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Adaptation of the secretome of Echinostoma caproni may contribute
to parasite survival in a Th1 milieu
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Abstract
Echinostoma caproni (Trematoda: Echinostomatidae) is an intestinal trematode, broadly employed to study the host-dependent
mechanisms that govern the evolution of intestinal helminth infections. Resistance against E. caproni homologous secondary
infections has been reported in mice and appears to be related to the generation of a local Th2 response, whereas Th1 responses
promote the development of chronic primary infections. Herein, the ability of E. caproni to modulate its secretome according to
the host environment is investigated. A two-dimensional differential in gel electrophoresis (2D-DIGE) analysis was performed to
elucidate changes in the excretory/secretory products of E. caproni adults after primary and secondary infections in mice. A total
of 16 protein spots showed significant differences between groups, and 7 of them were successfully identified by mass spec-
trometry. Adult worms exposed to a primary infection appear to upregulate proteins involved in detoxification (aldo-keto
reductase), stress response (GroEL), and enhancement of parasite survival (acetyl-CoA A-acetyltransferase and UTP-glucose-
1-phosphate urydyltransferase). In contrast, any protein was found to be significantly upregulated after secondary infection.
Upregulation of such proteins may serve to withstand the hostile Th1 environment generated in primary infections in mice. These
results provide new insights into the resistance mechanisms developed by the parasites to ensure their long-term survival.
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Introduction

Echinostoma caproni (Trematoda: Echinostomatidae) is an
intestinal trematode with no tissue phase in the definitive host.
After infection, the metacercariae excyst in the duodenum and
the juvenile worms migrate to the ileum, where they attach to

the mucosa (Toledo et al. 2009). E. caproni has been exten-
sively employed as an experimental model for the study of the
factors that determine the establishment of chronic infections
or, in contrast, the development of resistance to intestinal hel-
minth infections (Toledo and Fried 2005). To this purpose,
two different approaches have been used: (i) comparison of
the response to primary E. caproni infections in two different
host species (mouse and rat) and (ii) comparison of the re-
sponse to primary and secondary E. caproni infections in a
single host species (mouse).

Although E. caproni has a wide range of definitive hosts,
its compatibility differs considerably between rodent species
in terms of worm survival and development (Toledo et al.
2004; Toledo and Fried 2005; Muñoz-Antolí et al. 2007). In
mice, and other hosts of high compatibility, the infection be-
comes chronic in relation to a Th1 response, important inflam-
matory responses, oxidative stress, and marked epithelial in-
jury. In contrast, in hosts of low compatibility (e.g., rat), the
worms are rejected within 2–4 weeks post-primary infection
in association with the development of a Th2 local phenotype
and only mild changes in tissue structure (Muñoz-Antoli et al.
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2007, 2014; Toledo et al. 2006; Trelis et al. 2011; Cortés et al.
2015). These facts have allowed studying the factors that de-
termine susceptibility or resistance to infection by comparing
the events that occur in mice and rats, respectively, after pri-
mary infection.

Although mouse is a permissive host for E. caproni, recent
studies have shown that a primary infection in CD1 mice
induces acquired immunity against subsequent homologous
infection manifested by reduced infection rate and worm re-
covery, and underdevelopment of adult worms (Cortés et al.
2016a; Muñoz-Antoli et al. 2016a). Susceptibility to primary
infection relies on a Th1 response, as described above, though
resistance to secondary infection is determined by a Th2 re-
sponse induced by the increase of IL-25 and mild changes in
local tissue (Cortés et al. 2016a; Muñoz-Antoli et al. 2016a,
b). Because of these characteristics, E. caproni mouse model
is being used to analyze the mechanisms generating acquired
immunity against intestinal helminths and the effector mech-
anisms leading to worm rejection.

Recently, Cortés et al. (2016b) showed that E. caproni is
able to change its secretome as an adaptation to different host
environments. The secretome of E. caproni adult worms
showed poor adaptation to the microhabitat generated in the
rat intestine, which may facilitate its rapid rejection from this
host. In contrast, the excretory/secretory profile of mice-
grown worms suggests a better adaptation of the parasite to
the Th1-type environment developed in the intestine of this
host, thereby enabling its chronic establishment. Herein, we
study the changes in the secretome of E. caproni in adults
collected after primary and secondary infections in mice.
Considering the different outcome of each type of infection,
the results may aid to the identification of the factors that
govern parasite adaptation, as an approach to develop new
strategies for the control of helminthic infections. Moreover,
the identification of proteins implicated in parasite resistance
may help to recognize useful targets for drug and vaccine
development.

Material and methods

Animals and infection procedures

A total of 28 male, CD1 mice (weighing 30–35 g) were in-
fected by gastric gavage with 75 metacercariae of E. caproni
and randomly allocated in two groups: 12mice in group A and
16mice in group B. The strain ofE. caproni employed and the
infection procedures were described previously (Fujino and
Fried 1993). Briefly, encysted metacercariae of E. caproni
were removed from kidneys and periacardial cavities of ex-
perimentally infected Biomphalaria glabrata snails and used
for infection. At 2 weeks post-primary infection, animals in
group Awere sacrificed and E. caproni adults were collected

from the small intestine. Mice in group B were maintained
infected for 4 weeks before treatment with a double dose of
100 mg/kg of praziquantel, orally administrated in alternate
days (Cortés et al. 2016a) The elimination of the intestinal
infection was confirmed by coprological examination, as pre-
viously described (Toledo et al. 2004). Two weeks after
antihelminthic treatment, these mice were secondarily infected
with 75 metacercariae and maintained for 2 weeks post-
secondary infection to collect the worms. The statistical com-
parison of the percentage of worms recovered in each group
was performed by Student’s t test for independent samples.
Animals were maintained under conventional conditions, with
food and water ad libitum. This study has been approved by the
Ethical Committee of Animal Welfare and Experimentation of
the University of Valencia (ref. #A18348501775). Adults from
primary and secondary infections were fixed in Bouin’s fluid
under coverslip pressure, stained with Grenacher’s borax car-
mine, and mounted in Canada balsam.

