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ABSTRACT. Hydatidosis is a parasitic disease caused by the development, in humans and other mammals, of the
larval form of Taenia, Echinococcus granulosus. It is one of the world’s major zoonotic infections. This study aimed to
examine interleukin-6 (IL-6), interferon-� (IFN-�) and interleukin-17A (IL-17A) production in patients with cystic
echinococcosis (CE), and the role of IL-17A in the modulation of the immune response against the extracellular
parasite, E. granulosus. A relationship between IL-6, IL-17A production and C reactive Protein (CRP) levels was
also assessed. IL-6, IFN-�, IL-17A and CRP production were determined in serum from Algerian hydatid patients.
Cytokine production was also measured in supernatants from cultures of peripheral blood mononuclear cells
(PBMCs) from hydatid patients stimulated by a major parasitic antigen (antigen-5). The increased activity of IL-6,
IFN-� and IL-17A were observed in most serum samples from patients. In contrast, healthy controls showed only
minor levels. Similarly, high levels of CRP were detected. Our in vitro results indicate a positive correlation between
IL-6, IFN-� and IL-17A production in PBMC culture supernatants. However, IL-6, IFN-� and IL-17A activity was
low in serum and supernatants of PBMC cultures from relapsing patients, and there was no evidence of an immune
response against parasitic antigen. Collectively, our results show that IL-17A was produced during human cystic
echinococcosis, and was involved in the host defense mechanisms against the extracellular parasite E. granulosus.
Our data suggest that IL-17A plays an immunoprotective role in this parasitic, helminth infection.
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uman hydatidosis is severe, chronic, parasitic disease,
aused by the larval stage of the cestode Echinococcus
ranulosus [1]. It constitutes a serious public health prob-
em in various parts of the world, particularly in Algeria
2]. This parasitic, helminth infection usually manifests as
nilocular cyst(s) mainly located in the liver and/or lungs or
ther viscera of the intermediate host. It is characterized by
prolonged coexistence of the parasite, E. granulosus and

he host with no effective rejection reaction. The variabil-
ty and severity of the clinical expression of this parasitosis
re associated with the duration and intensity of infection.
hey are also related to the variety of human immuno-

ogical responses to hydatic antigens [3]. The clini-

al evolution of these cysts is silent for several months, and
he symptoms are not specific. Diagnosis is difficult and
urgery constitutes the only treatment. Parasitic infections
re often associated with cytokine production [4-11].
Interleukin-6 (IL-6) is a pleiotropic cytokine with central
roles in immune and inflammatory reactions [12, 13]. IL-6
first binds to the IL-6 receptor (IL-6R), this complex then
associates with gp130, inducing dimerization and the ini-
tiation of signaling through signal transducer and activator
of transcription-3 (STAT3) [14-18].
A lineage of IL-17-producing CD4+ T helper (Th17) cells
[19-23], which are distinct from Th1 and Th2 cells, was
recently discovered and was shown to be crucial in autoim-
mune diseases and defense against extracellular bacteria
[24, 25]. Th17 cells produce IL-17 (IL-17)-A and F, IL-6,
IL-21, IL-22, and TNF-�, which, in turn, act on fibroblasts,
macrophages, and endothelial and epithelial cells to elicit

inflammatory mediator and chemokine release [26, 27].
Th17 differentiation is thought to be mediated by the
combined effects of the transcription factors ROR�t and
ROR�, which are dependent on STAT-3, requires IL-1�,
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nterleukin-17A correlates with interleukin-6 production in hum

L-6, IL-21, TGF-� [28-31], and the expression of the
CR6 chemokine receptor [32]. The Th17 response has
een linked to the pathogenesis of several inflammatory
nd autoimmune diseases, such as multiple sclerosis, psori-
sis, rheumatoid arthritis, colitis, autoimmune encephalitis
33] and schistosomiasis [34].

