-induced murine colitis,
through increasing IL-10 production by macrophages which seems
to be caused by ERK phosphorylation (Jang et al., 2011).

3.2. Proteases

Although causing an opposite effect to that of protease
inhibitors, proteases may also display immunoregulatory activi-
ties. The most common cysteine proteases found in parasites are
those from the family of cathepsins B and L; however, many of
these molecules are secreted, in contrast to mammalian cathepsins,
which are stored in lysosomes. These proteases have a variety of
functions that are essential to parasitism, including immunomod-
ulation and parasite evasion of the immune system (Smooker et al.,
2010).

The secreted cathepsins are expressed as proenzymes, which
are converted into their active forms after cleavage, self-catalyzed
or not. However, this step did not impair the synthesis of the active
form by recombinant technology. The cathepsins L1 of Fasciola hep-
atica and B1 of S. mansoni were produced in their active forms,
starting from the encoding cDNA for wild-type preprotein, in Pichia
pastoris (Collins et al., 2004; Donnelly et al.,2010; Stack et al., 2005).
In addition, cathepsin L1 from F. hepatica produced by P. pastoris
was much more stable at pH 7 and 37 °C than human cathepsin L
(Collins et al., 2004); it is noteworthy to mention that stability is an
important feature of a product for clinical use.

In a murine sepsis model, the administration of cathepsin L1 of
F. hepatica (FhCL1) protected mice from death through suppression
of inflammation by decreasing IL-12, TNF-«, and IFN-vy levels. This
suppression seems to have been caused by direct degradation of
TLR3 and inhibition of macrophage activation through the TRIF-
dependent and Myd-88-independent signaling pathway. Likewise,
cathepsin B1 from S. mansoni had a similar effect (Donnelly et al.,
2010).

3.3. Cytokine homologs

Macrophage migration inhibitory factor (MIF) is a human
cytokine involved in innate immunity and is a stimulator of pro-
inflammatory mediator production (Roger et al., 2003). Meanwhile,
the type-1 and type-2 MIF homologs are molecules produced by
several helminths as part of their machinery to evade the host
immune system, which reflects in their hosts immune modula-
tion (Vermeire et al., 2008). For example, the recombinant type-2
MIF homolog from Anisakis simplex third-stage larvae (rAs-MIF)
expressed in E. coli, was able to inhibit Th1 and Th2 cytokine pro-
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ductioninintestinal and airway inflammation, respectively. In both
disorders, the immunoregulation was correlated to CD4+ CD25+
Foxp3+ T cells recruitment together with increased IL-10 and TGF-
[3 production in bronchoalveolar lavage fluid or in the spleens and
mesenteric lymph nodes (Cho et al., 2011; Park et al., 2009).

In DSS-induced intestinal inflammation, rAs-MIF promoted
improvement in signs associated with intestinal inflammation
such as reduction of DAI (disease activity index), amelioration of
histopathology and absence of colon shortening, which is a marker
of severe large intestine inflammation (Cho et al., 2011). Treatment
of murine epithelial cell lineage (CT-26) cultures with rAs-MIF was
associated with phosphorylation of both ERK and p38 pathways,
with inhibition of IL-10 expression when using ERK-inhibitor (Cho
etal, 2011).

The A. simplex MIF-like coding gene (As-MIF) was isolated ran-
domly from a cDNA library of A. simplex third-stage larvae in a
study of expressed sequence tags (ESTs) and was then success-
fully expressed in E. coli; in the purified protein, the active site of
tautomerase enzyme activity appeared to be located around Pro2
residue as a catalytic residue (Park et al., 2009).

A MIF-like coding gene of S. ratti was also identified by ESTs
analysis, and expressed in a bacterial system. Phylogenetic analysis
using the protein sequence showed that Sra-MIF is related to type-2
MIF. Recombinant Sra-MIF was able to induce IL-10 production by
human peripheral blood mononuclear cells in vitro (Younis et al.,
2011a).

3.4. Heat shock proteins

Heat shock proteins (HSPs) are evolutionary conserved pro-
teins expressed by prokaryotic and eukaryotic organisms, including
mammals. Sra-HSP-17, for example, is an immunoregulatory pro-
tein of S. ratti that more expressed in the adult female parasites than
in the infective third-stage larvae. Peptides characterized by ESTs
related to HSPs occur abundantly in the excretory/secretory prod-
ucts of female parasites, including HSP17s (Younis et al., 2011b).
The recombinant Sra-HSP17 produced in E. coli induced IL-10 pro-
duction by human PMBCs without causing any change in TNF-a
production. Interestingly, IgG antibodies from rats immunized with
the recombinant protein recognizing native Sra-HSP-17, as well as
its recombinant protein (Younis et al., 2011b), demonstrated the
conservation of epitopes in the recombinant form, which may be
essential for its activity in the immune system. Further, the small
Strongyloides HSP10 appears to contribute in parasite-host interac-
tion (Tazir et al., 2009).

Likewise, recombinant HSP60 of Wolbachia, an endosymbiont
bacterium, present in many filarial nematodes, was produced in
E. coli following amplification of its coding sequence from B. malayi
genomic DNA. Both rHSP60, as well as the B. malayi adult worm
extract were able to suppress lymphocyte proliferation PBMCs of
filarial infected-patients, suggesting that this protein may con-
tribute to the hostimmunoregulation promoted by filarial parasites
(Shiny et al., 2011).

3.5. Lectins

Lectins are proteins that bind to specific carbohydrate struc-
tures and can thus recognize particular glycoconjugates. Galectins
are S-type lectins with affinity for [3-galactoside. Galectin encoding
cDNA was identified by immunoscreening a Haemonchus con-
tortus cDNA library with antisera of lambs vaccinated with a
galactose-containing glycoprotein complex, and was then used for
recombinant protein production in E. coli (Newlands et al., 1999).

Vaccination with affinity-purified recombinant galectin did not
confer protection against infection to lambs, but it induced partial
protection to goats (Newlands et al., 1999; Yanming et al., 2007).

In addition, it was found that the recombinant galectins of male
and female H. contortus (rHco-gal-m and rHco-gal-f, respectively),
produced in the bacterial expression system, were able to cause
several events related to down-modulation of the host immune
system shown in goat PBMC cultures. The Concanavalin A-induced
production of cytokines IL-1(3, IL-4, IL-6 and IFN-y was reduced
when the cells were treated by rHco-gal-m and rHco-gal-f; like-
wise, expression of molecules important for the T cell development
pathway and proteins involved in lymphocytes migration were
down-regulated (Wang et al., 2014).

Arecombinant galectin-9 homolog (rTl-gal) of the canine round-
worm, Toxascaris leonina, obtained from the female adult worm
cDNA was also produced in E. coli. Its amino acid sequence shared
more than 80% identity with filarial nematode galectins and 35%
identity with human galectins (Kim et al., 2010). When tested in a
mouse model of dextran-induced colitis, it promoted the inhibition
of intestinal inflammation via enhanced IL-10 and TGF-f8 produc-
tion associated with decreased IL-4 and IFN-vy levels. Regarding
intracellular signaling pathways, rTl-gal induced the ERK 1/2 and
p38 phosphrylation in intestinal epithelial cells, wherein the ele-
vated expression of TGF-[3 was directly related to the p38 pathway
activation (Kim et al., 2010).

3.6. Other proteins

OVALT and OvVNLT, recombinant proteins derived from the
excretory/secretory products of Onchocerca volvulus whose recom-
binant forms were also obtained in a E. coli system were able to
suppressed antigen-specific T-cell proliferation and to decrease
IL-2 and IFN-+y secretion related to apoptosis, even after heat inacti-
vation and digestion by proteases. This finding indicates that these
suppression was promoted by these protein fragments once the
effect of LPS or low-weight molecular contaminants was excluded
(Hartmann et al., 2013).