Obtaining of excretory/secretory products

To obtain the excretory/secretory products (ESPs), E. caproni
adults, coming either from primary or secondary infections,
were washed with pre-heated RMPI 1640 culture medium
(Gibco®, Life Technologies) and maintained at concentra-
tions of 40 worms/ml for 12 h at 37 °C in RPMI containing
100 U penicillin, 100mg/ml streptomycin, and cOmplete mini
EDTA-free protease inhibitor cocktail (Roche). After incuba-
tion, the worms were still alive. The medium was collected
and centrifuged at 15,000×g for 30 min at 4 °C. After centri-
fugation, the supernatant was collected and protein concentra-
tion was measured using Bio-Rad protein assay. To increase
the biological significance and avoid erroneous conclusions
due to individual variations, biological replicates were pre-
pared as described previously (Cortés et al. 2016b), incubating
a total of 120 worms recovered from different hosts in each
replicate. Four biological replicates were performed for each
experimental group, i.e., primary and secondary infection.

Protein labeling and two-dimensional differential
in gel electrophoresis

A total amount of 50 μg of protein from each biological repli-
cate was cleaned and precipitated with 2D Clean-up Kit (GE
Healthcare); pellets were resuspended in 18 μl of a proper buff-
er (25 mM Tris, 7 M urea, 2 M thiourea, 4% CHAPS, pH 8.5),
and proteins were fluorescently tagged with CyDye DIGE
Fluor minimal dyes (GE Healthcare), following the manufac-
turer’s instructions. One microliter of dye (400 pmol) was
added to each sample and maintained on ice for 30 min in the
dark. The reactionwas stopped by adding 1μl of 10mM lysine.
To minimize any dye-specific labeling artifacts, two biological
replicates of each experimental group were labeled with Cy3
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and the other two with Cy5. The internal standard, prepared by
mixing the same amount of protein of each sample in the ex-
periment, was always labeled with Cy2.

The ESPs were compared across four 2D-DIGE gels to
investigate differences in protein production and/or release
that may be associated with the establishment of primary
and secondary infections. Each of the four pairs of Cy3- and
Cy5-labeled biological replicates (50 μg of protein each) were
combined with a 50 μg aliquot of the Cy2-labeled internal
standard. The mixtures were then separated in the first dimen-
sion, i.e., isoelectric focusing, and the second dimension. The
IPG strips (24 cm, nonlinear pH 3–11) were rehydrated over-
night with rehydration buffer (8 M urea, 4% CHAPS, 1%
ampholytes, and 12 μl/ml of DeStreak™), and the labeled
samples were then applied to the strips by anodic cup loading,
after the addition of DTT and ampholytes up to a final con-
centration of 65 mM and 1%, respectively. The isoelectric
focusing was carried out at 20 °C in the Ettan IPGphor 3
System (GE Healthcare) as follows: (i) 300 V for 4 h, (ii)
gradient to 1000 V for 6 h, (iii) gradient to 8000 V for 3 h,
and (iv) 8000 V up to 32,000 Vh. Prior to the second dimen-
sion, the strips were equilibrated in two steps, 15 min each, in
equilibration buffer (50 mM Tris, 6 M urea, 30% glycerol, and
2% SDS) containing either 2% DTT or 2.5% iodoacetamide,
respectively. The separation of proteins in the second dimension
was performed in an Ettan DALTsix system (GE Healthcare)
using 12.5% polyacrylamide gels. Electrophoresis was run at
1 W/gel for 1 h followed by 5 h, approximately, at 15 W/gel.

Imaging and comparison of 2D protein profiles

Gels were scanned in a Typhoon™ 9400 Variable Mode
Imager (GE Healthcare) at appropriate wavelengths for each
fluorophore: Cy2 (488/520 nm), Cy3 (532/580 nm), and Cy5
(633/670 nm), and at 50-μm resolution. The nonessential in-
formation was removed using ImageQuant Tools software,
and SameSpots software (TotalLab) was employed for image
analysis. Prior to analysis, images were quality checked to
identify the internal standard and select a reference image.
The 12 gel images were then aligned to the representative
internal standard to eliminate the positional variation intro-
duced during gel electrophoresis and guarantee 100% spot
matching across all images. Spot detection was performed
with the in-built software routines and manually supervised
to ensure that each spot was well defined.Minimal editing was
needed to exclude artifacts, overlapping spots, or single spots
that were recognized as two. The edited datasets were then
transferred to the SameSpots statistical package for analysis.
Protein spots showing statistically significant differences in
the average normalized volumes between the ESPs of para-
sites recovered from primary and secondary infections were
selected using Student’s t test (p < 0.05).

Protein identification by LC-MS/MS and database
search

Differential spots were manually excised from the gel, washed
twice with double-distilled water, and digested with sequenc-
ing grade trypsin (Promega). For liquid chromatography and
tandem mass spectrometry (LC-MS/MS), digested samples
were diluted in 12 μl of 5% formic acid and 6 μl of the
resulting suspension were injected onto a 50 mm× 300 μm
C18 trap column (Agilent Technologies) using a Shimadzu
Prominance Nano HPLC. Samples were desalted on the trap
column for 5 min using 0.1% formic acid (aq) at 30 μl/min.
Peptides were then eluted onto an analytical nano HPLC col-
umn (150 mm × 75 μm 300SBC18, 3.5 μm, Agilent
Technologies) at a flow rate of 300 nL/min and separated
using a 35-min gradient of 1–40% buffer B followed by a
steeper gradient from 40 to 80% buffer B in 5 min. Buffer B
contained 90/10 acetonitrile/0.1% formic acid, and buffer A
consisted of 0.1% formic acid (aq). The column eluates were
subsequently ionized using a 5500 QTRAP system (AB
Sciex) operated in an information dependent acquisition
(IDA) mode. Full-scan TOFMS data was acquired over the
mass range 350–1400, and for product ion MS/MS 80–1400
m/z, ions observed in the TOF-MS scan exceeding a threshold
of 100 counts and a charge state of + 2 to + 5 were set to
trigger the acquisition of product ion, MS/MS spectra of the
resultant 20most intense ions. Database search was performed
using MASCOT 2.5 (Matrix-Science) search engine on the
E. caproni genome database, available online at http://
parasite.wormbase.org/Echinostoma_caproni_prjeb1207/
Info/Index/. Searches were done with tryptic specificity,
allowing one missed cleavage and a tolerance in mass
measurement of 100 ppm in MS mode and 0.6 Da for MS/
MS ions. Carbamidomethylation of Cys was used as fixed
modification and oxidation of Met and deamidation of Asn
and Gln as variable modifications. Only proteins identified
with two or more significant peptides were taken into account.
BLASTp was performed against NCBInr protein database
with taxonomy set in Trematoda.