-reactive protein (CRP) is an acute phase marker most
ommonly used to detect inflammation in the body, and
o monitor the activity of a range of inflammatory condi-
ions. Infection and inflammation are the most common
auses of an elevated CRP level [35]. A positive correla-
ion between CRP and IL-6 has been previously reported
n several diseases [36].

e have previously shown the role of cytokines Th1 and
h2 in human hydatidosis [11]. Our analysis of circulat-

ng cytokine production in serum from hydatid patients
howed the immunoprotective role of Th1 cytokines, espe-
ially IFN-� and IL-12, and pathological role of Th2
ytokines during E. granulosus infection.

he present study was focused on determining the role
f IL-17A in the immune response against E. granulosus
nfection. We investigated IL-6, IFN-� and IL-17A pro-
uction in serum from Algerian hydatic patients with liver
nd lung hydatid cysts. IL-6, IFN-� and IL-17A were also
etermined in PBMC culture supernatants from patients
timulated by a major parasitic antigen (antigen-5). We
ave also assessed a relationship between IL-6, IL-17A
roduction and CRP levels.

ATIENTS AND METHODS

ubjects

lood samples were obtained from 65 (27 males and 38
emales) Algerian, hydatid patients, tested before and after
urgery (one week before and 72 h after surgical removal).
atients were admitted to the Mustapha Bacha Hospital
Department of surgery, Algiers, Algeria). The age range
f these patients with cystic echinococcosis was 22-64
ears, with a mean of 33 ± 12 years. Patients with conco-
itant diseases were excluded. None of the patients had

ver received a blood transfusion and no pharmacological
reatment had been given before had bleeding occurred.
he clinical diagnosis was confirmed surgically by the
resence of cysts in each case (Department of Surgery
nd Laboratory of Parasitology). Hydatid cysts were local-
zed in the liver (n = 27) and lung (n = 23). We observed
5 relapse cases (two years after surgery). Healthy con-
rols (n = 25 from the same region in Algeria) were adult
olunteer blood donors, none of whom showed positive
mmunoreactivity when tested with passive hemagglutina-
ion, immunoelectrophoresis and ELISA using antigen-5.
ealthy control subjects were between 20 and 47 years old,
ith a mean age of 28 ± 11 years. The serological response

o E. granulosus was evaluated in each case using passive
emagglutination, immunoelectrophoresis and ELISA for
otal IgG tested against major parasitic antigen (antigen-
) prepared from fertile human cysts. Each patient had

iven a written, formal consent for the study required by
he ethic committee of the National Agency of Research
evelopment in Health (ANDRS), which supported our
roject.
tic echinococcosis 113

Serum collection
Blood samples collected from healthy donors and patients
were centrifuged at 3,000 rpm for 10 min to obtain the
serum. Hemolysed serum was excluded from this study.
All serum samples were immediately stored at -80◦C until
analysis.

Antigen-5 preparation

Hydatic cyst fluid collection
Crude, hydatid cystic fluid (HCF) samples were collected
by aseptic puncture of fertile hydatid cysts removed by
surgery from hydatic patients. The hydatid cysts were
localized in the liver. The HCF was filtered to elimi-
nate the remaining hydatid membranes. It was centrifuged
at5000 rpm/min (15 min, +4◦C), and the sediment checked
for the presence of protoscolices. Finally, the cyst super-
natant was stored at -20◦C until antigen-5 preparation.

Antigen-5 preparation
Antigen-5 was prepared by chromatography on sephadex
G-200. Eluted peaks were detected by spectroscopy
recording at 280 nm and were analyzed by immuno-
electrophoresis and ELISA using a specific rabbit
hyperimmune serum against anti-antigen-5 for the detec-
tion. Antigen-5 was localized in the second eluted peak
corresponding to a molecular weight of about 65 kDa.
The eluted fractions were pooled, lyophilized and used for
induction of IL-6 and IL-17A production.