Another excretory/secretory product, a polyprotein (DiAg) from
the canine filarial parasite Dirofilaria immitis, also obtained in the
recombinant form using E. coli as host; the recombinant product
(rDiAg) inhibited the immune-mediated pregnancy loss in a murine
model mimicking human pregnancy failure, through decreased IL-
4, IL-23 and TNF-a concentrations in serum from treated mice
(Komine-Aizawa et al., 2011; Tezuka et al., 2003).

rBmAsnRS is the recombinant form of an asparaginyl-tRNA syn-
thetase excretory/secretory protein of Brugia malayi that induced
the upregulation of the IL-10 receptor and had an effect on human
gene expression distinct from IL-8, despite being structurally
related to this cytokine, suggesting a potential anti-inflammatory
effect; production of this molecule in E. coli resulted in soluble and
enzymatically active protein (Kron et al., 2013). In experimental
colitis, rBmAsnRS succeeded in decreasing cellular infiltrate in the
lamina propria as well as restoring normal bowel wall thickness
and crypt formation. At the molecular level, increased IL-10 and IL-
4 production was associated with decreased IL-17 and IFN-vy levels
(Kronetal.,2013).Therefore, this effect enables its use as a potential
immunomodulatory therapy tool.

Ts-specific 53kDa glycoprotein (TsP53) is an excre-
tory/secretory antigen of Trichinella spiralis larvae (Du et al.,
2011). The recombinant protein produced in E. coli was able to
ameliorate TNBS-induced colitis, resulting in a reduction in the
most evident injuries in colitis such as mucosal and epithelium
damage in the treated group. With regard to the humoral immune
response, the TsP53-treated group produced specific IgG1 (related
to Th2 response) but not IgG2a (related to a Th1 response). Consis-
tent with the Th2 profile induced by treatment, the serum levels of
IL-4 and IL-13 were elevated, while the levels of TNF-a and IFN-vy
were diminished (Du et al., 2011). Two secreted proteins from
Strongyloides ratti were reported to affect the mucosal homeostasis
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by cytokine release and promoting epithelial wound healing which
would be of relevance in anti-inflammatory activities of helminth
molecules (Anandarajah et al., 2016; Ditgen et al., 2016).

Sm16/SmSLPis a 16 kDa anti-inflammatory protein from S. man-
soni, whose recombinant production from the native cDNA has very
low yields when using bacteria, yeast and insect systems (Valle
et al., 1999). An alternative was to construct a codon-optimized
synthetic amino acid encompassing residues 23-117 of the cor-
responding Sm16-encoding gene to produce modified and soluble
protein to facilitate the expression and purification, especially due
to replacing Ile-92 and Leu-93 with Ala residues. Thus, the mod-
ified protein was successfully produced by E. coli and P. pastoris
with a deduced molecular mass of 13.6 kDa, which seems to form
a 9-subunit oligomer. It inhibited LPS-induced production of IL-
6, TNF-a and IL-13 in whole blood, as well as avoided TLR4 and
TLR3 activation and delayed antigen processing on murine bone
marrow-derived macrophages (Brannstrom et al., 2009; Sanin and
Mountford, 2015).

Sm16 shares 99% of similarity with its homolog from S. japon-
icum (Sj16). A recombinant Sj16 was produced in E. coli (Hu et al.,
2009). Sun et al. (2010) showed that recombinant Sj16 protein
presented a similar effect as dexamethasone (a steroid hormone)
in CFA-induced arthritic rats; it inhibited inflammatory cell infil-
tration and pannus formation of ankle joint tissue in histological
examinations. In addition, rSj16 was able to inhibit TNF-c, IL-13
and decreased nitric oxide presence in serum, whereas serum IL-10
levels recovered as before arthritis induction (Sun et al., 2012).

Recombinant proteins of the parasitic flatworm S. mansoni
(Sm22.6 and Sm29) also produced by E. coli were able to suppress
ovalbumin-induced airway inflammation in a murine model dur-
ing a standard immunization/sensitization protocol. Interestingly,
the immunomodulation occurred by recruitment of CD4+ CD25+
Foxp3+T cells together with increased IL-10 production for Sm22.6
but not for Sm29. According to the results observed for injection
of S. mansoni eggs in an airway allergic inflammation model, the
increase of IL-10 expression was not essential for the suppression
of inflammation (Pacifico et al., 2009).

An overview of the herein cited and discussed helminth recom-
binant proteins with immunoregulatory effects is presented in
Table 1.

4. Perspectives for the use of recombinant helminth
molecules for immunotherapy

Currently, recombinant helmith proteins with immunomodula-
tory potential have been produced in yeast P. pastoris and mostly in
bacterial (E. coli) expression systems with some promising results.
However, there are still a myriad of improvements necessary in
expression systems to generate a product that more closely resem-
bles the native protein. For example, alternative expression hosts
could be explored to express heterologous proteins that have
suitable structures (Fernandez and Vega, 2013), to enhance the
immunoregulation achieved by these molecules.

The development of novel expression systems more phyloge-
netically close to nematodes, which presumably provide the correct
folding and post-translational modifications, could prove valuable
to aid the development of molecules suitable for novel human
immunotherapies. The free-living nematode Caenorhabditis elegans
has already been used as a protein expression host and a glyco-
sylated cathepsin L from Haemonchus contortus was successfully
expressed in this system, in an active form (Murray et al., 2007).

The viability of C. elegans as an expression system comes from
an in-depth knowledge of its genetics, considering that this is the
best-characterized nematode. Furthermore, an important feature
for heterologous protein synthesis is its ability to perform the addi-

tion of phosphorylcholine as a posttranslational modification that
is a common attribute of helminths and is involved in some of their
immunomodulatory actions (Deehan et al., 2002; Grabitzki et al.,
2008).

An alternative to developing novel expression systems is the
optimization of the currently available systems, for example, by
engineering the host for more adequate protein production. In fact,
the functional transfer of the Campylobacter jejuni glycosylation
machinery in E. coli enabled it to produce glycosylated proteins
(Schwarz et al., 2010). Pathogenic bacteria possess the machinery
capable of promoting the addition of phosphorylcholine as a post-
translational modification (Miiller et al., 2014) that, in the future,
could be exploited for obtaining proteins with this immunomodu-
latory moiety.

Another strategy is to rely on parasitic molecules for the
prospection of synthetic drugs able to reproduce the effects or
enhance them. The development of ES-62-analogues based on the
phosphorylcholine moiety have been successfully used in treat-
ment of collagen-induced arthritis in mice and nephritis in systemic
lupus erythematosus model, even though native ES-62 is not suit-
able as drug due to its immunogenicity (Pineda et al., 2015; Rodgers
etal., 2015).

The immunogenicity is an actual concern about use of ther-
apeutic recombinant proteins, particularly because heterologous
systems provide different posttranslational modifications that pro-
voke changes in protein structure and favor the immune system
identify the molecules as non-self (Jefferis, 2016). Despite protein
glycosylation is a posttranslational modification more prevalent
and conserved in yeast, insect cells, plants and mammals, there are
a lot of differences in glycosylation patterns, even between mam-
malian cell lines (Croset et al., 2012). A promising alternative to
overcome this problem has been to genetic engineering of glyco-
sylation pathways in yeast to obtain homogeneous and humanized
N-glycans (Hamilton et al., 2006; Arico et al., 2013).

Current development of DNA sequencing platforms associ-
ated to new bioinformatics tools have achieved great progress in
helminth genomics, particularly, in the search for molecules with
the potential to down-regulate the host’s immune system. For
example, possible proteins responsible for the immunomodulatory
effects of fractions from Trichuris trichiura extract were identified by
our group using a proteomics approach (Santos et al., 2013); then,
a transcriptomic analysis contributed to effective identification of
these proteins and, additionally, permitted the identification of pro-
tein orthologs of other proteins which have already been shown to
possess immunomodulatory properties (Santos et al., 2016).

Previously, the first transcriptome of Trichuris suis also provided
a number of molecules likely to be involved in immunomodula-
tion, considering the effect of this parasite on inflammatory bowel
disease (Cantacessi et al., 2011). In addition, the draft genome
assembly for T. trichiura and the reference genome and tran-
scriptome for the mouse parasite T. muris provided considerable
subsidies for the Trichuris genomic databases and identified genes
differentially expressed by sex and morphological region, which
have great importance for the understanding of host-parasite rela-
tionship (Foth et al., 2014).