Immunohistochemical localization of GroEL

Two-week-old E. caproni from primarily infected mice were
fixed in Karnovsky’s fixative (0.5 M glutaraldehyde, 2.5 M
formaldehyde), washed in phosphate buffer 0.1 M, pH 7.2,
and post-fixed in 2% osmium tetroxide in phosphate buffer
prior to inclusion in LR-white resin. After several washes in
water, parasites were sequentially dehydrated in 30, 50, 70,
and 96% ethanol, and incubated, for 2 h each, in 33% LR-
white resin in 96% ethanol, 66% LR-white resin in 96% eth-
anol, 66% LR-white resin in 100% ethanol, and 100% LR-
white resin in 100% ethanol. Parasite sections were blocked
for unspecific unions with a solution of 5% BSA in PBS
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containing 0.3% Triton X-100 (PBS-TX). Primary antibody,
rabbit anti-human GroEL/HSP60 (119-12691, RayBiotech),
diluted 1/20 in PBS-TX containing mouse serum 10%, was
applied overnight at 4 °C under continuous agitation. After
washing, sections were incubated with secondary antibody,
donkey anti-rabbit IgG (RPN2124, GE Healthcare) diluted
1/100 in PBS-TX, for 2 h at room temperature. Sections were
washed in PBS and revealed with a solution of 0.05% diami-
nobenzidine (Sigma-Aldrich) in water containing 0.025%
H2O2. Negative controls were processed as samples, without
incubation with primary antibody.

Total RNA extraction and RT-PCR real time

Total RNAwas isolated from full-thickness sections of the ile-
um of uninfected mice and 2 weeks after primary or secondary
infection using Real Total RNA Spin Plus Kit (Durviz), and
cDNA was synthesized using High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems) according to the man-
ufacturer’s instructions. For quantitative PCR, 9 μl of the prod-
uct of reverse transcription, diluted 1/10 in sterile water, was
added to 10 μl of TaqMan® Gene Expression Master Mix
(Applied Biosystem) and 1 μl of the pertinent TaqMan®
Gene Expression Assay: Mm99999071_m1 for IFN-γ,
Mm00445259_m1 for IL-4, Mm99999190_m1 for IL-13, and
Mm01205647_g1 for β-actin, which was used as a housekeep-
ing gene to normalize for differences in the efficiency of sample
extraction and/or cDNA synthesis. Reactions were performed
on the Abi Prism 7000 (Applied Biosystems), with the follow-
ing thermal cycler conditions: an initial step of 10 min at 95 °C
followed by 40 cycles of 15 s denaturation at 95 °C and 1 min
of anneal/extension at 60 °C each. Both samples and controls
were analyzed in triplicate. The threshold cycle (Ct) was calcu-
lated for the genes of interest and the housekeeping in each
sample and negative control, and a comparative quantification
method (2−ΔΔCt) was applied to evaluate the effect of the in-
fection on gene expression (Livak and Schmittgen 2001). The
method is based on the fact that the difference in threshold
cycles (ΔCt) between the gene of interest and the housekeeping
is proportional to the relative expression of the gene of interest.
The fold change in the target genes was normalized to β-actin
and relativized to the expression in uninfected animals to get a
relative quantification of the expression levels (Klein 2002).

Statistical analysis

Comparison of cytokine expression levels between infected
mice and basal values prior to each type of infection and levels
was performed by unpaired t test. p < 0.05 was considered as
significant. Prior to analyses, data were log transformed to
achieve normality.

Results and discussion

In order to study the ability of E. caproni to adapt its proteome
to different host milieus and its consequences in the parasite
survival, herein the secretome of adult worms exposed either
to primary and homologous secondary infections in CD1mice
has been analyzed. Primary infection is associated with the
development of chronic infections, with 100% rate of infec-
tion and high worm recoveries, concomitantly with local Th1-
type inflammatory responses and oxidative stress. In contrast,
secondary infections are characterized by the development of
partial resistance, with significantly lower infection rates and
worm recoveries, and the underdevelopment of adult worms
associated with a Th2 response and mild tissue damage
(Muñoz-Antolí et al. 2007; Cortés et al. 2016a; Muñoz-
Antolí 2016a). The present study has demonstrated the differ-
ential effect of Th1 and Th2 responses on the secretome of
E. caproni adult worms. Our results indicate that Th1 re-
sponses in primary E. caproni infections induce upregulation
of several proteins, which may facilitate the chronic establish-
ment of the parasite.

According to previous studies (Cortés et al. 2016a; Muñoz-
Antoli et al. 2016a, b), the number of worms recovered per
mouse decreased significantly in secondary infections com-
pared with primary infections (p = 0.031) (Fig. 1). Moreover,
collected worms were phenotypically different. E. caproni
from secondarily infected mice were smaller and underdevel-
oped in comparison from with worms from primary infections
(Fig. 1), though other signs of damage were not appreciated in
worms belonging to any group. These changes have been
previously attributed to the different immune response elicited
against primary and secondary infections, and they are not
related to exposure to praziquantel (Cortés et al. 2016a;
Muñoz-Antolí 2016b). Herein, gene expression levels of pro-
totypical Th1 and Th2 cytokines (IFN-γ and IL-4, IL-13, re-
spectively) were measured in the intestine of primarily and
secondarily infected mice (Fig. 2). As previously described
(Trelis et al. 2011; Muñoz-Antolí et al. 2016b), primary infec-
tion induces significant upregulation of IFN-γ mRNA, while
resistance to secondary infection is associated with augmented
levels of local IL-4 and IL-13 (Fig. 2). E. caproni adults are
known to modulate their secretome in response to the host
environment, and this can be translated into a better adaptation
and survival into some ambiences, while not others (Cortés
et al. 2016b). In order to study the influence of the distinct
immunological milieu between primary and secondary infec-
tions on parasite protein secretion, the ESPs of each type of
worms were subjected to 2D-DIGE to identify differentially
produced and/or secreted proteins. A total of 602 protein spots
matched through the four gels included in the analysis, and 16
of them showed significant statistical differences between
groups (p < 0.05) (Fig. 3 and Online Resource 1). All the
differential spots displayed higher protein abundance in the
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ESPs of worms collected from primarily infected mice, and
fold differences (F) between the average normalized volumes
for each group ranged between 1.4 and 2.7. The details of the
computational comparison are shown in Online Resource 2.

