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a  b  s  t  r  a  c  t

Immunomodulatory  properties  have  been  described  for  Fasciola  hepatica
excretory–secretory  products  (FhESP),  with  their interaction  with  the innate  immune
cells being  crucial  during  the  early  stages  of  infection.  Previously,  we  demonstrated  that
FhESP  induce  eosinophil  apoptosis.  In  this  work,  the  ability  of  FhESP  to induce  apoptosis
eywords:
asciola hepatica
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nfection

of  peritoneal  macrophages  was  evaluated.
These parasite  products  were  observed  to  induce  apoptosis  in peritoneal  macrophages

stimulated  in  vitro  with  FhESP,  as  well  as in cells  recovered  from  infected  mice.  The  ability
of FhESP  to  modify  the  viability  of  macrophages  by  apoptosis  induction  may  constitute  a

tendin
eritoneal macrophages
poptosis

crucial  event  for  ex

. Introduction

Fasciola hepatica causes liver fluke disease, and conse-
uently is responsible for economic losses to the global
gricultural community. Although fasciolosis used to be
nly considered of relevance in mammals such as cattle and
heep, an increasing number of reports have indicated that
his parasitosis is becoming a serious public health prob-
em in humans (McManus and Dalton, 2006). This chronic
nfection can persist for several years in the host, result-
ng in a large production of eggs and thereby contributing
o the infection’s transmission (Mas-Coma et al., 2005;

cManus and Dalton, 2006). As with other pathogens, the
Please cite this article in press as: Guasconi, L., et al., Fasc
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nnate immune system plays a crucial role in the defense
echanisms against F. hepatica, as a quick eosinophilia

nd as alternative activated macrophages (aaM�)  (Flynn

Abbreviations: aaM�,  alternative activated macrophages; DCs, den-
ritic cells; Eo, eosinophils; FhESP, excretory–secretory products from F.
epatica;  PECs, peritoneal exudate cells; pEo, peritoneal eosinophils; PI,
ropidium iodide; pM�,  peritoneal macrophages; TH, total homogenate.
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g  its survival  in the  host.
© 2012 Elsevier B.V. All rights reserved.

et al., 2010). Related to this, different experimental models
have shown that F. hepatica excretory–secretory products
(FhESP) are able to induce aaM� (Donnelly et al., 2005;
Flynn et al., 2007).

The induction of apoptosis has been observed in various
parasite infections (Lüder et al., 2001). Specifically, dif-
ferent excretory–secretory products from helminths have
been able to induce apoptosis of immune cells such as
T lymphocytes (Carneiro-Santos et al., 2000; Chow et al.,
2000; Chen et al., 2002; Tato et al., 2004) and eosinophils
(Eo) (Shin, 2000; Serradell et al., 2007), as well as of non-
immune cells such as intestinal epithelial cells (Kuroda
et al., 2002). In this regard, pro-inflammatory functions
of M� can be invalidated by the induction of apoptosis
(Adam-Klages et al., 2005), and in this work we  describe
the induction of this effect in peritoneal M� (pM�)  stimu-
lated with FhESP in vitro, and in cells derived from infected
mice.

2. Materials and methods

2.1. Reagents
iola hepatica products induce apoptosis of peritoneal
oi.org/10.1016/j.vetimm.2012.06.022

For cell cultures, RPMI-1640 is supplemented with
10% fetal bovine serum (FBS), 2 mM glutamine and
50 �g/ml gentamycin (Sigma–Aldrich Co., St Louis, MO).

dx.doi.org/10.1016/j.vetimm.2012.06.022
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Phycoerythrin-conjugated antimouse F4/80 was  bought
from Invitrogen (Carlsbad, CA). Propidium iodide (PI) was
obtained from Sigma–Aldrich. Annexin-V was  obtained
from Santa Cruz Biotechnology (Santa Cruz, CA).

