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Abstract Different MHC haplotype of Kazakh sheep has
different resistance and susceptibility of hydatidosis. Notably,
the Mvalbe-Sacllab-Hinllab haplotype of MHC-DRB1 exon
two was associated with resistance hydatidosis. In order to
analyze the antibody and cytokine responses to hydatidosis in
Kazakh sheep with hydatidosis resistance haplotype, eight
Kazakh sheep with the haplotype of Mvalbc-Sacllab-Hinllab
were chosen as the test group, and other eight, which were
not associated with hydatidosis resistance or susceptibility,
were taken as control. After experimentally infected with
hydatid orally, the blood was collected on 0, 7, 14, 30, 45, 60,
75, 90, 105, and 120 days. Serum and mRNA level of the
cytokines IL-2, IFN-y, TNF-x, IL-4, and IL-10 were
evaluated by ELISA and fluorescence quantitative real-time
polymerase chain reaction, respectively. The total white blood
cells and leukomonocytes were determined by automation
cytoanalyze. The level of IgE, IgG, and IgM were evaluated
by ELISA. The results showed that the total white blood cells
and leukomonocytes in test group were significantly higher
than in control on 7, 45, 90, and 105 days post-infection
(p-i.). The serum level of IL-2 in test group was significantly
higher than in control on 45 days p.i., while the difference of
IL-2 mRNA expression between test and control group was
not significant. The serum level of TNF-« in test group was
significantly higher than in control at 90 and 105 days p.i.,
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and the TNF-oc mRNA in test group was also significantly
higher than in control on 90 days p.i. The level of IgE, IgG,
and IgM in test group was higher than in control, but none
was significant. The results suggested that the test group,
which was predominant of Thl, could induce the protective
immunity, while the control, which was predominant of Th2,
could induce the susceptibility to infection of hydatidosis.

Introduction

Hydatidosis (Echinococcus granulosus) is recognized as
one of the world’s major zoonosis and is distributed all over
the world (Rausch 1995; Andersen et al. 1997; Dalimi et al.
2002; Eckert and Deplazes 2004; Jenkins et al. 2005).
Xinjiang Autonomous Region of China is one of the
prevalent areas of hydatidosis. In sheep, the overall
prevalence rate was 38.89~61.25% (Li et al. 2005) for
hydatidosis. Hazakh sheep is a native sheep in XinJiang
and can greatly utilize roughage, meanwhile has strong
disease resistance and good performance (Adeli et al.
2009). Cystic echinococcosis in farm animals causes
considerable economic problems due to the loss of edible
liver and meat, as well as, the value of the fleece from
infected sheep may also occur.

Helper T cell (Th) could regulate cellular and humoral
immunity. According to the present concept, Thl cell
activation leads to protective immunity against hydatidosis,
while Th2-dominated immune response is associated with
increased susceptibility to disease (Dixon and Jenkins
1995; Gottstein and Hemphill 1997). Emery et al. (1997)
reported that A/J mouse produced higher serum level of
IFN-y and IL-2, while BALB/c mouse had higher level of
IL-4 after infected with alveolar echinococcosis (AE). It
suggested that the production of cytokine was associated
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with genetic factor. There is significant evidence showing
that infiltration of neutrophils and macrophages occurs
during the early phases of hydatidosis infection followed by
leukocytosis, resulting in an increased number of myeloid
cells such as eosinophils, lymphocytes, and macrophages
(Fotiadis et al. 1999; Zhang et al. 2003). In the chronic
phase of CE, elevated levels of Ab, particularly IgG, IgM,
and IgE, occur in humans (Khabiri et al. 2006; Daeki et al.
2000; Pinon et al. 1987; Craig 1986; Dessaint et al. 1975).
Hashemi Tabar and Borji (2010) tested the serum anti-
bodies by ELISA after injection protoscolices by intra-
peritoneally; their study showed that the production of
antibody is not able to completely to protect against
hydatid. Very little is known of cytokine production in the
early phases of a primary (oral challenge with eggs) E.
granulosus infection (Zhang et al. 2008).

Hydatidosis-resistant haplotype, Mvalbc-Sacllab-
Hinllab, was screened out and verified by our previous
research (Li et al. 2010). The aim of this study was to
analyze the level of Thl (IL-2, IFN-y, TNF-«)/Th2 (IL-4,
IL-10) and IgG, IgM, and IgE after experimental infection
of hydatidosis in Kazakh sheep with hydatidosis-resistant
haplotype and those were not associated with hydatidosis
resistance or susceptibility.

Materials and methods
Animals sampling and experimentally infected with hydatid

Sixteen 2-year-old Hazakh sheep, which were healthy detected
by hydatidosis ELISA kit, were chosen. Among them, eight
with the haplotype of Mvalbc-Sacllab-Hinllab were taken as
the test group, and other eight with the haplotypes of Sacllab-
Hinllab or Mvalbc-Hinllab or Mvalbc-Sacllab, which were
not associated with hydatidosis resistance or susceptibility,
were taken as the control. Each sheep were fed 20 adult
cestodes with fertilized egg proglottis by mouth, and these 16
sheep were raised under the same condition.