A total of seven differential protein spots were successfully
removed from gels and identified by mass spectrometry and
database search (Table 1). Among the identified proteins,
there were metabolic enzymes, such as UTP-glucose-1-
phosphate uridylyltransferase (UTPGT) (F: 1.4), acetyl-CoA
C-acetyltransferase (ACAT) (F: 1.7), and triose phosphate
isomerase (TPI) (F: 1.4); an antioxidant enzyme, belonging
to the superfamily of aldo-keto reductases (AKRs) (F: 1.8);

and the chaperonin GroEL (F: 2.4). Moreover, the structural
protein actin was identified in two spots (F: 1.6 and 1.9,
respectively).

Although the number of differentially secreted proteins
was not as high as initially expected, in view of the differences
in worm recovery and size (Fig. 1), proteomic results are con-
sistent with the environment generated in each type of infec-
tion. Th1 primary response induced upregulation of several
proteins (ACAT, AKR, UTPGT, and GroEL) related to the
response against oxidative stress and the enhancement of par-
asite survival. This fact may contribute to the long survival of
E. caproni, in spite of the hostile environmental conditions

Fig. 1 a Percentage of worms
recovered from the intestine of
infected mice at 2 weeks post-
primary and secondary infections
(wppi and wpsi, respectively). b
Representative specimens of
Echinostoma caproni adults re-
covered from each experimental
group

Fig. 2 Expression of cytokine mRNA in the intestinal tissue of CD1mice
in primary and secondary infections with Echinostoma caproni. In
primary infections, time point 0 reflects the values in naïve animals and
in secondary infections represents the basal values of cytokine expression
at the moment of infection in mice cured of a primary infection. The

relative quantities (RQ) of cytokine genes are shown after normalization
with β-actin and standardization of the relative amount against day 0
sample. Vertical bars represent the standard deviation. Asterisk indicates
significant differences with respect to respective controls at time 0 in each
type of infection (p < 0.001)
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induced by that Th1 response against primary infections in
CD1 mice.

ACAT is a member of the thiolase superfamily, which in-
cludes a number of enzymes that share a common evolution-
ary origin and high degree of sequence similarity (Igual et al.
1992; Bun-Ya et al. 1997). Eukaryotic thiolases have key roles
in many biochemical pathways, such as β-oxidation of fatty
acids, as well as in several biosynthetic routes. Moreover,
thiolases have been shown to be upregulated under stress con-
ditions, playing a crucial role in delaying aging of helminths
and extending lifespan. Loss-of-function mutations in the
ketoacyl thiolase gene (kat-1) of the model nematode
Caenorhabditis elegans resulted in premature aging and a
shortened lifespan. Under stress conditions, metabolism
switches from the use of glucose to fatty acid oxidation by
thiolases, providing further resistance and enhancing worm
survival (Berdichevsky et al. 2010). Furthermore, it has been
shown that thiolases increase the survival of organisms by
interfering with apoptosis. Cao et al. (2008) showed that the
thiolase acetyl-CoA A-acetyltransferase attenuated the pro-
apoptotic effect of BNIP3 in human cells. Genes encoding
for enzymes involved in fatty acid metabolism are intact and
expressed in several trematode species, such as Clonorchis
sinensis, while not in others as Schistosoma japonicum
(Wang et al. 2008; Zhou et al. 2009), though their roles in

the course of the infection are not well known. Lin et al.
(Lin et al. 2015) studied in detail the role of acetyl-CoA
thiolase of C. sinensis and showed that environmental condi-
tions modulate the production of this protein. Under stress
conditions, this thiolase became upregulated, increasing para-
site survival. This upregulation served to enhance the β-
oxidation of fatty acids as energy source to survive longer.
Our results support that E. caproni ACAT is modulated by
the host immune response and its overregulation may serve
to extend parasite survival in primary infections. Under the
stress milieu generated by Th1 primary response, ACAT is
upregulated concomitantly with the development of
E. caproni chronic infections. In contrast, early expulsion
and underdevelopment of adult worms in secondary infections
are associated with significantly lower production of this
enzyme.

AKRs comprise a group of structurally related proteins of a
common ancestry that have been found in a wide range of
phyla, including both prokaryotes and eukaryotes. AKRs cat-
alyze redox transformation in a number of cellular processes
that involve biosynthesis, intermediary metabolism, and de-
toxification. Substrates of AKRs include glucose, steroids,
glycosylation end-products, lipid peroxidation products, and
environmental pollutants (Barski et al. 2008; Mindnich and
Penning 2009). AKRs have been previously reported in

Fig. 3 Representative 2D-DIGE
image of Echinostoma caproni
excretory/secretory products.
Differentially abundant spots are
indicated (Table 1 and
Online Resource 2)
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E. caproni, and they seem to be secreted via exosomes
(Guillou et al. 2007; Marcilla et al. 2012; Cortés et al.
2016b). Cortés et al. (2016b) showed that the secretion of
these enzymes can be modulated by environmental condi-
tions. After a primary infection, production of E. caproni
AKR was greater in rats than in mice, probably in relation to
host-dependent factors. Herein, we have demonstrated that
using the same host species, this protein is overproduced in
an ambience of Th1 response. There is increasing recognition
of the role of AKRs in preventing toxicity, and several studies
have demonstrated that they are more active under stress con-
ditions, particularly in oxidative defense, promoting cellular
survival (Chang and Petrash 2008; Farahyar et al. 2013).

GroEL is a stress-related protein, belonging to the HSP60
family of chaperones. In eukaryotes, GroEL and li-like
chaperonin GroES are nearly identical, both structurally and
functionally, to HSP60 (Zeilstra-Ryalls et al. 1991; Horwich
et al. 2007). GroEL assists in correct folding and assembly of
proteins to avoid denaturation and also serves to prevent pro-
tein denaturation and reactivate partially denatured proteins
under stress conditions. Several toxics and stressing condi-
tions have been shown to increase transcription of GroEL.
Oxidative stress is one of the most relevant features upregu-
lating GroEL production, playing an important role for adap-
tation to adverse (Dosanjh et al. 2005; Sharma et al. 2016).
Moreover, GroEL has been found secreted in membrane frac-
tions under stress conditions, suggesting a role in the attach-
ment process of intestinal pathogens (Hennequin et al. 2001).
In order to check if E. caproni GroEL is involved in mucosal
adherence, immunolocalization was performed on parasite
sections. Contrary to our expectations, GroEL did not appear
accumulated in the tegument nor the external surface of adult
worms, but it was localized in vitelline glands and eggs
(Fig. 4), suggesting that it may have a role in proper egg
formation and maturation, to ensure parasite transmission.
According to this result, higher secretion of GroEL after pri-
mary infection may be explained by the greater development
of worms. Muñoz-Antolí et al. (2016a) showed that adults
from primary infections are more developed than those from
secondary infections, with higher metric values for different
variables, including ovary and testis. Differences in worm
growth are confirmed herein (Fig. 1), and different amount
of GroEL in ESPs may be indicative of greater gravidity of
worms in primary infections. The presence of stress-related
proteins in eggs and vitelline glands is a common fact in hel-
minths. GroEL is named as heat shock protein (HSP) 60 in
many species. HSP-60 is constitutively and extensively
expressed in Schistosoma japonicum eggs, and it has been
shown to have immunomodulatory properties (Zhou et al.
2015a). Moreover, the related protein HSP-70 is one of the
most abundant proteins in the egg secretome of Schistosoma
mansoni (Cass et al. 2007) and has been previously localized
in E. caproni eggs (Higón et al. 2008). The absence of GroEL

in the tegument is not surprising since it has been shown that
that there is no direct relationship between the amounts of this
kind of chaperones in tegument and that present in excretory/
secretory products (Higón et al. 2008).