2.2. FhESP preparation

Live adult worms of F. hepatica were obtained from
the bile ducts of bovine livers and then washed with
phosphate buffered saline (PBS) pH 7.4, before being incu-
bated (1 worm/2 ml  of PBS) for 3 h at 37 ◦C. Then, the
supernatant was centrifuged (10,000 rpm, 30 min, 4 ◦C),
concentrated using a high-flow YM 10 membrane filter
(Millipore-Amicon Corp., Billeria, MA), and stored at −20 ◦C
until being used.

2.3. Mice and purification of macrophages from PECs

Six to eight-week-old female BALB/c mice were pur-
chased from the Ezeiza Atomic Center (CNEA, Buenos Aires,
Argentina), housed and cared for in the animal resource
facilities of the Department of Clinical Biochemistry, Fac-
ulty of Chemical Sciences, National University of Cordoba,
following institutional guidelines. All experimental proto-
cols were approved by the Animal Experimentation Ethics
Committee, Faculty of Chemical Sciences, National Univer-
sity of Cordoba. To obtain pM�,  the peritoneal cavity was
washed with ice-cold PBS containing 0.1% FBS and 5 mM
EDTA. After determination of viability by trypan blue exclu-
sion (cell viability was >95%), PECs were re-suspended in
RPMI supplemented with 10% FBS, 2 mM glutamine and
50 �g/ml gentamycin, and adjusted to 5 × 105 cells/well in
48-well plates. The remaining adherent cells were highly
enriched for M�,  with flow cytometry analysis revealing
90% F4/80+ cells.

2.4. In vitro assays

Macrophages obtained from non-infected BALB/c mice
were stimulated with FhESP at a concentration of 50 �g/ml
for 24 or 48 h at 37 ◦C in 5% CO2.

A similar treatment was performed with J774 cells.

2.5. In vivo assays

Mice were orally infected with 10 metacercariae of F.
hepatica (Baldwin Aquatics Inc., Monmouth, OR). Then,
forty-eight hours after being infected, peritoneal lavages
were carried out and peritoneal cells were analyzed.

2.6. Cytofluorometric analysis

2.6.1. PI staining
The percentage of apoptotic cells displaying a

hypodiploid DNA peak was determined using PI staining. In
brief, 2 × 105 cells were fixed and permeabilized with 70%
Please cite this article in press as: Guasconi, L., et al., Fasc
macrophages. Vet. Immunol. Immunopathol. (2012), http://dx.d

EtOH (4 ◦C, overnight) and then stained with PI (50 mg/ml).
The fluorescence of individual nuclei was measured in
a FACS flow cytometer, with cell apoptotic nuclei being
distinguished by their hypodiploid DNA content.
 PRESS
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2.6.2. Annexin-V assay
PECs were washed twice in PBS and resuspended in

100 ml  of annexin-V binding buffer before being incubated
with FITC-conjugated annexin-V (0.5 �g/2 × 105 cells).
After 15 min  at room temperature in the dark, 400 �l of
annexin-V binding buffer and 5 �l PI solution (100 �g/ml
in PBS) were added, and the cells were then analyzed by
using flow cytometry after incubation for 5–10 min. Early
apoptotic cells were stained with annexin-V alone whereas
necrotic and late apoptotic cells were stained with both
annexin-V and PI.

2.7. Statistical analysis

Data are expressed as means ± standard errors of the
means (SEMs). The 2-tailed Student’s t-test was utilized to
determine the statistical significance, with a p value of 0.05
being considered significant. All experiments were per-
formed in triplicate and equivalent results were obtained.

3. Results and discussion

Taking into account that innate immune cells such as
peritoneal M� (pM�)  and peritoneal Eo (pEo) might play
a critical role in determining the outcome of F. hepatica
infection, the induction of apoptosis of these cells could
be important in modulating the immune response. Previ-
ous works in our laboratory have demonstrated that FhESP
are able to induce pEo apoptosis, in a dose and time depen-
dent way (Serradell et al., 2007). In the present study, we
analyzed the cell morphology by May–Grünwald–Giemsa
or by ethidium bromide staining of pM� incubated with
FhESP for 24 or 48 h, and features of apoptotic cells such
as decreased cell size, chromatin condensation and enter-
inuclei coagulated into small dense balls were observed
(data not shown). In order to evaluate the presence of
hypodiploid cells, pM� were stimulated with FhESP, and
then the percentage of hypodiploid nuclei by propidium
iodide (PI) staining was  measured. A significant increase
of hypodiploidy was observed in cells stimulated for 24
or 48 h with the parasite products (Fig. 1a, *p < 0.006 and
*p < 0.0003, respectively). Moreover, this effect was also
present in J774 cells stimulated with FhESP for 24 or 48 h
(Fig. 1b, *p < 0.044 and *p < 0.000077, respectively).