Mononuclear cell preparation and cell cultures

Mononuclear cells were prepared from peripheral blood of
patients with liver hydatidosis (n = 27) and healthy donors
(n = 25).The mononuclear cells were separated by Ficoll-
Hypaque density (1.077 mg/mL, Sigma, Saint Louis, USA)
gradient centrifugation at 2600 rpm over 15 min. The
mononuclear cell fraction at the interface was collected
and washed twice with RPMI 1640 medium (1600 rpm,
10 min). Cell viability was assessed by trypan blue dye
exclusion and adjusted to 5.106 cells/mL in RPMI 1640
medium supplemented with 5% fetal calf serum, inacti-
vated at 56◦C for 30 min, 15 mM Tris pH 7.5, 2 mM
glutamine, 100 IU/mL penicillin, 100 �g/mL streptomycin
and 10 �g/mL gentamicin. Cells were then cultured in 48-
well plates (final volume of 0.5 mL) in the presence or
absence of antigen-5 (10 �g/mL) and incubated for 18-20 h
at 37◦C in a humidified atmosphere containing 5% CO2 in
air. Cultures were centrifuged at 12 000 rpm for 15 min
and supernatants were collected and frozen at -80◦C until
cytokine determination.

Cytokine quantification (ELISA)

Levels of IL-17A, IFN-� and IL-6 in serum and
supernatant of PBMC cultures were quantified by enzyme-
linked immunosorbent assays (ELISA) (LABSYSTEM)
as recommended in the manufacturer’s instructions

(Immunotech, Coulter Company-France for IFN-� and
IL-6 and Invitrogen for IL-17A). Optical density was
measured at 405 nm. These assays detected only human
cytokines.
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Figure 1
IL-6 (A), IFN-� (B) and IL-17A (C) levels in serum from Algerian
hydatid patients with liver (n = 27) and lung (n = 23) hydatidosis,
one week before surgery and 72 h after surgical removal of cysts,
and from healthy controls (n = 25). Cytokine levels are quantified as
described in Methods and materials, and are presented as the mean
± SD pg/mL corresponding to the results obtained from triplicate
14

RP

RP levels were measured in serum from patients with
iver hydatidosis before and after surgery (n = 27) via

system of automated analyzers based on nephelome-
ry (Behring Nephelometer Analyzer, Behring, Germany).
hey were expressed as mg/L.

tatistical analysis

ll data were expressed as means and standard deviations
mean ± SD). Student’s test was used for comparisons
etween different means. Differences were considered sta-
istically significant for p value ≤0.05.

ESULTS

-IL-6, IFN-� and IL-17A levels in serum from
ydatid patients with liver and lung hydatidosis,
efore and after surgical removal of cysts

nalysis of circulating cytokine levels revealed that those
f IL-6, IFN-� and IL-17A were significantly increased in
ll patients in comparison with healthy controls.
erum from patients with liver cyst had significantly
igher IL-6 (145.24 ± 11.5 pg/mL) and IFN-� (18.99 ±
2.31 IU/mL) levels before surgery than healthy donors
erum (6.32 ± 3.11 pg/mL for IL-6 and 2.05 ± 0.83 IU/mL
or IFN-�) (***P<0.0001) (figures 1A-B). Similarly,
L-17A (93.44 ± 7.83 pg/mL) levels measured in the same
erum from hydatic patients are higher compared to levels
rom control subjects (8.01 ± 3.01 pg/mL) (***P<0.0001)
figure 1C). We noted with interest that IL-6, IFN-� and
L-17A production correlated with immunoreactivity
gainst parasitic antigen, suggesting that immunostimu-
ation by the parasitic antigen is involved in the immune
esponse leading to IL-IL-6, IFN-� and IL-17A production.
n order to determine a possible relationship between
yst location and cytokine production in vivo, serum
L-6, IFN-� and IL-17A levels were assessed. We
bserved that patients with liver cysts showed the
ost elevated serum IL-6, IFN-� and IL-17A levels