In addition, a proteomics analysis of the excretory/secretory
component of Ancylostoma caninum identified a number of proteins
belonging to several classes which are expected interacting with
the host such as metalloproteases, cysteine proteases, lysozyme-
like and lectins (Mulvenna et al., 2009). In particular, helminth
secreted lectins have known participation at the host immune sys-
tem evasion (Loukas and Maizels, 2000).

Therefore, studies with the purpose of selecting proteins with
immunomodulatory activities and comparing the native proteins to
respective recombinant forms and their variants would be an excel-
lent approach to the optimization of recombinant proteins in order
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Table 1
Recombinant helminth proteins with immunoregulatory properties and strategies for their production.

protease F. hepatica Protease Suppression Murine sepsis P. pastoris 24.5kDa Collins et al.

cathepsin L macrophage-driven model; GSII5/pPICIK/ (2004); Donnelly

(rFheCL1) Th1 inflammation Macrophage Cell Methanol etal. (2010)
Culture

cytokine secretion

sigma class F. hepatica Antioxidant Supressing Th17 Denderitic Cells E. coli 24.5kDa Dowling et al.
glutathione immune response Culture (2010)
transferase

(rFhGST-si)

(rHp-CPI) H. polygyrus Cystatin Modulate DC Denderitic Cells E. coli 15,7 kDa Sun et al. (2013)
maturation and Culture and (Origami)/pET32a/
activation Co-culture with T IPTG
cells

FhHDM-1 F. hepatica Cathelicidin- It binds to and LPS-induced E. coli 9.2kDa Robinson et al.
like neutralizes LPS inflammation (BL21)/pET21b/ (2011)
IPTG

Bm-33 B. malayi Pepsin Decrease PBMC of E. coli BL21 (DE3)/  33.0kDa Krushna et al.

inhibitor lymphoproliferation individuals PRSET-A/IPTG (2011)
infected by W.
bancrofti

Cytokine Increasing IL-10 level PBMC culture E. coli BL21/p]JC45/  13.5kDa Younis et al.
homolo, IPTG (2011a)

ShTSP2 S. haematobium  Protein of the Increasing IL-10 level - E. coli - Lima et al. (2013)
tegument

As-MIF A. simplex Cytokine Increasing IL-10 and Intestinal colitis E.coli BL21 (DE3)/ 13.0kDa Cho et al. (2011);
homolog TGF-3 level and Treg and Airway alergic  pET28a/IPTG Park et al. (2009)
Recruitment inflammation

Annexin B C. sinensis Binding protein  High induction of IL-10 - E. coli 38.8kDa He et al. (2014)
(rCsANXB30) and IgG1 BL21(DE3)/pET28a/
IPTG

OVALT-2 0. volvulus Induction of T cell Spleen cell culture  E. coli BL21(DE3)/ 15.0kDa Hartmann et al.
death C40/IPTG (2013)

Galectin-9 T. leonina Lectin Increasing production DSS-induced E. coli 31.5kDa Kim et al. (2010)
of TGF-b and IL-10. intestinal BL21/pET28a/ IPTG
inflammation
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to reach or even surpass the activity promoted by native molecules
and complex extracts.

5. Conclusions

Molecular biology tools have contributed to the identification
of helminth proteins responsible for down-modulating their host’s
immune system. The strategies for their identification and produc-
tion are diverse, from random discovery to the active and rational
search for immunoregulatory molecules, together with the devel-
opment of suitable expression systems, mostly by different strains
of E. coli. Many recombinant proteins were produced in their active
forms and have mirrored the biological effects observed in infection
with live worms.

Although notorious the relevance of some posttranslational
modification for immunomodulatory activity of molecules from
parasites such as insertion of the phosphorylcholine moiety, in
many cases they do not seem essential. Around helminth recom-
binant protein described, two proteases were produced by P.
pastoris probably to take advantage of efficient secretion of cor-
rect folded form, since glycosylation does not seem important to
activity of these proteins, while all other recombinant proteins
cited here were produced by E. coli and were efficient in per-
form immunomodulatory activities. Thus, setting a great choice
of expression system, given that does not insert posttranslational
modifications that might be unnecessary and potentially immuno-
genic.

In experimental models of inflammatory disease, representing
different immune responses, the helminth recombinant pro-
teins have shown promising effects by using the aforementioned
mechanisms of immune down-regulation, such as such as induc-
ing anti-inflammatory and reducing pro-inflammatory cytokine
production, regulatory cell recruitment and immune deviation,
supporting the advance in studies to complete their characteriza-
tion.

The therapeutic potential of recombinant helminth proteins
can be further elevated by overcoming the limitations of current
expression systems to obtain molecules more similar to the native
protein that would be able to replicate the immunomodulation
observed in helminth infections. Besides, prior to considering clin-
ical treatments using these recombinant proteins, experimental
treatment protocols should be further investigated to establish the
safety of the using as well as the timing and duration of the thera-
peutic effect.

References

Anandarajah, E.M,, Ditgen, D., Hansmann, J., Erttmann, K.D., Liebau, E., Brattig,
N.W.,, 2016. SPARC (secreted protein acidic and rich in cysteine) of the
intestinal nematode Strongyloides ratti is involved in mucosa-associated
parasite-host interaction. Mol. Biochem. Parasitol. 207, 75-83.

Anné, J., Maldonado, B., Van Impe, ]., Van Mellaert, L., Bernaerts, K., 2012.
Recombinant protein production and streptomycetes. J. Biotechnol. 158,
159-167.

Arico, C., Bonnet, C., Javaud, C., 2013. N-glycosylation humanization for production
of therapeutic recombinant glycoproteins in Saccharomyces cerevisiae.
Methods Mol. Biol. 988, 45-57.

Ashour, D.S., Othman, A.A., Shareef, M.M., Gaballah, H.H., Mayah, W.W., 2014.
Interactions between Trichinella spiralis infection and induced colitis in mice.
J. Helminthol. 88, 210-218.

Assenberg, R., Wan, P.T., Geisse, S., Mayr, L.M., 2013. Advances in recombinant
protein expression for use in pharmaceutical research. Curr. Opin. Struct. Biol.
23,393-402.

Baqueiro, T., Russo, M., Silva, V., Meirelles, T., Oliveira, P., Gomes, E., Barboza, R.,
Cerqueira-Lima, A., Figueiredo, C., Pontes-de-Carvalho, L., Alcintara-Neves, N.,
2010. Respiratory allergy to Blomia tropicalis: immune response in four
syngeneic mouse strains and assessment of a low allergen-dose, short-term
experimental model. Respir. Res. 11, 51.

Bashi, T., Bizzaro, G., Ben-Ami Shor, D., Blank, M., Shoenfeld, Y., 2015. The
mechanisms behind helminth’s immunomodulation in autoimmunity.
Autoimmun. Rev. 14, 98-104.

Berriman, M., Haas, B.J., LoVerde, P.T., Wilson, R.A., Dillon, G.P., Cerqueira, G.C.,
Mashiyama, S.T., Al-Lazikani, B., Andrade, L.F., Ashton, P.D., Aslett, M.A.,
Bartholomeu, D.C., Blandin, G., Caffrey, C.R., Coghlan, A., Coulson, R., Day, T.A.,
Delcher, A., DeMarco, R., Djikeng, A., Eyre, T., Gamble, J.A., Ghedin, E., Gu, Y.,
Hertz-Fowler, C., Hirai, H., Hirai, Y., Houston, R., Ivens, A., Johnston, D.A.,
Lacerda, D., Macedo, C.D., McVeigh, P., Ning, Z., Oliveira, G., Overington, J.P.,
Parkhill, J., Pertea, M., Pierce, R.]., Protasio, A.V., Quail, M.A., Rajandream, M.A.,
Rogers, ]., Sajid, M., Salzberg, S.L., Stanke, M., Tivey, A.R., White, O., Williams,
D.L., Wortman, J., Wu, W., Zamanian, M., Zerlotini, A., Fraser-Liggett, C.M.,
Barrell, B.G., El-Sayed, N.M., 2009. The genome of the blood fluke Schistosoma
mansoni. Nature 460, 352-358.