Although F. hepatica total homogenate (TH) is able to
induce aaM� (Hacarız et al., 2011), we did not observe any
changes in the viability of cells stimulated with F. hepatica
TH (data not shown).

Apoptosis induction has been previously observed in rat
pEo during the early stages of infection, as well as after peri-
toneal injection of FhESP (Serradell et al., 2007, 2009). In a
similar way, we observed a significant increase in the per-
centage of hypodiploid cells derived from the peritoneum
of infected mice after 48 h of metacercarial challenge
with respect to control animals (Fig. 2a, *p < 0.00091). In
addition, the main population of hypodiploid cells cor-
responded to the pM� (Fig. 2a, R3 population). When
iola hepatica products induce apoptosis of peritoneal
oi.org/10.1016/j.vetimm.2012.06.022

the presence of hypodiploid cells in the peritoneum of
infected mice was  evaluated 24 and 96 h after challenge,
the main effect on pM� viability was  seen to occur after
48 h of infection (data not shown). In order to confirm

dx.doi.org/10.1016/j.vetimm.2012.06.022
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ig. 1. FhESP induce apoptosis of mouse pM�.  Peritoneal macrophages 

ith  FhESP (50 �g/ml) for 24 or 48 h. Apoptosis was detected by PI stai
xperiments, analyzed in triplicate. *p < 0.05 (cells incubated with FhESP 

poptosis induction during the early stages of infection,
8 h after metacercarial challenge the peritoneal cells were
ecovered and stained with FITC-conjugated annexin-V
nd PI. As shown in Fig. 2b, the percentage of cells that
ere positive for annexin-V (*p < 0.0015), and annexin-
/PI (*p < 0.00030) was significantly increased with respect

o uninfected animals (data analyzed in the region corre-
ponding to pM�).

Other helminths have also been shown to induce apo-
tosis of different innate immune cells. For example,
richomonas vaginalis infection effectively kills M� (Jae-
o et al., 2006), filarial parasites induce apoptosis of NK
ells (Babu et al., 2007), and Brugia malayi microfilariae
nduce the death of DCs (DosReis et al., 2007). Furthermore,
ther parasites such as Schistosoma japonicum are able to
nduce Th1/Th2 cell apoptosis (Xinyu et al., 2010). There-
ore, immune cell apoptosis may  represent a way to restrict
mmunopathology in the host, as well as being a survival
trategy to modulate the immune response and maintain
Please cite this article in press as: Guasconi, L., et al., Fasc
macrophages. Vet. Immunol. Immunopathol. (2012), http://dx.d

arasite infection.
F. hepatica is able to induce apoptosis of two  impor-

ant innate immune cells (Eo and M�)  which play key
oles in the immune response developed during helminth
d from non-infected BALB/c mice (a) and J774 cells (b) were stimulated
d analyzed by flow cytometry. Data are means ± SEM of 3 independent
d with cells in medium alone).

infections. This seems to be a parasite strategy to avoid
the host immune response, and identification of the com-
ponents of F. hepatica responsible for the induction of
apoptosis may  help to clarify how this parasite directs
the immune response for its own  benefit. Ultimately, this
knowledge could be used to enhance a protective immune
response or in the application of immunosuppressive par-
asitic molecules as therapeutic agents.
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Fig. 2. F. hepatica induces apoptosis of mouse pM� during the early stages of infection. Mice were orally infected with 10 metacercariae of F. hepatica.
Forty-eight hours after infection, peritoneal cells were recovered, and apoptosis was  evaluated. The percentage of apoptotic cells displaying a hypodiploid
DNA  peak was determined using PI staining and flow cytometer analysis (a). Representative dot-plots and histograms of peritoneal cells (top panel),
evaluation in cells gated on different peritoneal cell populations (bottom panel; R1 (PECs: 73% CD11b+; 23% F4/80+; 22% B220+), R2 (lymphocytes: 81%
B220+;  20% CD11b+; 2% F4/80+) and R3 (M�:  83% F4/80+; 96% CD11b+; 9% B220+)). Furthermore, apoptosis was  evaluated by annexin-V and PI staining