145.24 ± 11.5 pg/mL; 18.99 ± -2.31 IU/mL and
3.44 ± 7.83 pg/mL respectively, before surgery versus
83.46±13.2; 8.93±1.44 IU/mL and 125.36±7.9 pg/mL
espectively, after surgery) as compared with patients with
ung cysts (105.76 ± 8.9 pg/mL; 13.32 ± 1.66 IU/mL
nd 75.63 ± 6.73 pg/mL respectively, before surgery ver-
us 133.54 ± 10.42 pg/mL; 6.14 ± 1.34 IU/mL and
7.56 ± 8.13 pg/mL respectively, after surgery) (figures
A-C). These results suggest that cystic location is strongly
elated to cytokine induction.
n this study, we explored the effect of the surgical
emoval of cysts on IL-6, IFN-� and IL-17A levels. Analy-
is of cytokine production, before and after surgery,
n serum from hydatid patients with liver hydatidosis
howed that the IL-6 and IL-17A levels observed following
urgery were higher, 72 h after surgical removal of cysts
145.24 ± 11.5 pg/mL versus 183.46 ± 13.2 pg/mL for
L-6 and 93.44 ± 7.83 pg/mL versus 125.36 ± 7.9 pg/mL

or IL-17A), than those of IFN-�, which declined rapidly
18.99 ± -2.31 IU/mL versus 8.93 ± 1.44 IU/mL). Thirty
ays after surgery, IL-6, IFN-� and IL-17A levels were
ery low and almost comparable to the detected levels
assays. Differences are statistically significant for p value ≤0.05
between two groups.

in healthy donors (15.01 ± 5.6 pg/mL for IL-6;
4.47 ± 1.22 IU/mL for IFN-�; 10.69 ± 3.73 pg/mL for
IL-17) (figures 2A-C). The reduction in IL-6, IFN-� and
IL-17A levels correlated with the loss of immunoreactivity
against antigen-5, suggesting that this antigen was involved
in triggering the host response.
In contrast, patients who relapsed two years after surgery
exhibited no significant IL-6 (4.63 ± 1.6 pg/mL), IFN-�
(1.03 ± 0.52 IU/mL) or IL-17A (3.13 ± 2.23 pg/mL)
levels compared to levels detected in patients and healthy
donors. These patients displayed no immunoreactivity
against antigen-5 (figures 2A-C).
Our results indicate that, in addition to the clinical stage
and cystic location, there is a relationship between disease
progression and cytokine production.
CRP levels were also examined in serum from patients with
liver hydatid disease before and after surgery. High CRP
levels were detected in serum from patients before surgery
in comparison with healthy donors (table 1). Seventy two

hours after surgical removal of the cysts, the mean levels
of CRP showed significant increases. These elevated serum
CRP levels returned to normal thirty (30) days after surgery
(table 1). CRP levels correlated significantly with IL-6
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Figure 2
Effect of surgical removal of the cysts on IL-6, IFN-� and IL-17A
levels.
IL-6 (A), IFN-� (B) and IL-17A (C) levels in serum from Algerian
hydatid patients with liver hydatidosis (n = 27), 72 h, 30 days and
two years after surgical removal of cysts (patients who relapsed two
years after surgery, n = 15) and healthy controls (n = 25). Serum was
analyzed in triplicate for human IL-6, IFN-� and IL-17 by ELISA, and
cytokines levels are presented as the mean ± SD pg/mL. Differences
are statistically significant for p value ≤0.05 between two groups.

(
p
r
t

in patients and healthy donors (3,42 ± 1.02 pg/mL and
3.78 ± 1.07 pg/mL for IL-6; 1,29 ± 0.33 IU/mL and
1.22 ± 0.45 IU/mL for IFN-�; 2,42 ± 0.73 pg/mL and
2.62 ± 0.81 pg/mL for IL-17A, respectively, before and

C
b
S

r = 0.91; p<0.001), IL-17A (r = 0.85; p<0.001) and a
ositive immune response against antigen-5 (table 1). Our
esults suggest that increased serum CRP levels may be due
o an increased production of IL-6 and probably IL-17A.
Table 1
Comparison of serum cytokine and CRP lev