Brannstrom, K., Sellin, M.E., Holmfeldt, P., Brattsand, M., Gullberg, M., 2009. The
Schistosoma mansoni protein Sm16/SmSLP/SmSPO-1 assembles into a
nine-subunit oligomer with potential To inhibit Toll-like receptor signaling.
Infect. Immun. 77, 1144-1154.

Brenna, @., Furnes, M.W., Drozdov, ., van Beelen Granlund, A., Flatberg, A., Sandvik,
AKX, Zwiggelaar, R.T., Marvik, R., Nordrum, L.S., Kidd, M., Gustafsson, B.I., 2013.
Relevance of TNBS-colitis in rats: a methodological study with endoscopic,
histologic and Transcriptomic [corrected] characterization and correlation to
IBD. PLoS One 8, e54543.

Cantacessi, C.,, Young, N.D., Nejsum, P., Jex, A.R., Campbell, B.E., Hall, R.S.,
Thamsborg, S.M., Scheerlinck, J.P., Gasser, R.B., 2011. The transcriptome of
Trichuris suis—first molecular insights into a parasite with curative properties
for key immune diseases of humans. PLoS One 6, e23590.

Cho, M.K,, Lee, C.H., Yu, H.S., 2011. Amelioration of intestinal colitis by macrophage
migration inhibitory factor isolated from intestinal parasites through toll-like
receptor 2. Parasite Immunol. 33, 265-275.

Choi, Y.J., Ghedin, E., Berriman, M., McQuillan, J., Holroyd, N., Mayhew, G.F.,
Christensen, B.M., Michalski, M.L., 2011. A deep sequencing approach to
comparatively analyze the transcriptome of lifecycle stages of the filarial
worm, Brugia malayi. PLoS Negl. Trop. Dis. 5, e1409.

Collins, P.R,, Stack, C.M., O'Neill, S.M., Doyle, S., Ryan, T., Brennan, G.P., Mousley, A.,
Stewart, M., Maule, A.G., Dalton, J.P., Donnelly, S., 2004. Cathepsin L1, the
major protease involved in liver fluke (Fasciola hepatica) virulence: propetide
cleavage sites and autoactivation of the zymogen secreted from gastrodermal
cells. J. Biol. Chem. 279, 17038-17046.

Croese, J., O'neil, J., Masson, J., Cooke, S., Melrose, W., Pritchard, D., Speare, R., 2006.
A proof of concept study establishing Necator americanus in Crohn’s patients
and reservoir donors. Gut 55, 136-137.

Croft, A.M., Bager, P., Kumar, S., 2012. Helminth therapy (worms) for allergic
rhinitis. Cochrane Database Syst. Rev. 4, CD009238.

Croset, A., Delafosse, L., Gaudry, J.P., Arod, C., Glez, L., Losberger, C., Begue, D.,
Krstanovic, A., Robert, F., Vilbois, F., Chevalet, L., Antonsson, B., 2012.
Differences in the glycosylation of recombinant proteins expressed in HEK and
CHO cells. ]. Biotechnol. 161, 336-348.

Cwiklinski, K., Dalton, ].P., Dufresne, P.J., La Course, ]., Williams, D.J., Hodgkinson, J.,
Paterson, S., 2015. The Fasciola hepatica genome: gene duplication and
polymorphism reveals adaptation to the host environment and the capacity for
rapid evolution. Genome Biol. 16, 71.

Danitowicz-Luebert, E., Steinfelder, S., Kiihl, A.A., Drozdenko, G., Lucius, R., Worm,
M., Hamelmann, E., Hartmann, S., 2013. A nematode immunomodulator
suppresses grass pollen-specific allergic responses by controlling excessive
Th2 inflammation. Int. . Parasitol. 43, 201-210.

Deehan, M., Goodridge, H., Blair, D., Lochnit, G., Dennis, R., Geyer, R., Harnett, M.,
Harnett, W., 2002. Inmunomodulatory properties of Ascaris suum
glycosphingolipids — phosphorylcholine and
non-phosphorylcholine-dependent effects. Parasite Immunol. 24, 463-469.

Ditgen, D., Anandarajah, E.M., Meissner, K.A., Brattig, N., Wrenger, C., Liebau, E.,
2014. Harnessing the helminth secretome for therapeutic immunomodulators.
BioMed Res. Int. 2014, 964350.

Ditgen, D., Anandarajah, E.M., Hansmann, J., Winter, D., Schramm, G., Erttmann,
K.D., Liebau, E., Brattig, N.W., 2016. Multifunctional thioredoxin-like protein
from the gastrointestinal parasitic nematodes strongyloides ratti and Trichuris
suis affects mucosal homeostasis. J. Parasitol. Res. 2016, 17.

Donnelly, S., O'Neill, S.M., Stack, C.M., Robinson, M.W., Turnbull, L., Whitchurch, C.,
Dalton, J.P., 2010. Helminth cysteine proteases inhibit TRIF-dependent
activation of macrophages via degradation of TLR3. J. Biol. Chem. 285,
3383-3392.

Dowling, D.J., Hamilton, C.M., Donnelly, S., La Course, J., Brophy, P.M., Dalton, J.,
O'Neill, S.M., 2010. Major secretory antigens of the helminth Fasciola hepatica
activate a suppressive dendritic cell phenotype that attenuates Th17 cells but
fails to activate Th2 immune responses. Infect. Immun. 78, 793-801.

Du, L, Tang, H., Ma, Z., Xu, J., Gao, W., Chen, ], Gan, W., Zhang, Z., Yu, X., Zhou, X,
Huy, X,, 2011. The protective effect of the recombinant 53 kDa protein of
Trichinella spiralis on experimental colitis in mice. Dig. Dis. Sci. 56, 2810-2817.

Du, L., Wei, H,, Li, L, Shan, H., Yu, Y., Wang, Y., Zhang, G., 2014. Regulation of
recombinant Trichinella spiralis 53 kDa protein (rTsP53) on alternatively
activated macrophages via STAT6 but not IL-4Ra in vitro. Cell. Immunol. 288,
1-7.

Ebner, F., Hepworth, M.R,, Rausch, S., Janek, K., Niewienda, A., Kiihl, A., Henklein, P.,
Lucius, R., Hamelmann, E., Hartmann, S., 2014. Therapeutic potential of larval
excretory/secretory proteins of the pig whipworm Trichuris suis in allergic
disease. Allergy 69, 1489-1497.

Fernandez, F.J., Vega, M.C., 2013. Technologies to keep an eye on: alternative hosts
for protein production in structural biology. Curr. Opin. Struct. Biol. 23,
365-373.


http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0005
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0010
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0010
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0010
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0010
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0010
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0010
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0010
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0010
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0010
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0010
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0010
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0015
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0020
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0025
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0030
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0035
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0040
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0045
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0050
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0055
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0060
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0065
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0070
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0075
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0080
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0080
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0080
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0080
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0080
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0080
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0080
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0080
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0080
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0080
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0080
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0080
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0085
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0090
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0095
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0100
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0105
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0105
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0105
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0105
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0105
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0105
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0105
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0105
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0105
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0105
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0105
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0105
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0110
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0115
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0120
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0125
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0130
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0135
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0140

210 L. Nascimento Santos et al. / Acta Tropica 166 (2017) 202-211

Fernandez-Robledo, J.A., Vasta, G.R., 2010. Production of recombinant proteins
from protozoan parasites. Trends Parasitol. 26, 244-254.