Another protein associated with virulence and pathogen
survival that have been found upregulated in E. caproni pri-
mary infections is UTPGT (alternatively named glucose
pyrophosphorylase). UTPGT is involved in carbohydrate me-
tabolism, specifically in glycogenesis, synthesizing UDP-
glucose from glucose-1-phosphate and uridine triphosphate.
Several studies have identified a number of genes encoding
proteins involved in carbohydrate metabolism to be of impor-
tance for pathogen survival (Klein et al. 2012). Among these
genes, that encoding UTPGT (galU) appeared to play a major
role (Klein et al. 2012).Moreover, it has been shown that galU
gene and its product are essential for the success of infections.
Priebe et al. (2004) showed that blocking of the galU gene in
Pseudomonas aeruginosa inhibited its ability to infect the
cornea of mice and the systemic spread of the bacteria after
lung infection. Similarly, galU gene has been also found to be
critical for pathogenesis and survival of other bacteria
(Sandlin et al. 1995; Chang et al. 1996; Rioux et al. 1999;
Nesper et al. 2001; Kohler et al. 2002). In the protozoan
Leishmania major, depletion of this gene resulted in altered
expression of lipophosphoglycan and reduced growth and vir-
ulence of the parasite (Damerow et al. 2015). In our study, we
have observed that fewer production of UTPGT occurs con-
comitantly with early rejection of E. caproni adult worms in
secondary infections in mice. Although further studies are
required, our results suggest that this protein may be involved
in E. caproni survival in its definitive host.

The potential role of upregulation of E. caproni TPI in
primary infections in mice is difficult to ascertain. TPI has
been previously reported in ESPs of E. caproni, and it was
found to be secreted via exosomes (Marcilla et al. 2012).
Moreover, this protein has been also reported in several trem-
atodes, such as Opisthorchis viverrini, C. sinensis, Fasciola
hepatica, or Schistosoma spp. (Saijuntha et al. 2009; Zinsser
et al. 2013a, b; Dai et al. 2014; Zhou et al. 2015b). This protein
is a key regulatory enzyme of glycolisis and glycogenesis,
playing an essential role in the metabolism and development
of most organisms (Knowles 1991). TPI catalyzes the conver-
sion of dihydroxyacetone phosphate and D-glyceraldehyde 3-
phosphate. Then, D-glyceraldehyde 3-phosphate is further
processed in the glycolytic pathway to pyruvate, permitting
production of ATP and NADH. Without this reaction, there
would be no production of ATP through the glycolytic path-
way. Furthermore, TPI participates in other biological func-
tions related to the development of trematodes including en-
ergy and metabolite generation, reproduction, and processing
of metabolites and nutrient factors (Zhou et al. 2015b). In
primary E. caproni infections in mice, higher expression of
TPI may serve as an energy provider for adult worms,
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promoting the survival of the parasite in an adverse milieu.
Zhou et al. (2015b) suggested that C. sinensis TPI is essential
in the first steps of the infection, to invade the definitive host
and to the transformation of juvenile into adult worms.
However, the role of TPI should be studied further. It is known
that oxidative stress induces redirection of carbohydrate flux,
to the generation NADH at the expense of the pentose phos-
phate pathway (Godon et al. 1998). This makes difficult to
explain the upregulation of TPI in primary infections in mice,
though it could be a mechanism to compensate repression of
glycolysis induced by oxidative stress.

Herein, we have shown that the local immune response and
the alterations mediated by this response influence the
secretome of E. caproni and this has implications for parasite
survival. Adult worms exposed to a primary infection in mice
upregulate a number of proteins involved in detoxification
processes, response to stress, and enhancement of parasite
survival. This may serve to withstand the Th1 environment,
with inflammatory response and oxidative stress, generated as
a consequence of a primary infection, resulting in the devel-
opment of chronic infections. In contrast, Th2 environment in
secondary infections did not induce significant upregulation

Fig. 4 a Localization of GroEL by immunohistochemistry on worms at 2 weeks post-primary infection. b Negative control. vg vitelline glands, e eggs
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of any protein in the secretome of E. caproni, coinciding with
the early rejection of worms. This confirms that E. caproni
appears to be better adapted to grow in a Th1 type than in a
Th2 environment, which may explain, at least in part, the
course of E. caproni infection in each milieu.

Acknowledgements This work was supported by Ministerio de
Economía y Competitividad (Madrid, Spain) (grant number BFU2016-
75639-P); Conselleria d’Educació, Generalitat Valenciana (Valencia,
Spain) (grant number PROMETEO2014-083 Fase II), and from
Ministerio de Sanidad y Consumo (Madrid, Spain) (No. RD12/0018/
0013, Red de Investigación Cooperativa en Enfermedades Tropicales
(RICET), IV National Program of I+D+I 2008-2011, ISCIII—
Subdirección General de Redes y Centros de Investigación Cooperativa
and FEDER).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Statement on welfare of animals All applicable international, national,
and institutional guidelines for the care and use of animals were followed.
All procedures performed in studies involving animals were in accor-
dance with the ethical standards of the institution at which the studies
were conducted.

Statement on human rights This article does not contain any studies
with human participants performed by none of the authors.