Serum Cystic localization Clinical stage Serological re
against antige

n = 27 Liver b +

n = 27 Liver a +

n = 27 Liver c -

Healthy

donors n = 25 - 6.32 ± 3.11

RP levels correlated significantly with IL-6 (r = 0.91), IL-17A (r = 0.85), and a positive im
: before surgery; a: after surgery; c: thirty (30) days after surgery; CRP: C reactive protein
erological reaction against antigen-5; (-): positive serological reaction against antigen-5
tic echinococcosis 115

Antigen-5-mediated IL-6, IFN-� and IL-17A
production by PBMC from hydatidic patients

IL-6, IFN-� and IL-17A production was measured in
PBMC culture supernatants from hydatic patients with
liver hydatidosis (n = 27), before and after surgery,
and healthy donors (n = 25). Before antigen stimula-
tion, significantly higher IL-6 (27.42 ± 4.2 pg/mL and
44.28 ± 5.03 pg/mL, before and after surgery respec-
tively), IFN-� levels (16.53 ± 2.03 IU/mL and 11.76 ±
-1.40 IU/mL respectively, before and after surgery) and
IL-17A (19.12 ± 2.68 pg/mL and 36.51 ± 3.72 pg/mL,
before and after surgery respectively) were observed in
patient PBMC supernatants in comparison with healthy
donor PBMC supernatants (5.06 ± 1.8 pg/mL; for IL-6;
1.34 ± 0,81 IU/mL for IFN-� and 3.22 ± 0.55 pg/mL for
IL-17A. There were significantly higher IL-6 and IL-17A
levels in post-surgical patient supernatants compared to
pre-surgical supernatants (figures 3A,C).
After antigen-5-stimulation of PBMC cultures from
hydatid patients and healthy donors, we observed a sub-
sequent increase in IL-6 and IFN-� levels in patient
supernatants (46.25 ± 3.93 pg/mL and 71.37 ± 4.35 pg/mL
for pre- and post-surgical supernatants respectively for
IL-6; 24.03 ± 2.42 IU/mL and 19.77 ± 1.76 IU/mL
for pre- and post-surgical supernatants respectively
for IFN-�), and only 9.14 ± 2.12 pg/mL and
2.23 ± 1.01 IU/mL***P<0.0001 for IL-6 and IFN-�
control PBMC supernatants respectively. Interestingly,
IL-17A production measured in the same supernatants,
showed a marked difference in stimulated PBMCs from
hydatid patients (32.28 ± 3.21 pg/mL and 59.63 ± 3.93
for pre- and post-surgical supernatants respectively), in
comparison to those observed for PBMCs from healthy
donors (6.56 ± 1.24 pg/mL;***P<0.0001). We observed
with interest, a concomitant increase in IL-6, IFN-� and
IL-17A production in the PBMC supernatants stimulated
by antigen-5 (figures 3A,C).
In contrast, relapsing patients did not respond to antigen
stimulation and their PBMCs did not secrete significant
amounts of IL-6, IFN-� or IL-17A when stimulated with
parasitic antigen (antigen-5). In fact, patients who relapsed
two years after surgery exhibited no significant IL-6, IFN-�
and IL-17A levels in supernatants before or after antigen-5
stimulation of PBMC cultures compared to those detected
els (mean ± SD) in subjects studied.

action
n-5

[IL-6]pg/mL [IL-17A] pg/ mL CRP (mg/L)

145.24 ± 11.5 93.44 ± 7.83 19.63 ± 7.3

183.46 ± 13.2 125.36 ± 7.9 42.33 ± 11.7

15.01 ± 5.6 10.69 ± 3.73 6.88 ± 2.4

8.01 ± 3.01 4.26 ± 0.45

mune response against antigen-5
; (+): positive
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Figure 3
Correlation between IL-6, IFN-� and IL-17A levels in supernatants
of peripheral blood mononuclear cell (PBMC) cultures from hydatid
patients stimulated with antigen-5. IL-6 (A), IFN-� (B) and IL-
17A (C) levels produced in the PBMC supernatants from hydatid
patients with liver hydatidosis (n = 27), and from relapsing patients
(patients who relapsed two years after surgery, n = 15) were tested
before and after surgery (one week before surgical removal of cysts
and 72h after), and healthy donors (n = 25) in response to antigen-
5 (10�g/mL). IL-6, IFN-� and IL-17A levels are presented as the
mean ± SD pg/mL corresponding to the results obtained from tripli-
c
b