Foth, B, Tsai, L]., Reid, A.J., Bancroft, AJ., Nichol, S., Tracey, A., Holroyd, N., Cotton,
J.A., Stanley, EJ., Zarowiecki, M., Liu, J.Z., Huckvale, T., Cooper, P.J., Grencis, R.K.,
Berriman, M., 2014. Whipworm genome and dual-species transcriptome
analyses provide molecular insights into an intimate host-parasite interaction.
Nat. Genet. 46, 693-700.

Frenzel, A., Hust, M., Schirrmann, T., 2013. Expression of recombinant antibodies.
Front. Immunol. 4, 217.

Fujihara, ., Yasuda, T., Kunito, T., Fujii, Y., Takatsuka, H., Moritani, T., Takeshita, H.,
2008. Two N-linked glycosylation sites (Asn18 and Asn106) are both required
for full enzymatic activity, thermal stability, and resistance to proteolysis in
mammalian deoxyribonuclease I. Biosci. Biotechnol. Biochem. 72, 3197-3205.

Garg, S.K,, Croft, A.M., Bager, P., 2014. Helminth therapy (worms) for induction of
remission in inflammatory bowel disease. Cochrane Database Syst. Rev. 1,
CD009400.

Gasser, R.B., 2013. A perfect time to harness advanced molecular technologies to
explore the fundamental biology of Toxocara species. Vet. Parasitol. 193,
353-364.

Ghedin, E., Wang, S., Spiro, D., Caler, E., Zhao, Q., Crabtree, ]., Allen, J.E., Delcher,
A.L, Guiliano, D.B., Miranda-Saavedra, D., Angiuoli, S.V., Creasy, T., Amedeo, P.,
Haas, B., El-Sayed, N.M., Wortman, J.R., Feldblyum, T., Tallon, L., Schatz, M.,
Shumway, M., Koo, H., Salzberg, S.L., Schobel, S., Pertea, M., Pop, M., White, O.,
Barton, GJ., Carlow, C.K., Crawford, M.J., Daub, J., Dimmic, M.W., Estes, C.F.,
Foster, J.M., Ganatra, M., Gregory, W.F., Johnson, N.M,, Jin, ]., Komuniecki, R.,
Korf, I, Kumar, S., Laney, S., Li, BW., Li, W., Lindblom, T.H., Lustigman, S., Ma,
D., Maina, C.V., Martin, D.M., McCarter, J.P., McReynolds, L., Mitreva, M.,
Nutman, T.B., Parkinson, ]., Peregrin-Alvarez, ].M., Poole, C., Ren, Q., Saunders,
L., Sluder, A.E., Smith, K., Stanke, M., Unnasch, T.R., Ware, J., Wei, A.D., Welil, G.,
Williams, D.J., Zhang, Y., Williams, S.A., Fraser-Liggett, C., Slatko, B., Blaxter,
M.L, Scott, A.L., 2007. Draft genome of the filarial nematode parasite Brugia
malayi. Science 317, 1756-1760.

Ghedin, E., 2014. Panning for molecular gold in whipworm genomes. Nat. Genet.
46, 661-663.

Grabitzki, J., Ahrend, M., Schachter, H., Geyer, R., Lochnit, G., 2008. The PCome of
Caenorhabditis elegans as a prototypic model system for parasitic nematodes:
identification of phosphorylcholine-substituted proteins. Mol. Biochem.
Parasitol. 161, 101-111.

Gruden-Movsesijan, A, Ilic, N., Mostarica-Stojkovic, M., Stosic-Grujicic, S., Milic,
M., Sofronic-Milosavljevic, L., 2010. Mechanisms of modulation of
experimental autoimmune encephalomyelitis by chronic Trichinella spiralis
infection in Dark Agouti rats. Parasite Immunol. 32, 450-459.

Hiibner, M.P., Shi, Y., Torrero, M.N., Mueller, E., Larson, D., Soloviova, K., Gondorf, F.,
Hoerauf, A, Killoran, K.E., Stocker, J.T., Davies, S.J., Tarbell, K.V., Mitre, E., 2012.
Helminth protection against autoimmune diabetes in nonobese diabetic mice
is independent of a type 2 immune shift and requires TGF-. J. Immunol. 188,
559-568.

Hamilton, S.R., Davidson, R.C., Sethuraman, N., Nett, J.H., Jiang, Y., Rios, S.,
Bobrowicz, P., Stadheim, T.A,, Li, H., Choi, B.K., Hopkins, D., Wischnewski, H.,
Roser, ]., Mitchell, T., Strawbridge, R.R., Hoopes, J., Wildt, S., Gerngross, T.U.,
2006. Humanization of yeast to produce complex terminally sialylated
glycoproteins. Science 313, 1441-1443.

Hartmann, S., Kyewski, B., Sonnenburg, B., Lucius, R., 1997. A filarial cysteine
protease inhibitor down-regulates T cell proliferation and enhances
interleukin-10 production. Eur. J. Immunol. 27, 2253-2260.

Hartmann, W., Brenz, Y., Kingsley, M.T., Ajonina-Ekoti, 1., Brattig, N.W., Liebau, E.,
Breloer, M., 2013. Nematode-derived proteins suppress proliferation and
cytokine production of antigen-specific T cells via induction of cell death. PLoS
One 8, e68380.

He, L., Ren, M., Chen, X., Wang, X,, Li, S., Lin, J., Liang, C,, Liang, P., Hu, Y., Lei, H., Bian,
M., Huang, Y., Wu, Z,, Li, X,, Yu, X, 2014. Biochemical and immunological
characterization of annexin B30 from Clonorchis sinensis excretory/secretory
products. Parasitol. Res. 113, 2743-2755.

Howe, K.L,, Bolt, BJ., Cain, S., Chan, J., Chen, W.]., Davis, P., Done, J., Down, T., Gao, S.,
Grove, C., Harris, T.W., Kishore, R,, Lee, R., Lomax, J., Li, Y., Muller, H.M.,
Nakamura, C., Nuin, P., Paulini, M., Raciti, D., Schindelman, G., Stanley, E., Tuli,
M.A., Van Auken, K., Wang, D., Wang, X., Williams, G., Wright, A., Yook, K.,
Berriman, M., Kersey, P., Sched], T., Stein, L., Sternberg, P.W., 2016. WormBase
expanding to enable helminth genomic research. Nucleic Acids Res. 44
(January (D1)), D774-D780, http://dx.doi.org/10.1093/nar/gkv1217.

Hu, S., Wu, Z,, Yang, L., Fung, M.C., 2009. Molecular cloning and expression of a
functional anti-inflammatory protein, Sj16, of Schistosoma japonicum. Int. J.
Parasitol. 39, 191-200.

Hunt, V.L,, Tsai, 1.J., Coghlan, A., Reid, AJ., Holroyd, N., Foth, B.J., Tracey, A., Cotton,
J.A., Stanley, EJ., Beasley, H., Bennett, H.M., Brooks, K., Harsha, B., Kajitani, R.,
Kulkarni, A., Harbecke, D., Nagayasu, E., Nichol, S., Ogura, Y., Quail, M.A., Randle,
N., Xia, D., Brattig, N.W., Soblik, H., Ribeiro, D.M., Sanchez-Flores, A., Hayashi, T.,
Itoh, T., Denver, D.R., Grant, W., Stoltzfus, ].D., Lok, ].B., Murayama, H., Wastling,
J., Streit, A., Kikuchi, T., Viney, M., Berriman, M., 2016. The genomic basis of
parasitism in the Strongyloides clade of nematodes. Nat. Genet. 48, 299-307.

Jang, S.W.,, Cho, M.K,, Park, M.K,, Kang, S.A., Na, B.K., Ahn, S.C,, Kim, D.H,, Yu, H.S,,
2011. Parasitic helminth cystatin inhibits DSS-induced intestinal inflammation
via IL-10(+)F4/80(+) macrophage recruitment. Korean J. Parasitol. 49, 245-254.

Jefferis, R., 2016. Posttranslational modifications and the immunogenicity of
biotherapeutics. J. Immunol. Res. 2016, 5358272.