References

Barski OA, Tipparaju SM, Bhatnagar A (2008) The aldo-keto reductase
superfamily and its role in drugmetabolism and detoxification. Drug
Metab Rev 40(4) :553–624. h t tps : / /do i .o rg /10 .1080/
03602530802431439

Berdichevsky A, Nedelcu S, Boulias K, Bishop NA, Guarente L, Horvitz
HR (2010) 3-Ketoacyl thiolase delays aging of Caenorhabditis
elegans and is required for lifespan extension mediated by sir-2.1.
Proc Natl Acad Sci U S A 107(44):18927–18932. https://doi.org/10.
1073/pnas.1013854107

Bun-Ya M, Maebuchi M, Hashimoto T, Yokota S, Kamiryo T (1997) A
second isoform of 3-ketoacyl-CoA thiolase found inCaenorhabditis
elegans, which is similar to sterol carrier protein x but lacks the
sequence of sterol carrier protein 2. Eur J Biochem 245(2):252–
259. https://doi.org/10.1111/j.1432-1033.1997.t01-1-00252.x

Cao W, Liu N, Tang S, Bao L, Shen L, Yuan H, Zhao X, Lu H (2008)
Acetyl-coenzyme A acyltransferase 2 attenuates the apoptotic ef-
fects of BNIP3 in two human cell lines. Biochim Biophys Acta
1780(6):873–880. https://doi.org/10.1016/j.bbagen.2008.02.007

Cass CL, Johnson JR, Califf LL, Xu T, Hernandez HJ, Stadecker MJ,
Yates JR 3rd, Williams DL (2007) Proteomic analysis of
Schistosoma mansoni egg secretions. Mol Biochem Parasitol
155(2):84–93. https://doi.org/10.1016/j.molbiopara.2007.06.002

Chang HY, Lee JH, Deng WL, Fu TF, Peng HL (1996) Virulence and
outer membrane properties of a galU mutant of Klebsiella
pneumoniae CG43. Microb Pathog 20(5):255–261. https://doi.org/
10.1006/mpat.1996.0024

Chang Q, Petrash JM (2008) Disruption of aldo-keto reductase genes
leads to elevated markers of oxidative stress and inositol auxotrophy

in Saccharomyces cerevisiae. Biochim Biophys Acta 1783(2):237–
245. https://doi.org/10.1016/j.bbamcr.2007.08.008

Cortés A, Sotillo J, Muñoz-Antoli C, Fried B, Esteban JG, Toledo R
(2015) Altered protein expression in the ileum of mice associated
with the development of chronic infections with Echinostoma
caproni (Trematoda). PLoS Negl Trop Dis 9(9):e0004082. https://
doi.org/10.1371/journal.pntd.0004082

Cortés A, Sotillo J, Muñoz-Antoli C, Martin-Grau C, Esteban JG, Toledo
R (2016a) Resistance against Echinostoma caproni (Trematoda)
secondary infections in mice is not dependent on the ileal protein
production. J Proteome 140:37–47. https://doi.org/10.1016/j.jprot.
2016.03.034

Cortés A, Sotillo J, Muñoz-Antoli C, Trelis M, Esteban JG, Toledo R
(2016b) Definitive host influences the proteomic profile of
excretory/secretory products of the trematode Echinostoma caproni.
Parasit Vectors 9:185

Dai Y,Wang X, Zhao S, Tang J, Zhang L, Dai J, ZengM, Lu S, Zhu Y, Su
C (2014) Construction and evaluation of replication-defective re-
combinant optimized triosephosphate isomerase adenoviral vaccina-
tion in Schistosoma japonicum challenged mice. Vaccine 32(7):
771–778. https://doi.org/10.1016/j.vaccine.2013.12.059

Damerow S, Hoppe C, Bandini G, Zarnovican P, Buettner FF, Luder CG,
Ferguson MA, Routier FH (2015) Depletion of UDP-glucose and
UDP-galactose using a degron system leads to growth cessation of
Leishmaniamajor. PLoSNegl TropDis 9(11):e0004205. https://doi.
org/10.1371/journal.pntd.0004205

Dosanjh NS, Rawat M, Chung JH, Av-Gay Y (2005) Thiol specific ox-
idative stress response in mycobacteria. FEMS Microbiol Lett
249(1):87–94. https://doi.org/10.1016/j.femsle.2005.06.004

Farahyar S, Zaini F, Kordbacheh P, Rezaie S, Safara M, Raoofian R,
Heidari M (2013) Overexpression of aldo-keto-reductase in azole-
resistant clinical isolates ofCandida glabrata determined by cDNA-
AFLP. Daru 21:1

Fujino T, Fried B (1993) Echinostoma caproni and E. trivolvis alter the
binding of glycoconjugates in the intestinal mucosa of C3H mice as
determined by lectin histochemistry. J Helminthol 67(03):179–188.
https://doi.org/10.1017/S0022149X00013110

Godon C, Lagniel G, Lee J, Buhler JM, Kieffer S, PerrotM, Boucherie H,
Toledano MB, Labarre J (1998) The H2O2 stimulon in
Saccharomyces cerevisiae. J Biol Chem 273(35):22480–22489.
https://doi.org/10.1074/jbc.273.35.22480

Guillou F, Roger E, Mone Y, Rognon A, Grunau C, Theron A, Mitta G,
Coustau C, Gourbal BE (2007) Excretory-secretory proteome of
larval Schistosomamansoni andEchinostoma caproni, two parasites
of Biomphalaria glabrata. Mol Biochem Parasitol 155:45–56

Hennequin C, Collignon A, Karjalainen T (2001) Analysis of expression
of GroEL (Hsp60) of Clostridium difficile in response to stress.
Microb Pathog 31:255–260

Higón M, Monteagudo C, Fried B, Esteban JG, Toledo R, Marcilla A
(2008) Molecular cloning and characterization of Echinostoma
caproni heat shock protein-70 and differential expression in the par-
asite derived from low- and high-compatible hosts. Parasitology
135(12):1469–1477. https://doi.org/10.1017/S0031182008004927

Horwich AL, Fenton WA, Chapman E, Farr GW (2007) Two families of
chaperonin: physiology and mechanism. Annu Rev Cell Dev Biol
23(1):115–145. https://doi.org/10.1146/annurev.cellbio.23.090506.
123555

Igual JC, Gonzalez-Bosch C, Dopazo J, Perez-Ortin JE (1992)
Phylogenetic analysis of the thiolase family. Implications for the
evolutionary origin of peroxisomes. J Mol Evol 35(2):147–155

Klein D (2002) Quantification using real-time PCR technology: applica-
tions and limitations. Trends Mol Med 8(6):257–260. https://doi.
org/10.1016/S1471-4914(02)02355-9

Klein KA, Fukuto HS, Pelletier M, Romanov G, Grabenstein JP, Palmer
LE, Ernst R, Bliska JB (2012) A transposon site hybridization screen
identifies galU and wecBC as important for survival of Yersinia