a
s
4
1
2
a

D

T
6
T
s
i
a

cells would, in turn, enhance the microbicidal activity of
ate assays. Differences are statistically significant for p value ≤0.05
etween two groups.

fter surgical removal of the cysts), and after antigen-5
timulation of PBMC cultures (4.04 ± 1.17 pg/mL and
.08 ± 1.2 pg/mL for IL-6; 1.42 ± 0.55 IU/mL and
.31 ± 0.66 IU/mL for IFN-�;2.80 ± 0.85 pg/mL and
.96 ± 0.92 pg/mL for IL-17A, respectively, before and
fter surgical removal of the cysts) (figures 3A,C).

ISCUSSION

he results reported here show the involvement of IL-
, IFN-� and IL-17A in the host anti-hydatic response.
he increased IL-6, IFN-� and IL-17A levels observed in

erum from hydatid patients before surgery, suggested the
mplication of these cytokines in host defence mechanisms
gainst the parasitic infection.
D. Mezioug, C. Touil-Boukoffa

Our results are in line with those reported by many authors
showing the role of IL-6 and IFN-� in the host, anti-hydatic
response [6, 7, 9, 11, 37-39]. Several intra-cellular parasitic
diseases, such as infection by Leishmania [4, 8, 40, 41] and
Plasmodium [42, 43], showed similar high circulating IL-6
and IFN-� levels in patient serum. IL-6 is also induced by
viral infections, auto-immune diseases, chronic inflamma-
tion, lymphoid malignancy or lipopolysaccharides [44].
IL-17 is part of a relatively new cytokine family that
exhibits potent inflammatory activities, both alone and in
concert with other cytokines. Increased expression of IL-17
has been reported in many clinical conditions, particularly
rheumatoid arthritis and lung infections [45].
Emerging data suggest the crucial role of Th17 cells
in mounting an immune response for both intracellular
and extracellular pathogens. Both IL-17A and IL-17F are
induced in several models of infections, suggesting the
involvement of this newly described helper subset [26-46].
IL-17 was shown to be important in the protection against
Leishmania braziliensis, Leishmania donovani [47], and
Toxoplasma gondii infections [48]. Many pathogens,
including Mycobacteria and Pneumocystis carinii, induce
IL-23 secretion from infected macrophages and dendritic
cells that helps in the generation of Th17 cells. In addition
to fungal pathogens [49], IL-17 is also essential for the
protection against gram-negative bacteria, including Kleb-
siella pneumoniae [50] and Pseudomonas aeruginosa [51].
A role for IL-17 in Lyme disease has also been reported:
both human and mouse T cells produced increased amounts
of IL-17 in response to the Borrellia burgdorferi infection.
Although it is well established that Th1 cells play a pro-
tective role in immunity to many pathogens, there is very
limited information on the role of IL-17 in protective
immunity towards infection. It has been suggested that a
major function of IL-17 is to stimulate the production of
CSF (GM-CSF and G-CSF), which increases the produc-
tion of neutrophils, monocytes, and CXCL chemokines
such as CXCL8 (IL-8), CXCL1, and CXCL6 (GCP2),
which serve as potent chemoattractants for neutrophils
[52], or CXCL10 (IP10), which acts as a chemoattractant
for Th1 cells [53]. It is well established that neutrophils
are important, both as effectors and as modulators of the
immune response via secreted molecules such as IL-12.
IL-17 also increases the production of IL-6, which has
proinflammatory and regulatory effects on the immune
response.
It has been demonstrated that Th17 may bridge the gap
between innate and adaptive immunity and could attract
other subsets of Th cells and cells of the innate compart-
ment, including neutrophils and macrophages, to sites of
infection, to enable efficient clearing of the pathogens.
Th17 cells are required for a recall response of mice vac-
cinated with M. tuberculosis antigen, as they promote the
recruitment of Th1 in the lungs by stimulating the release
of mediators such as CXCL10 [54]. Th17 cells could play
the same role in L. donovani infections. Naturally-resistant
subjects with enhanced IL-17 responses would thus react
more rapidly to L. donovani, attracting strong effectors of
innate immunity and recruiting Th1 cells to tissues. These
phagocytes. Thus, Th17 and Th1 cells may play comple-
mentary roles in protection against L. donovani, with both
being required for complete protection. In this association
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etween Th1 and Th17 responses, Th1 cells may play the
mportant role of downregulating the Th17 response after
he infection is controlled, thereby preventing tissue dam-
ge resulting from out-of-control expansion of the Th17
ell population [55].