Jex, AR, Liu, S, Li, B, Young, N.D,, Hall, RS, Li, Y., Yang, L., Zeng, N., Xu, X., Xiong, Z.,
Chen, F.,, Wu, X,, Zhang, G., Fang, X., Kang, Y., Anderson, G.A., Harris, T.W.,
Campbell, B.E., Vlaminck, J., Wang, T., Cantacessi, C., Schwarz, E.M.,
Ranganathan, S., Geldhof, P., Nejsum, P., Sternberg, P.W., Yang, H., Wang, |.,
Gasser, R.B., 2011. Ascaris suum draft genome. Nature 479, 529-533.

Jex, AR, Nejsum, P., Schwarz, E.M., Hy, L,, Young, N.D., Hall, R.S., Korhonen, P.K,,
Liao, S., Thamsborg, S, Xia, J., Xu, P., Wang, S., Scheerlinck, J.P., Hofmann, A.,
Sternberg, P.W., Wang, J., Gasser, R.B., 2014. Genome and transcriptome of the
porcine whipworm Trichuris suis. Nat. Genet. 46, 701-706.

Ji, P, Hu, H,, Yang, X., Wei, X, Zhu, C,, Liy, ], Feng, Y., Yang, F., Okanurak, K., Li, N.,
Zeng, X., Zheng, H., Wu, Z., Lv, Z., 2015. AcCystatin, an immunoregulatory
molecule from Angiostrongylus cantonensis, ameliorates the asthmatic
response in an aluminium hydroxide/ovalbumin-induced rat model of asthma.
Parasitol. Res. 114, 613-624.

Kallolimath, S., Castilho, A., Strasser, R., Griinwald-Gruber, C., Altmann, F., Strubl,
S., Galuska, C.E., Zlatina, K., Galuska, S.P., Werner, S., Thiesler, H., Werneburg, S.,
Hildebrandt, H., Gerardy-Schahn, R., Steinkellner, H., 2016. Engineering of
complex protein sialylation in plants. Proc. Natl. Acad. Sci. U. S. A. 113,
9498-9503.

Kang, ].M,, Lee, K.H., Sohn, W.M.,, Na, B.K,, 2011. Identification and functional
characterization of CsStefin-1, a cysteine protease inhibitor of Clonorchis
sinensis. Mol. Biochem. Parasitol. 177, 126-134.

Kim, J.Y., Cho, M.K,, Choi, S.H., Lee, K.H., Ahn, S.C., Kim, D.H., Yu, H.S., 2010.
Inhibition of dextran sulfate sodium (DSS)-induced intestinal inflammation via
enhanced IL-10 and TGF-beta production by galectin-9 homologues isolated
from intestinal parasites. Mol. Biochem. Parasitol. 174, 53-61.

Komine-Aizawa, S., Izumi, Y., Imai, S., Fujita, K., Hayakawa, S., 2011. The
therapeutic potential of the recombinant antigen from Dirofilaria immitis
(rDiAg) for immune-mediated pregnancy loss. J. Reprod. Immunol. 92, 21-26.

Korhonen, P.K,, Young, N.D., Gasser, R.B., 2016. Making sense of genomes of
parasitic worms: tackling bioinformatic challenges. Biotechnol. Adv. 34
(September-October (5)), 663-686.

Kron, M.A., Metwali, A., Vodanovic-Jankovic, S., Elliott, D., 2013. Nematode
asparaginyl-tRNA synthetase resolves intestinal inflammation in mice with
T-cell transfer colitis. Clin. Vaccine Immunol. 20, 276-281.

Krushna, N.S., Shiny, C., Manokaran, G., Elango, S., Babu, S., Narayanan, R.B., 2011.
Immune responses to recombinant Brugia malayi pepsin inhibitor homolog
(Bm-33) in patients with human lymphatic filariaisis. Parasitol. Res. 108,
407-415.

Layland, L.E., Straubinger, K., Ritter, M., Loffredo-Verde, E., Garn, H., Sparwasser, T.,
Prazeres da Costa, C., 2013. Schistosoma mansoni-mediated suppression of
allergic airway inflammation requires patency and Foxp3+ Treg cells. PLoS
Negl. Trop. Dis. 7, e2379.

Lee, H.M., Kim, H.Y., Kang, H.J., Woo, ].S., Chae, S.W., Lee, S.H., Hwang, S.J., 2007.
Up-regulation of protease-activated receptor 2 in allergic rhinitis. Ann. Otol.
Rhinol. Laryngol. 116, 554-558.

Lima, L.M.,, Santos, S.B., Oliveira, R.R., Cardoso, L.S., Oliveira, S.C., Gées, A.M., Loukas,
A, Carvalho, E.M,, Aratjo, M.1., 2013. Schistosoma antigens downmodulate the
in vitro inflammatory response in individuals infected with human T cell
lymphotropic virus type 1. Neuroimmunomodulation 20, 233-238.

Lohman, RJ., Cotterell, A]., Suen, J., Liu, L., Do, A.T., Vesey, D.A,, Fairlie, D.P., 2012.
Antagonism of protease-activated receptor 2 protects against experimental
colitis. J. Pharmacol. Exp. Ther. 340, 256-265.

Loukas, A., Maizels, R.M., 2000. Helminth C-type lectins and host-parasite
interactions. Parasitol. Today 16, 333-339.

Miiller, M.P., Albers, M.F., Itzen, A., Hedberg, C., 2014. Exploring adenylylation and
phosphocholination as post-translational modifications. Chembiochem 15,
19-26.

Maizels, R.M., McSorley, H.J., 2016. Regulation of the host immune system by
helminth parasites. J. Allergy Clin. Immunol. 138 (3), 666-675.

Maizels, R.M., McSorley, H.J., Smyth, D.J., 2014. Helminths in the hygiene
hypothesis: sooner or later? Clin. Exp. Immunol. 177, 38-46.

Maizels, R.M., 2016. Parasitic helminth infections and the control of human allergic
and autoimmune disorders. Clin. Microbiol. Infect. 22, 481-486.

Mangiola, S., Young, N.D., Korhonen, P., Mondal, A., Scheerlinck, J.P., Sternberg,
P.W., Cantacessi, C., Hall, R.S., Jex, A.R., Gasser, R.B., 2013. Getting the most out
of parasitic helminth transcriptomes using HelmDB: implications for biology
and biotechnology. Biotechnol. Adv. 31 (8), 1109-1119.

Martin, J., Rosa, B.A., Ozersky, P., Hallsworth-Pepin, K., Zhang, X.,
Bhonagiri-Palsikar, V., Tyagi, R., Wang, Q., Choi, Y.J., Gao, X., McNulty, S.N.,
Brindley, P.J., Mitreva, M., 2015. Helminth.net: expansions to Nematode.net
and an introduction to Trematode.net. Nucleic Acids Res. 43, D698-706.

Mitreva, M., Jasmer, D.P., Zarlenga, D.S., Wang, Z., Abubucker, S., Martin, J., Taylor,
C.M,, Yin, Y., Fulton, L., Minx, P., Yang, S.P., Warren, W.C., Fulton, R.S., Bhonagiri,
V., Zhang, X., Hallsworth-Pepin, K., Clifton, S.W., McCarter, ].P., Appleton, J.,
Mardis, E.R., Wilson, RK., 2011. The draft genome of the parasitic nematode
Trichinella spiralis. Nat. Genet. 43, 228-235.

Mulvenna, J., Hamilton, B., Nagaraj, S.H., Smyth, D., Loukas, A., Gorman, J.J., 2009.
Proteomics analysis of the excretory/secretory component of the blood-feeding
stage of the hookworm, Ancylostoma caninum. Mol. Cell. Proteom. 8, 109-121.

Murray, L., Geldhof, P., Clark, D., Knox, D.P., Britton, C., 2007. Expression and
purification of an active cysteine protease of Haemonchus contortus using
Caenorhabditis elegans. Int. J. Parasitol. 37, 1117-1125.