lls were
ice/gro
ith cell
and  flow cytometer analysis of the M� population (b). Early apoptotic ce
were  stained with both annexin-V and PI. In the infection experiment, 4 m
analyzed in triplicate. *p < 0.05 (cells from non-infected mice compared w

Acknowledgment

We  would like to thank native speaker, Dr. Paul Hobson,
for revision of the manuscript.

References

Adam-Klages, S., Adam, D., Janssen, O., Kabelitz, D., 2005. Death recep-
tors and caspases: role in lymphocyte proliferation, cell death, and
autoimmunity. Immunol. Res. 33, 149–166.

Babu, S., Blauvelt, C.P., Nutman, T.B., 2007. Filarial parasites induce NK
cell activation, type 1 and type 2 cytokine secretion, and subsequent
apoptotic cell death. J. Immunol. 179, 2445–2456.

Carneiro-Santos, P., Martins-Filh, O., Alves-Oliveira, L.F., Silveira, A.M.S.,
Coura-Filho, P., Viana, I.R.C., Wilson, R.A., Correa-Oliveira, R., 2000.
Apoptosis: a mechanism of immunoregulation during human Schis-
tosomiasis mansoni. Parasite Immunol. 22, 267–277.

Chen, L., Rao, K.V., He, Y.X., Ramaswamy, K., 2002. Skin-stage schistoso-
mula of Schistosoma mansoni produce an apoptosis inducing factor
that can cause apoptosis of T cells. J. Biol. Chem. 13, 34329–34335.

Chow, S.C., Brown, A., Pritchard, D., 2000. The human hookworm pathogen
Necator americanus induces apoptosis in T lymphocytes. Parasite
Immunol. 22, 21–29.

Donnelly, S., O’Neill, S.M., Sekiya, M.,  Mulcahy, G., Dalton, J.P., 2005. Thiore-
Please cite this article in press as: Guasconi, L., et al., Fasc
macrophages. Vet. Immunol. Immunopathol. (2012), http://dx.d

doxin peroxidase secreted by Fasciola hepatica induces the alternative
activation of macrophages. Infect. Immun. 73, 166–173.

DosReis, G.A., Ribeiro-Gomes, F.L., Guillermo, L.V.C., Lopes, M.F., 2007.
Cross-talk between apoptosis and cytokines in the regulation of par-
asitic infection. Cytokine Growth Factor Rev. 18, 97–105.
 stained with annexin-V alone whereas necrotic and late apoptotic cells
up were analyzed. Data are means ± SEM of 3 independent experiments,

s from infected mice).

Flynn, R.J., Irwin, J.A., Olivier, M.,  Sekiya, M.,  Dalton, J.P., Mulcahy, G., 2007.
Alternative activation of ruminant macrophages by Fasciola hepatica.
Vet. Immunol. Immunopathol. 120, 31–40.

Flynn, R.J., Mulcahy, G., Elsheikha, H.M., 2010. Coordinating innate and
adaptive immunity in Fasciola hepatica infection: implications for con-
trol. Vet. Parasitol. 169, 235–240.

Hacarız, O., Sayers, G., Mulcahy, G., 2011. A preliminary study to
understand the effect of Fasciola hepatica tegument on naïve
macrophages and humoral responses in an ovine model. Vet.
Immunol. Immunopathol. 139, 245–249.