he clinical stage and antigenic burden appeared to influ-
nce IL-6, IFN-� and IL-17A production. As reported
bove, IL-6, IFN-� and IL-17A levels were high in presur-
ical patients. Seventy two hours after surgery, circulating
L-6 and IL-17A levels increased. Nevertheless, thirty days
fter surgical removal, circulating IL-6, IFN-� and IL-17A
evels were very low. The reduction in IL-6, IFN-� and IL-
7A levels correlated with the loss of immunoreactivity
gainst antigen-5, suggesting that this antigen was involved
n triggering the host response. These results indicate that
he reduction in IL-6, IFN-� and IL-17A production, and
he loss of immunoreactivity, were due to the fact that surgi-
al removal of the cysts drastically reduced the availability
f soluble parasitic antigen, especially the major antigen 5.

he higher serum IL-6 and IL-17A levels observed 72 h
fter surgery, in the absence of postoperative complication
uch as infection, was probably due to surgical stress and
ubsequent activation of immune responses. Cruickshank
t al. and Yamauchi et al. reported that surgical interven-
ion induces a cytokine response depending on the type of
peration and severity of surgical trauma [56, 57]. Several
uthors have showed the effect of surgery on components
f the human immune system. It has been demonstrated
hat surgery induced a series of inflammatory responses
uch elevation of body temperature and leukocytosis, and
ncreased acute phase reactants [58, 59]. Current evidence
uggests that these responses are mediated by proinflam-
atory cytokines such as IL-6 and probably IL-17, which

re produced locally and enter the blood stream very soon
fter surgery.

erum levels of CRP were also determined before and after
urgical intervention. Substantial amounts of CRP were
etected in serum from hydatid patients before surgery.
t was significantly increased 72 h after surgical removal
f the cysts. The most probable reason for this was surgi-
al stress. A positive correlation between CRP, IL-6 and
L-17A was found, confirming the relationship between
nflammation due to cystic echinococcosis and activation
f monocytes. Our results suggest that echinococcosis
auses activation of monocytes via increased production
f IL-6 and IL-17A and in turn increasing CRP pro-
uction. Such activation was enhanced during surgery as
urgical stress can trigger the production of inflammatory
ytokines.

positive correlation between CRP and IL-6 has been
reviously reported in several diseases [60, 61].

ur results support the role of IL-6 [62], and probably
L-17A, in the induction of CRP synthesis. Many authors
ave demonstrated that IL-6 and IL-17 have a very
mportant role in the mediation of immunoinflammatory
vents [63, 64].