956 Parasitol Res (2018) 117:947–957

https://doi.org/10.1080/03602530802431439
https://doi.org/10.1080/03602530802431439
https://doi.org/10.1073/pnas.1013854107
https://doi.org/10.1073/pnas.1013854107
https://doi.org/10.1111/j.1432-1033.1997.t01-1-00252.x
https://doi.org/10.1016/j.bbagen.2008.02.007
https://doi.org/10.1016/j.molbiopara.2007.06.002
https://doi.org/10.1006/mpat.1996.0024
https://doi.org/10.1006/mpat.1996.0024
https://doi.org/10.1016/j.bbamcr.2007.08.008
https://doi.org/10.1371/journal.pntd.0004082
https://doi.org/10.1371/journal.pntd.0004082
https://doi.org/10.1016/j.jprot.2016.03.034
https://doi.org/10.1016/j.jprot.2016.03.034
https://doi.org/10.1016/j.vaccine.2013.12.059
https://doi.org/10.1371/journal.pntd.0004205
https://doi.org/10.1371/journal.pntd.0004205
https://doi.org/10.1016/j.femsle.2005.06.004
https://doi.org/10.1017/S0022149X00013110
https://doi.org/10.1074/jbc.273.35.22480
https://doi.org/10.1017/S0031182008004927
https://doi.org/10.1146/annurev.cellbio.23.090506.123555
https://doi.org/10.1146/annurev.cellbio.23.090506.123555
https://doi.org/10.1016/S1471-4914(02)02355-9
https://doi.org/10.1016/S1471-4914(02)02355-9


pestis in murine macrophages. J Bacteriol 194(3):653–662. https://
doi.org/10.1128/JB.06237-11

Knowles JR (1991) To build an enzyme. Philos Trans R Soc Lond Ser B
Biol Sci 332(1263):115–121. https://doi.org/10.1098/rstb.1991.
0039

Kohler H, Rodrigues SP, McCormick BA (2002) Shigella flexneri inter-
actions with the basolateral membrane domain of polarized model
intestinal epithelium: role of lipopolysaccharide in cell invasion and
in activation of the mitogen-activated protein kinase ERK. Infect
Immun 70(3):1150–1158. https://doi.org/10.1128/IAI.70.3.1150-
1158.2002

Lin J, Qu H, Chen G, He L, Xu Y, Xie Z, Ren M, Sun J, Li S, Chen W,
Chen X,Wang X, Li X, Liang C, Huang Y, Yu X (2015) Clonorchis
sinensis acetoacetyl-CoA thiolase: identification and characteriza-
tion of its potential role in surviving in the bile duct. Parasit
Vectors 8:125

Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression
data using real-time quantitative PCR and the 2(−Delta Delta C(T))
method. Methods 25(4):402–408. https://doi.org/10.1006/meth.
2001.1262

Marcilla A, Trelis M, Cortés A, Sotillo J, Cantalapiedra F, Minguez MT,
Valero ML, Sanchez del Pino MM, Muñoz-Antoli C, Toledo R,
Bernal D (2012) Extracellular vesicles from parasitic helminths con-
tain specific excretory/secretory proteins and are internalized in in-
testinal host cells. PLoS One 7(9):e45974. https://doi.org/10.1371/
journal.pone.0045974

Mindnich RD, Penning TM (2009) Aldo-keto reductase (AKR) super-
family: genomics and annotation. Hum Genomics 3(4):362–370

Muñoz-Antoli C, Cortés A, Martin-Grau C, Fried B, Esteban JG, Toledo
R (2016a) Partial resistance to homologous challenge infections of
the digenean Echinostoma caproni in ICR mice. J Helminthol
90(04):428–433. https://doi.org/10.1017/S0022149X1500053X

Muñoz-Antoli C, Cortés A, Santano R, Sotillo J, Esteban JG, Toledo R
(2016b) Interleukin-25 induces resistance against intestinal trema-
todes. Sci Rep 6:34142. https://doi.org/10.1038/srep34142

Muñoz-Antoli C, Cortés A, Sotillo J, Fried B, Esteban JG, Toledo R
(2014) Differential expression and glycosylation of proteins in the
rat ileal epithelium in response to Echinostoma caproni infection. J
Proteome 101:169–178. https://doi.org/10.1016/j.jprot.2014.02.014

Muñoz-Antoli C, Sotillo J, Monteagudo C, Fried B, Marcilla A, Toledo R
(2007) Development and pathology of Echinostoma caproni in ex-
perimentally infected mice. J Parasitol 93(4):854–859. https://doi.
org/10.1645/GE-1091R.1

Nesper J, Lauriano CM, Klose KE, Kapfhammer D, Kraiss A, Reidl J
(2001) Characterization of Vibrio cholerae O1 El tor galU and galE
mutants: influence on lipopolysaccharide structure, colonization,
and biofilm formation. Infect Immun 69(1):435–445. https://doi.
org/10.1128/IAI.69.1.435-445.2001

Priebe GP, Dean CR, Zaidi T, Meluleni GJ, Coleman FT, Coutinho YS,
NotoMJ, Urban TA, Pier GB, Goldberg JB (2004) The galU gene of
Pseudomonas aeruginosa is required for corneal infection and effi-
cient systemic spread following pneumonia but not for infection
confined to the lung. Infect Immun 72(7):4224–4232. https://doi.
org/10.1128/IAI.72.7.4224-4232.2004

Rioux S, Galarneau C, Harel J, Frey J, Nicolet J, Kobisch M, Dubreuil
JD, Jacques M (1999) Isolation and characterization of mini-Tn10
lipopolysaccharide mutants of Actinobacillus pleuropneumoniae se-
rotype 1. Can J Microbiol 45(12):1017–1026. https://doi.org/10.
1139/w99-107

Saijuntha W, Sithithaworn P, Chilton NB, Petney TN, Klinbunga S,
Satrawaha R, Webster JP, Andrews RH (2009) Impact of temporal

changes and host factors on the genetic structure of a population of
Opisthorchis viverrini sensu lato in KhonKaen Province (Thailand).
Parasitology 136(09):1057–1063. https://doi.org/10.1017/
S0031182009006441

Sandlin RC, Lampel KA, Keasler SP, Goldberg MB, Stolzer AL,
Maurelli AT (1995) Avirulence of rough mutants of Shigella
flexneri: requirement of O antigen for correct unipolar localiza-
tion of IcsA in the bacterial outer membrane. Infect Immun
63(1):229–237