Jae-Ho, Ch., Soo-Ki, K., In-Hong, Ch., Sang-Kyou, L., Tomohiro, M.,  Eun-Ju,
Ch., 2006. Apoptosis of macrophages induced by Trichomonas vaginalis
through the phosphorylation of p38 mitogen-activated protein kinase
that locates at downstream of mitochondria-dependent caspase acti-
vation. Int. J. Biochem. Cell Biol. 38, 638–647.

Kuroda, A., Uchikawa, R., Matsuda, S., Yamada, M.,  Tegoshi, T., Arizono,
N., 2002. Up-regulation of Fas (CD95) and induction of apoptosis
in  intestinal epithelial cells by nematode-derived molecules. Infect.
Immun. 70, 4002–4008.

Lüder, C.G., Gross, U., Lopez, M.F., 2001. Intracellular protozoan parasites
and  apoptosis: diverse strategies to modulate parasite–host interac-
tions. Trends Parasitol. 17, 480–486.

Mas-Coma, S., Barques, M.D., Valero, M.A., 2005. Fascioliasis and
other plant-borne trematode zoonoses. Int. J. Parasitol. 35,
1255–1278.

McManus, D.P., Dalton, J.P., 2006. Vaccines against the zoonotic trema-
todes Schistosoma japonicum, Fasciola hepatica and Fasciola gigantic.
iola hepatica products induce apoptosis of peritoneal
oi.org/10.1016/j.vetimm.2012.06.022

Parasitology 133, S43–S61.
Serradell, M.C., Guasconi, L., Cervi, L., Chiapello, L.S., Masih, D.T.,

2007. Excretory–secretory products from Fasciola hepatica induce
eosinophil apoptosis by a caspase-dependent mechanism. Vet.
Immunol. Immunopathol. 117, 197–208.

dx.doi.org/10.1016/j.vetimm.2012.06.022


 ING Model

V

ogy and 

S

S

ARTICLEETIMM-8844; No. of Pages 5

L. Guasconi et al. / Veterinary Immunol

erradell, M.C., Guasconi, L., Masih, D.T., 2009. Involvement of
a  mitochondrial pathway and key role of hydrogen perox-
ide  during eosinophil apoptosis induced by excretory–secretory
products from Fasciola hepatica. Mol. Biochem. Parasitol. 163,
Please cite this article in press as: Guasconi, L., et al., Fasc
macrophages. Vet. Immunol. Immunopathol. (2012), http://dx.d

95–106.
hin, M.H., 2000. Excretory–secretory product of newly

excysted metacercariae of Paragonimus westermani directly
induces eosinophil apoptosis. Korean J. Parasitol. 38,
17–23.
 PRESS
Immunopathology xxx (2012) xxx– xxx 5

Tato, P., Fernandez, A.M., Solano, S., Borgonio, V., Garrido, E., Sepulveda, J.,
Molinari, J.L., 2004. A cysteine protease from Taenia solium metaces-
todes induce apoptosis in human CD4+ T-cells. Parasitol. Res. 92,
197–204.
iola hepatica products induce apoptosis of peritoneal
oi.org/10.1016/j.vetimm.2012.06.022

Xinyu, X., Xiaoyun, W.,  Ying, Ch., Lei, H., Sha, Z., Xuefeng, W.,  Jiaqing, Z.,
Feng, L., Chuan, S., 2010. Activation-induced T helper cell death con-
tributes to Th1/Th2 polarization following murine Schistosoma japon-
icum infection. J. Biomed. Biotechnol. 2010, http://dx.doi.org/10.1155/
2010/202397.

dx.doi.org/10.1016/j.vetimm.2012.06.022
dx.doi.org/10.1155/penalty -@M 2010/202397

	Fasciola hepatica products induce apoptosis of peritoneal macrophages
	1 Introduction
	2 Materials and methods
	2.1 Reagents
	2.2 FhESP preparation
	2.3 Mice and purification of macrophages from PECs
	2.4 In vitro assays
	2.5 In vivo assays
	2.6 Cytofluorometric analysis
	2.6.1 PI staining
	2.6.2 Annexin-V assay

	2.7 Statistical analysis

	3 Results and discussion
	Funding
	Acknowledgment
	References