ndru et al. and Mackiewicz et al. reported that IL-6 acts
n liver cells as a hepatocyte-stimulating factor, and induce

arious acute-phase proteins such as CRP, �2 –fibrinogen,
aptoglobin and hemopexin, in synergy with IL-1 and
NF-� [65, 66]. IL-17 has pro-inflammatory properties
nd induces fibroblasts, endothelial cells, macrophages,
tic echinococcosis 117

and epithelial cells to produce several inflammatory medi-
ators, leading to inflammation.
In addition to the clinical stage, our results indicate that
cyst location also was related to the intensity of cytokine
induction. Patients bearing hepatic cysts have higher serum
cytokine levels in comparison with those with cysts in the
lungs. The data were in agreement with a previously pub-
lished report indicating that cyst location determines the
host immune response. Cesbron et al. reported that hep-
atic hydatid cysts were expected to provide the highest
amounts of antigen, probably because of the good vascu-
larity of this major filtering organ [67]. Moreover, Vidor
et al. and Craig and Nelson showed that hepatic cysts are
more permeable than pulmonary cysts [68, 69].
IL-6, IFN-� and IL-17A production was also measured in
peripheral blood mononuclear cell (PBMC) culture super-
natants from hydatic patients. PBMC from patients with
liver hydatidosis, re-stimulated by the parasitic antigen,
antigen-5, responded actively to the antigen stimulation
by an increased release of IL-6, IFN-� and IL-17A, as
compared to healthy controls and relapsing patients.
These results confirm the involvement of parasitic antigen
in the immune response leading to IL-6, IFN-� and IL-17A
induction.
Concomitant increases in IL-6, IFN-� and IL-17A levels,
produced in the PBMC supernatants from patients, were
observed with interest. The role of IL-6 in Th17 differen-
tiation has been clearly demonstrated [71, 72]. Our results
indicate that stimulation with antigen-5 induced Th1 and
Th17 cells. Furthermore, the cytokines secreted by these T
cell subtypes may contribute to protection against E. gran-
ulosus.
In our study, significantly lower IL-6, IFN-� and IL-17A
levels were observed both in serum, and in supernatants of
PBMC cultures from relapsing patients who did not display
any immune response towards parasitic antigen (antigen-
5). These data support the notion of a strong relationship
between disease progression and cytokine production.
The concomitant decrease in IL17A and IFN-� in the
relapse stage is probably related to the development of
evasion strategies by the macroparasites leading to host
defense inhibition. This evasion mechanism seems to be
related to the reduction in the ability of Th17 and Th1 cell
subsets to respond to the parasitic antigen in the relapse
stage of hydatidosis. The decrease in IL-17A and IFN-�
induction indicate a reduction in sensitivity, and proba-
bly a lack of memory aptitude for the parasitic antigen in
relapsing patients.
This mechanism remains to be clarified in adapted experi-
mental models of echinococcosis. In our previous study, we
showed that Th1 cytokines are related to a good prognosis
in hydatidosis. In contrast, Th2 cytokines correlated with
susceptibility to the disease and were associated with clini-
cal complications (relapsing) and secondary localizations
[11]. Our current study seems to suggest a beneficial, pre-
ventive effect of IL17 A and IFN-� against E. granulosus
in humans.
Our results are in agreement with recent data reported
by Jiao-Yu et al., showing no differences in IFN-� and

IL-17A serum levels between the patients with chronic
cystic echinococcosis and healthy controls. This obser-
vation supports the hypothesis that during chronic cystic
echinococcosis infection, altered TLR2 and TLR4 expres-
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ion might be involved in cytokine modulation, which
llows the parasite to escape host immunosurveillance
nd promotes chronic E. granulosus infection [70].Touil-
oukoffa et al., showed that leukocytes from relapsing
atients did not secrete significant amounts of IFN-� when
timulated with antigen-5, which is linked to a decreased
D4+ T-cell count [38].
ollectively, the present study provides evidence that IL-
7A is produced in Algerian patients during E. granulosus
nfection Its production correlates with IL-6 and IFN-�
roduction, and varies according to cystic localization,
linical stage, immunoreactivity against parasitic antigen,
nd disease progression. Our results suggest that IL-17A,
n addition to IFN-�, plays a role in protection against
. granulosus. These findings should stimulate the deve-

opment of new strategies for preventing this severe and
evastating parasitic disease responsible for the deaths of
arge numbers of people in countries in which it is endemic.
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