Sharma A, Rustad T, Mahajan G, Kumar A, Rao KV, Banerjee S,
Sherman DR, Mande SC (2016) Towards understanding the biolog-
ical function of the unusual chaperonin Cpn60.1 (GroEL1) of
Mycobacterium tuberculosis. Tuberculosis (Edinb) 97:137–146.
https://doi.org/10.1016/j.tube.2015.11.003

Toledo R, Espert A, Carpena I, Muñoz-Antoli C, Fried B, Esteban JG
(2004) The comparative development of Echinostoma caproni
(Trematoda: Echinostomatidae) adults in experimentally infected
hamsters and rats. Parasitol Res 93(6):439–444. https://doi.org/10.
1007/s00436-004-1161-1

Toledo R, Esteban JG, Fried B (2009) Chapter 3. Recent advances in the
biology of Echinostomes. Adv Parasitol 69:147–204. https://doi.
org/10.1016/S0065-308X(09)69003-5

Toledo R, Fried B (2005) Echinostomes as experimental models for in-
teractions between adult parasites and vertebrate hosts. Trends
Parasitol 21(6):251–254. https://doi.org/10.1016/j.pt.2005.04.006

Toledo R, Monteagudo C, Espert A, Fried B, Esteban JG, Marcilla A
(2006) Echinostoma caproni: intestinal pathology in the golden
hamster, a highly compatible host, and the Wistar rat, a less compat-
ible host. Exp Parasitol 112(3):164–171. https://doi.org/10.1016/j.
exppara.2005.11.003

Trelis M, Sotillo J, Monteagudo C, Fried B, Marcilla A, Esteban JG,
Toledo R (2011) Echinostoma caproni (Trematoda): differential
in vivo cytokine responses in high and low compatible hosts. Exp
Parasitol 127(2):387–397. https://doi.org/10.1016/j.exppara.2010.
09.004

Wang MC, O’Rourke EJ, Ruvkun G (2008) Fat metabolism links
germline stem cells and longevity in C. elegans. Science
322(5903):957–960. https://doi.org/10.1126/science.1162011

Zeilstra-Ryalls J, Fayet O, Georgopoulos C (1991) The universally
conserved GroE (Hsp60) chaperonins. Annu Rev Microbiol 45:
301–325

Zhou J, Liao H, Li S, Zhou C, Huang Y, Li X, Liang C, Yu X (2015a)
Molecular identification, immunolocalization, and characterization
of Clonorchis sinensis triosephosphate isomerase. Parasitol Res
114(8):3117–3124. https://doi.org/10.1007/s00436-015-4530-z

Zhou S, Jin X, Chen X, Zhu J, Xu Z,Wang X, Liu F, HuW, Zhou L, Su C
(2015b) Heat shock protein 60 in eggs specifically induces tregs and
reduces liver immunopathology in mice with schistosomiasis japon-
ica. PLoS One 10(9):e0139133. https://doi.org/10.1371/journal.
pone.0139133

Zhou Y, Zheng H, Chen Y, Zhang L, Wang K (2009) The Schistosoma
japonicum genome reveals features of host-parasite interplay.
Nature 460:345–351

Zinsser VL, Farnell E, Dunne DW, Timson DJ (2013a) Triose phosphate
isomerase from the blood fluke Schistosoma mansoni: biochemical
characterisation of a potential drug and vaccine target. FEBS Lett
587(21):3422–3427. https://doi.org/10.1016/j.febslet.2013.09.022

Zinsser VL, Hoey EM, Trudgett A, Timson DJ (2013b) Biochemical
characterisation of triose phosphate isomerase from the liver fluke
Fasciola hepatica. Biochimie 95(11):2182–2189. https://doi.org/10.
1016/j.biochi.2013.08.014

Parasitol Res (2018) 117:947–957 957

https://doi.org/10.1128/JB.06237-11
https://doi.org/10.1128/JB.06237-11
https://doi.org/10.1098/rstb.1991.0039
https://doi.org/10.1098/rstb.1991.0039
https://doi.org/10.1128/IAI.70.3.1150-1158.2002
https://doi.org/10.1128/IAI.70.3.1150-1158.2002
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1371/journal.pone.0045974
https://doi.org/10.1371/journal.pone.0045974
https://doi.org/10.1017/S0022149X1500053X
https://doi.org/10.1038/srep34142
https://doi.org/10.1016/j.jprot.2014.02.014
https://doi.org/10.1645/GE-1091R.1
https://doi.org/10.1645/GE-1091R.1
https://doi.org/10.1128/IAI.69.1.435-445.2001
https://doi.org/10.1128/IAI.69.1.435-445.2001
https://doi.org/10.1128/IAI.72.7.4224-4232.2004
https://doi.org/10.1128/IAI.72.7.4224-4232.2004
https://doi.org/10.1139/w99-107
https://doi.org/10.1139/w99-107
https://doi.org/10.1017/S0031182009006441
https://doi.org/10.1017/S0031182009006441
https://doi.org/10.1016/j.tube.2015.11.003
https://doi.org/10.1007/s00436-004-1161-1
https://doi.org/10.1007/s00436-004-1161-1
https://doi.org/10.1016/S0065-308X(09)69003-5
https://doi.org/10.1016/S0065-308X(09)69003-5
https://doi.org/10.1016/j.pt.2005.04.006
https://doi.org/10.1016/j.exppara.2005.11.003
https://doi.org/10.1016/j.exppara.2005.11.003
https://doi.org/10.1016/j.exppara.2010.09.004
https://doi.org/10.1016/j.exppara.2010.09.004
https://doi.org/10.1126/science.1162011
https://doi.org/10.1007/s00436-015-4530-z
https://doi.org/10.1371/journal.pone.0139133
https://doi.org/10.1371/journal.pone.0139133
https://doi.org/10.1016/j.febslet.2013.09.022
https://doi.org/10.1016/j.biochi.2013.08.014
https://doi.org/10.1016/j.biochi.2013.08.014

	Adaptation of the secretome of Echinostoma caproni may contribute to parasite survival in a Th1 milieu
	Abstract
	Introduction
	Material and methods
	Animals and infection procedures
	Obtaining of excretory/secretory products
	Protein labeling and two-dimensional differential in gel electrophoresis
	Imaging and comparison of 2D protein profiles
	Protein identification by LC-MS/MS and database search
	Immunohistochemical localization of GroEL
	Total RNA extraction and RT-PCR real time
	Statistical analysis

	Results and discussion
	References