Navarro, S., Pickering, D.A., Ferreira, 1.B., Jones, L., Ryan, S., Troy, S., Leech, A., Hotez,
P.J., Zhan, B., Laha, T., Prentice, R., Sparwasser, T., Croese, J., Engwerda, C.R.,
Upham, J.W., Julia, V., Giacomin, P.R., Loukas, A., 2016. Hookworm recombinant


http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0145
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0150
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0155
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0155
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0155
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0155
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0155
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0155
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0155
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0155
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0160
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0165
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0170
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0175
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0180
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0185
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0190
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0195
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0200
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0205
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0210
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0215
dx.doi.org/10.1093/nar/gkv1217
dx.doi.org/10.1093/nar/gkv1217
dx.doi.org/10.1093/nar/gkv1217
dx.doi.org/10.1093/nar/gkv1217
dx.doi.org/10.1093/nar/gkv1217
dx.doi.org/10.1093/nar/gkv1217
dx.doi.org/10.1093/nar/gkv1217
dx.doi.org/10.1093/nar/gkv1217
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0225
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0230
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0235
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0240
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0240
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0240
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0240
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0240
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0240
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0240
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0240
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0240
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0240
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0240
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0240
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0245
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0245
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0245
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0245
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0245
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0245
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0245
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0245
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0245
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0250
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0255
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0260
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0265
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0270
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0275
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0280
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0285
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0290
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0295
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0300
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0305
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0310
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0315
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0315
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0315
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0315
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0315
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0315
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0315
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0315
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0315
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0315
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0315
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0315
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0320
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0320
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0320
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0320
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0320
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0320
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0320
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0320
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0320
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0320
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0320
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0320
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0325
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0330
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0335
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0340
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0345
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0350
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0355
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0360
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365

L. Nascimento Santos et al. / Acta Tropica 166 (2017) 202-211 211

protein promotes regulatory T cell responses that suppress experimental
asthma. Sci. Transl. Med. 8, 362ra143.

Newlands, G.F., Skuce, P.J., Knox, D.P., Smith, S.K., Smith, W.D., 1999. Cloning and
characterization of a beta-galactoside-binding protein (galectin) from the gut
of the gastrointestinal nematode parasite Haemonchus contortus. Parasitology
119 (Pt (5)), 483-490.

Pacifico, L., Marinho, F., Fonseca, C., Barsante, M., Pinho, V., Sales-Junior, P.,
Cardoso, L., Aratijo, M., Carvalho, E., Cassali, G., Teixeira, M., Oliveira, S., 2009.
Schistosoma mansoni antigens modulate experimental allergic asthma in a
murine model: a major role for CD4+ CD25+ Foxp3+ T cells independent of
interleukin-10. Infect. Immun. 77, 98-107.

Park, S.K., Cho, M.K,, Park, HK,, Lee, K.H., Lee, S.J., Choi, S.H., Ock, M.S., Jeong, H].,
Lee, M.H,, Yu, H.S., 2009. Macrophage migration inhibitory factor homologs of
anisakis simplex suppress Th2 response in allergic airway inflammation model
via CD4 +CD25 +Foxp3+T cell recruitment. J. Immunol. 182, 6907-6914.

Parker, W., Ollerton, J., 2013. Evolutionary biology and anthropology suggest
biome reconstitution as a necessary approach toward dealing with immune
disorders. Evol. Med. Public Health 2013, 89-103.

Pfeifer, B.A., Khosla, C., 2001. Biosynthesis of polyketides in heterologous hosts.
Microbiol. Mol. Biol. Rev. 65, 106-118.

Pineda, M.A., McGrath, M.A.,, Smith, P.C., Al-Riyami, L., Rzepecka, ]., Gracie, J.A.,
Harnett, W., Harnett, M.M., 2012. The parasitic helminth product ES-62
suppresses pathogenesis in collagen-induced arthritis by targeting the
interleukin-17-producing cellular network at multiple sites. Arthritis Rheum.
64,3168-3178.

Pineda, M.A., Eason, RJ., Harnett, M.M., Harnett, W., 2015. From the worm to the
pill, the parasitic worm product ES-62 raises new horizons in the treatment of
rheumatoid arthritis. Lupus 24, 400-411.

Robinson, M.W., Donnelly, S., Hutchinson, A.T., To, J., Taylor, N.L.,, Norton, R.S.,
Perugini, M.A., Dalton, J.P., 2011. A family of helminth molecules that modulate
innate cell responses via molecular mimicry of host antimicrobial peptides.
PLoS Pathog. 7, e1002042.

Rodgers, D.T., Pineda, M.A., Suckling, CJ., Harnett, W., Harnett, M.M., 2015.
Drug-like analogues of the parasitic worm-derived immunomodulator ES-62
are therapeutic in the MRL/Lpr model of systemic lupus erythematosus. Lupus.

Roger, T., Froidevaux, C., Martin, C., Calandra, T., 2003. Macrophage migration
inhibitory factor (MIF) regulates host responses to endotoxin through
modulation of Toll-like receptor 4 (TLR4). ]. Endotoxin Res. 9, 119-123.

Sanin, D.E., Mountford, A.P., 2015. Sm16, a major component of Schistosoma
mansoni cercarial excretory/secretory products, prevents macrophage
classical activation and delays antigen processing. Parasites Vectors 8, 1.

Santos, L.N., Gallo, M.B,, Silva, E.S., Figueiredo, C.A., Cooper, P.J., Barreto, M.L.,
Loureiro, S., Pontes-de-Carvalho, L.C., Alcantara-Neves, N.M., 2013. A
proteomic approach to identify proteins from Trichuris trichiura extract with
immunomodulatory effects. Parasite Immunol. 35, 188-193.

Santos, L.N,, Silva, E.S., Santos, A.S., De Sa, P.H., Ramos, R.T., Silva, A., Cooper, P.J.,
Barreto, M.L,, Loureiro, S., Pinheiro, C.S., Alcantara-Neves, N.M., Pacheco, L.G.,
2016. De novo assembly and characterization of the Trichuris trichiura adult
worm transcriptome using lon Torrent sequencing. Acta Trop. 159,

132-141.

Schonemeyer, A., Lucius, R., Sonnenburg, B., Brattig, N., Sabat, R., Schilling, K.,
Bradley, J., Hartmann, S., 2001. Modulation of human T cell responses and
macrophage functions by onchocystatin, a secreted protein of the filarial
nematode Onchocerca volvulus. J. Immunol. 167, 3207-3215.

Schaefer, J.V., Pliickthun, A., 2012. Engineering aggregation resistance in IgG by
two independent mechanisms: lessons from comparison of Pichia pastoris and
mammalian cell expression. J. Mol. Biol. 417, 309-335.

Schwarz, F., Huang, W., Li, C., Schulz, B.L,, Lizak, C., Palumbo, A., Numao, S., Neri, D.,
Aebi, M., Wang, LX.,, 2010. A combined method for producing homogeneous
glycoproteins with eukaryotic N-glycosylation. Nat. Chem. Biol. 6, 264-266.

Shiny, C., Krushna, N.S., Babu, S., Elango, S., Manokaran, G., Narayanan, R.B., 2011.
Recombinant Wolbachia heat shock protein 60 (HSP60) mediated immune
responses in patients with lymphatic filariasis. Microbes Infect. 13, 1221-1231.

Smooker, P.M., Jayaraj, R., Pike, R.N., Spithill, T.W., 2010. Cathepsin B proteases of
flukes: the key to facilitating parasite control? Trends Parasitol. 26, 506-514.

Stack, C.M., Dalton, J.P., Cunneen, M., Donnelly, S., 2005. De-glycosylation of Pichia
pastoris-produced Schistosoma mansoni cathepsin B eliminates non-specific
reactivity with IgG in normal human serum. J. Immunol. Methods 304,
151-157.

Strachan, D.P., 1989. Hay fever, hygiene, and household size. BM] 299, 1259-1260.

Summers, R., Elliott, D., Qadir, K., Urban, J.J., Thompson, R., Weinstock, J., 2003.
Trichuris suis seems to be safe and possibly effective in the treatment of
inflammatory bowel disease. Am. ]. Gastroenterol. 98, 2034-2041.