Quantitative real-time polymerase chain reaction analysis
of cytokine

The blood was collected by vacuum tube with heparin
sodium on 0, 7, 14, 30, 45, 60, 75, 90, 105, and 120 days
p.i. Peripheral blood lymphocyte was isolated by
lymphocyte-separating medium, and using Trizol reagent
(Promega, China), extracted the RNA from lymphocytes.
RNA was quantified by UV absorption at 260 nm. The
RNA (2 pug) was reverse-transcribed into complementary
DNA with superscript reverse transcriptase (RT; Promega,
China), following the manufacturer’s instructions. A mix-
ture of 2 ug RNA, 0.5 mmol/l dNTP, and 5 pumol random
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primers was heated to 75°C for 5 min and then quickly
chilled on ice. Then 4 ul 5x RT buffer, 20U RNase
inhibitor, and 10U AMV RTase were added at 42°C for
60 min and 5 min at 95°C. The mRNA level of IL-2, IFN-
v, TNF-«, IL-4, IL-10, and (3-actin was determined by
quantitative real-time polymerase chain reaction (QRT-
PCR; Stratagene MX3000P, USA), and the primers
sequences used to amplify were listed in table (Table 1
and Fig. 1).

PCR was performed in a 25-ul reaction containing 12.5 ul
SYBR® Premix Ex Taq™ (2x), 5 umol oligonucleotide
primers, 2 pl RT products, and sterile distilled water to 25 pl.
After an initial denaturation step (30 s at 95°C), followed by
40 cycles of 95°C for 5 s, anneal for 15 s, and 72°C for 15 s.
Each sample was tested three times to improve the
accuratissime. The plasmid, which was cloned with target
fragment, was regarded as standardize substance. It was
diluted ten times with gradient and then used to make
standard curve.

Serum cytokine assay

The blood was collected at 0, 7, 14, 30, 45, 60, 75, 90, 105,
and 120 days p.i. Serum samples were obtained by centrifu-
gation at 3,000 rpm for 10 min and stored at —20°C until used.
Cytokines (IL-2, IFN-y, TNF-«, IL-4, and IL-10) and
antibody (IgG, IgM, and IgE) were directly assayed in serum
using commercial ELISA kits (ADL, America) following the
manufacturer’s instructions.

Total white blood cells and lymphocytes test

The blood was collected by vacuum tube of heparin sodium
on 0, 7, 14, 30, 45, 60, 75, 90, 105, and 120 days p.i. The
total white blood cells and lymphocytes were tested by PE-
6800Vet automatic cytoanalyze.

Statistical analysis

Using [3-actin as internal standard and double standard
curve analyzed the quantitation results. All the data were
analyzed by SPSS 13.0, and all of them were mean+
standard error; the significant difference of results were
checked by one-way ANOVA (LSD).

Results
Total white blood cells and lymphocytes
The tendency of total white blood cells and lymphocytes

in test group was similar with control, but on 7, 45, 90,
and 105 days p.i., the total white blood cells and
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Table 1 Conditions of PCR and parameters of oligonucleotide primer pair

Target gene GenBank no. Products (bp) Sequence of primer (5'—3) Annealing temperature

IFN-y X52640 268 F: TTTTAATGCAAGTAACCCAG 57°C
R: CAGATCATCCACCGGAAT

TNF-« X56756 392 F: TTGTAGCCAACATCAGCG 61°C
R: CTCGGCATAGTCCAGGTA

IL-2 NM_001009806 80 F: TGTCTTGCATTGCACTAACTC 56°C
R: TTCTTTCATTGTGTTCCCCGT

IL-4 M96845 171 F: AACGCCGAACATCCTCACAT 60°C
R: AGTCCGCCCAGGAATTTGTT

IL-10 Ul1421 193 F: GAAAACAAGAGCAAGGCGGTG 55°C
R: TCGGGGAGTCTAGTCGAGTCA

[3-actin U39357 167 F: GCAGGTCATCACCATCGGCAATG 59°C
R: TTGGCGTAGAGGTCTTTGCGGATGT

leukomonocytes in test group were significantly higher
than in control.

QRT-PCR analysis of cytokine

The level of IL-2 mRNA in test group was higher than in
control, but none was significant. [IFN-y mRNA in test
group was significantly higher than in control on 120 days
p.i. TNF-x mRNA in test group was significantly higher
than in control on 90 days p.i. IL-10 and IL-4 mRNA in
control was significantly higher than in test group on
120 days p.i.

Serum cytokine assay

The serum level of IL-2 in test group was significantly
higher than in control on 45 days p.i. TNF-« in test
group was significantly higher than in control on 90 and
105 days p.i. IFN-y in test group was higher than in
control, but none was significant. 1L-10 and IL-4 in
control was significantly higher than in test group, but
there was no significant. The level of IgE, IgG, and IgM
in test group was higher than in control, but there was
also no significant.

The result of experimentally infected sheep with hydatid

Protoscoleces could develop into cysts within 20 days after
infection (Dematteis et al., 2003). These 16 sheep were
slaughtered on the fourth month after hydatidosis infection.
Hydatid cyst on liver and lung surfaces was checked by
visual inspection. The results showed that there were only
two sheep infected by hydatidosis in treatment group,
whereas seven sheep infected in control, and the infection
rate in treatment group was significantly lower than that in
control (P<0.05).

Discussion

The genetic background of host had been considered as the
determinative factor for anti-infection (Meyer et al. 1994;
Hill et al. 1991). It was reported that the severity of disease
was associated with genetic marker of MHC, and the
earliest study showed that the development of hydatidosis
was correlative with HLA-DR13 (Gottstein and Bettens
1994). Eiermann et al. (1998) found that MHC-DR11 was
associated with a reduced risk for hydatidosis development.
Godot et al. (2000) reported that haplotype of HLA BS,
DR3, and DQ2 was significantly associated with hydati-
dosis infection. Abdul-Basit et al. (2010) identified that
HLA-DRI1, 8 and DR52 associate with resistance and HLA-
DR16 associates with susceptibility to E. granulosus
infection in Yemeni patients. The present study detected
the difference between test groups that haplotype, Mvalbc-
Sacllab-Hinllab, was associated with hydatidosis resis-
tance and control in cellular and humor immunity. The
results of ELISA kit testing showed the test group was
predominant of Thl, while the control was predominant of
Th2 after infection of hydatidosis.

Lymphocytosis is one of the innate immunity factors to
resistance hydatidosis (Zhang et al. 2008). Our study showed
that on 7, 45, 90, and 105 days p.i. the total white blood cells
and leukomonocytes in test group were significantly higher
than in control. It suggested that lymphocytosis contributed
to host resistance hydatidosis. The level of IgE, IgG, and
IgM in test group was higher than in control, even though
none was significant. IgG and IgM could activate comple-
ment and IgG could mediate phagocyte for phagotrophy
parasite antigen. In addition, in vitro experimentation has
shown that neutrophils in association with Ab can bring
about killing of E. granulosus oncospheres (Rogan et al.
1992), indicating a possible role for Ab-dependent, cell-
mediated cytotoxicity reactions. The main function of mast
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Fig. 1 The expression level of cytokines, antibody, and blood cells in test and control group
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Fig. 1 (continued)

i
e

cells, which rely on IgE, is to enhance the ability of = TNF-« in test group, while in control, mainly generated
eosinophils to kill the parasites (Sterla et al. 1999). This = Th2 cytokines, including IL-4 and IL-10. IL-4 could
may also help host resistance hydatidosis. promote the precursor cell differentiation into Th2 cell

After experimentally infecting the sheep with hydatid, it ~ (Zhang et al. 2003; Rigano et al. 2007) and inhibit
mainly produced Thl cytokines, including IL-2, IFN-y, and  differentiation into Thl cell (Bresson-Hadni et al. 1990;
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Touil-Boukoffa et al. 1997). It was reported that the Th2
cytokines are responsible for inhibition of parasite killing
because of the anti-inflammatory action of IL-10 (Bauder et
al. 1999; Vuitton 2003). The principal function of IL-10
appears to be to limit and ultimately, terminate inflamma-
tory responses (Moore et al. 2001). It also promoted the
growth of parasites (Emery et al. 1996). Perhaps, this was
the reason why the control group, which was dominant by
Th2 cytokines, was susceptible to hydatidosis.

The cytokines of Thl including IL-2 and IFN-y could
retard the growth of parasites (Emery et al. 1996). IL-2
could promote the activity of cytotoxic lymphocyte, NK
cells, and lympholine-activated killer cell (Fang et al.
1999). Wei et al. (2004) confirmed IL-2 inhibited the
growth of AE. During the defense parasites infection, IFN-
v could inhibit the secretion of Th2 cytokines by
enhancement the phagocytosis of macrophage and limit
the proliferation of cytozoon (Wei et al. 2004). TNF-«,
which was an immunological reaction medium and secreted
by Thl, participated in inflammatory and immunological
response of several infection diseases and synergism with
IFN-y (Jiang 2001). Therefore, the test group, which was
dominant of Th1 cytokines, could be resistance hydatidosis.
Khaled et al. (2008) found a significant high protection rate
against secondary hydatidosis in BALB/c mice, which were
accompanied with the induction of Thl response.

The result of establishment model of infection of hydati-
dosis showed that taking protoscolex intraperitoneally was
less accurate than orally. The reason was that majority of
protoscolex will be killed in 2 weeks through intraperitoneal
infection (Rogan 1987). Therefore, in our study, the sheep
was orally infected with hydatid, and it will be more accurate
to simulate the process of infection of hydatidosis by nature.
That will provide reliable proof for clinical cure.

The study confirmed that Thl induce protective immu-
nity and Th2 increase the susceptibility of hydatidosis. It
also suggested that the hydatidosis resistance haplotype,
Mvalbc-Sacllab-Hinllab, of Kazakh sheep could contribute
to the immunoloregulation reaction for protection from
hydatidosis infection.
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