Sun, X,, Liu, Y.H,, Lv, Z.Y., Yang, L.L,, Hu, S.M,, Zheng, H.Q., Hu, W, Cao, ].P., Fung,
M.Q., Wu, Z.D., 2010. 1Sj16, a recombinant protein of Schistosoma
japonicum-derived molecule, reduces severity of the complete Freund’s
adjuvant-induced adjuvant arthritis in rats’ model. Parasite Immunol. 32,
739-748.

Sun, X,, Lv, Z,, Peng, H., Fung, M., Yang, L., Yang, ]., Zheng, H., Liang, J., Wu, Z., 2012.
Effects of a recombinant schistosomal-derived anti-inflammatory molecular
(rSj16) on the lipopolysaccharide (LPS)-induced activated RAW264.7. Parasitol.
Res. 110, 2429-2437.

Sun, Y., Liu, G, Li, Z,, Chen, Y., Liu, Y., Liu, B., Su, Z., 2013. Modulation of dendritic
cell function and immune response by cysteine protease inhibitor from murine
nematode parasite Heligmosomoides polygyrus. Immunology 138, 370-381.

Tang, Y.T., Gao, X., Rosa, B.A., Abubucker, S., Hallsworth-Pepin, K., Martin, J., Tyagi,
R., Heizer, E., Zhang, X., Bhonagiri-Palsikar, V., Minx, P., Warren, W.C., Wang, Q.,
Zhan, B., Hotez, P.]., Sternberg, P.W., Dougall, A., Gaze, S.T., Mulvenna, ]., Sotillo,
J., Ranganathan, S., Rabelo, E.M., Wilson, R.K,, Felgner, P.L., Bethony, J., Hawdon,
J.M., Gasser, R.B., Loukas, A., Mitreva, M., 2014. Genome of the human
hookworm Necator americanus. Nat. Genet. 46, 261-269.

Tazir, Y., Steisslinger, V., Soblik, H., Younis, A.E., Beckmann, S., Grevelding, C.G.,
Steen, H., Brattig, N.W., Erttmann, K.D., 2009. Molecular and functional
characterisation of the heat shock protein 10 of Strongyloides ratti. Mol.
Biochem. Parasitol. 168, 149-157.

Tezuka, H., Imai, S., Hidano, S., Tsukidate, S., Fujita, K., 2003. Various types of
Dirofilaria immitis polyproteins selectively induce a Th2-Type immune
response. Infect. Immun. 71, 3802-3811.

Valle, C., Festucci, A., Calogero, A., Macri, P., Mecozzi, B., Liberti, P., Cioli, D., 1999.
Stage-specific expression of a Schistosoma mansoni polypeptide similar to the
vertebrate regulatory protein stathmin. J. Biol. Chem. 274, 33869-33874.

Vedadi, M., Arrowsmith, C.H., Allali-Hassani, A., Senisterra, G., Wasney, G.A., 2010.
Biophysical characterization of recombinant proteins: a key to higher
structural genomics success. J. Struct. Biol. 172, 107-119.

Vermeire, ].J., Cho, Y., Lolis, E., Bucala, R., Cappello, M., 2008. Orthologs of
macrophage migration inhibitory factor from parasitic nematodes. Trends
Parasitol. 24, 355-363.

Viehmann Milam, A.A., Maher, S.E., Gibson, J.A., Lebastchi, ]., Wen, L., Ruddle, N.H.,
Herold, K.C., Bothwell, A.L,, 2014. A humanized mouse model of autoimmune
insulitis. Diabetes 63, 1712-1724.

Wang, W,, Yuan, C,, Wang, S., Song, X., Xu, L, Yan, R,, Hasson, L.A,, Li, X., 2014.
Transcriptional and proteomic analysis reveal recombinant galectins of
Haemonchus contortus down-regulated functions of goat PBMC and
modulation of several signaling cascades in vitro. ]. Proteom. 98, 123-137.

Wang, S., Xie, Y., Yang, X., Wang, X,, Yan, K,, Zhong, Z., Xu, Y., Zhang, Y., Liu, F., Shen,
J.. 2016. Therapeutic potential of recombinant cystatin from Schistosoma
japonicum in TNBS-induced experimental colitis of mice. Parasites Vectors 9, 6.

Yang, X, Liuy, J., Yue, Y., Chen, W., Song, M., Zhan, X., Wu, Z., 2014. Cloning,
expression and characterisation of a type II cystatin from Schistosoma
japonicum, which could regulate macrophage activation. Parasitol. Res. 113,
3985-3992.

Yanming, S., Ruofeng, Y., Muleke, C.I., Guangwei, Z., Lixin, X., Xiangrui, L., 2007.
Vaccination of goats with recombinant galectin antigen induces partial
protection against Haemonchus contortus infection. Parasite Immunol. 29,
319-326.

Younis, A.E., Soblik, H., Ajonina-Ekoti, L., Erttmann, K.D., Luersen, K., Liebau, E.,
Brattig, N.W., 2011a. Characterization of a secreted macrophage migration
inhibitory factor homologue of the parasitic nematode Strongyloides acting at
the parasite-host cell interface. Microbes Infect.

Younis, A.E., Geisinger, F., Ajonina-Ekoti, 1., Soblik, H., Steen, H., Mitreva, M.,
Erttmann, K.D., Perbandt, M., Liebau, E., Brattig, N.W., 2011b. Stage-specific
excretory-secretory small heat shock proteins from the parasitic nematode
Strongyloides ratti-putative links to host’s intestinal mucosal defense system.
FEBS J. 278, 3319-3336.

Zhang, H., Zeng, X., He, S., 2014. Evaluation on potential contributions of protease
activated receptors related mediators in allergic inflammation. Mediators
Inflamm. 2014, 829068.

Zhu, X.Q., Korhonen, P.K,, Cai, H., Young, N.D., Nejsum, P., von
Samson-Himmelstjerna, G., Boag, P.R,, Tan, P., Li, Q., Min, ], Yang, Y., Wang, X.,
Fang, X, Hall, R.S., Hofmann, A, Sternberg, P.W., Jex, A.R,, Gasser, R.B., 2015.
Genetic blueprint of the zoonotic pathogen Toxocara canis. Nat. Commun. 6,
6145.

Ziegler, T., Rausch, S., Steinfelder, S., Klotz, C., Hepworth, M.R,, Kiihl, A.A., Burda,
P.C., Lucius, R, Hartmann, S., 2015. A novel regulatory macrophage induced by
a helminth molecule instructs IL-10 in CD4+ t cells and protects against
mucosal inflammation. J. Immunol. 194, 1555-1564.


http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0365
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0370
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0375
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0380
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0385
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0390
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0395
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0400
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0405
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0410
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0415
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0420
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0425
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0430
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0435
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0440
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0445
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0450
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0455
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0460
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0465
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0465
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0465
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0465
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0465
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0465
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0465
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0465
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0465
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0465
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0465
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0470
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0475
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0480
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0485
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0490
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0495
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0500
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0505
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0510
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0515
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0520
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0520
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0520
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0520
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0520
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0520
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0520
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0520
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0520
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0520
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0520
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0520
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0525
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0530
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0535
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0540
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0545
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0550
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0555
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0560
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0560
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0560
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0560
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0560
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0560
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0560
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0560
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0560
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0560
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0560
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0560
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565
http://refhub.elsevier.com/S0001-706X(16)30336-9/sbref0565

	Recombinant proteins of helminths with immunoregulatory properties and their possible therapeutic use
	1 Introduction
	2 Rational strategies for obtaining recombinant helminth molecules for therapeutics or immunoprophylaxis purposes
	3 Different classes of recombinant helminth proteins with therapeutic potential for immune-mediated diseases
	3.1 Protease inhibitors
	3.2 Proteases
	3.3 Cytokine homologs
	3.4 Heat shock proteins
	3.5 Lectins
	3.6 Other proteins

	4 Perspectives for the use of recombinant helminth molecules for immunotherapy
	5 Conclusions
	References


