
U
N
C
O

R
R
E
C
T
E
D
 P

R
O

O
F

1 Review

2 Strategies of Echinococcus species responses to immune attacks:
3 Implications for therapeutic tool development

4 YadongQ1 Zheng ⁎
5 State Key Laboratory of Veterinary Etiological Biology, Key Laboratory of Veterinary Parasitology of Gansu Province, Lanzhou Veterinary Research Institute, CAAS, Lanzhou, Gansu, China
6 Key Lab of New Animal Drug Project, Gansu Province, Lanzhou Institute of Husbandry, Pharmaceutical Sciences, CAAS, Lanzhou, Gansu, China
7 Key Lab of Veterinary Pharmaceutical Development, Ministry of Agriculture, Lanzhou Institute of Husbandry, Pharmaceutical Sciences, CAAS, Lanzhou, Gansu, China

8

9

a b s t r a c ta r t i c l e i n f o

10 Article history:
11 Received 28 February 2013
12 Received in revised form 26 July 2013
13 Accepted 30 July 2013
14 Available online xxxx
151617
18 Keywords:
19 Echinococcus granulosus
20 Echinococcus multilocularis
21 Parasite–host interaction
22 Platyhelminths
23 Immune attacks

24Echinococcus species have been studied as a model to investigate parasite–host interactions. Echinococcus spp.
25can actively communicate dynamically with a host to facilitate infection, growth and proliferation partially via
26secretion of molecules, especially in terms of harmonization of host immune attacks. This review systematically
27outlines our current knowledge of how the Echinococcus species have evolved to adapt to their host's microenvi-
28ronment. This understanding of parasite–host interplay has implications in profound appreciation of parasite
29plasticity and is informative in designing novel and effective tools including vaccines and drugs for the treatment
30of echinococcosis and other diseases.
31© 2013 Published by Elsevier B.V.
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53 1. Introduction

54 Echinococcus granulosus and Echinococcus multilocularis, which cause
55 cystic echinococcosis (CE) and alveolar echinococcosis (AE) respectively,
56 are great threats to human and animal health. It is estimated that there

57are nearly two billion humans infected with helminths in the world [1]
58and around 2–3 million cases of echinococcosis with 0.3–0.5 million
59being due to AE [2]. Echinococcus species have been well studied in an
60aspect of parasite–host interplay. The infectious course of Echinococcus
61spp. is sophisticated and numerous host- and parasite-derived mole-
62cules are involved in it. Echinococcus species show differences in devel-
63opment, morphology, maturation, and egg and protoscolex production
64in different hosts [3–8]. These observations strongly support the idea
65that the infection and consequent development in a host are an out-
66come of parasite–host interactions. In agreement with this concept,
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67 the difference in cytokine production was also observed in the periph-
68 eral blood mononuclear cells (PBMCs) from patients with different
69 genetic backgrounds [9].
70 Echinococcus species and their metabolites canmodulate a variety of
71 biological processes in cells or hosts in vitro [10] or in vivo [11]. For
72 example, human basophils co-cultured with E. multilocularis vesicle
73 or protoscolex extract were fully stimulated, releasing histamine,
74 interleukin-13 (IL-13) and IL-4. This stimulation depends on IgE and
75 the production kinetics of IL-4 is similar to that elicited by aQ2 Schistosoma
76 mansoni egg antigen IPSE/alpha-1, which is a secreted glycoprotein
77 and predominantly distributed in the subshell region of eggs [12,13],
78 suggesting a similar mechanism for induction of a Th2 response.
79 In this review, we outline current knowledge of crosstalk events in
80 echinococcosis and focus on parasite-released molecules involved in
81 defense against host immune attacks, allowing us to understand deeply
82 whyparasites have evolved in orderQ3 to be accommodated to hostmicro-
83 environments. It is also anticipated to shed light on future studies on the
84 development of anti-echinococcosis drugs and vaccines.

85 2. Dynamic parasite–host interactions

86 Host resistance to Echinococcus infections is embodied by the induc-
87 tion of delicate immune responses [14]. In mice, immune cells involved
88 in anti-Echinococcus infections were dynamically changed in quantity
89 or/and modified in functions at the different infectious stages [15].
90 Also, dynamic changes in antibody responses were observed in the
91 course of echinococcosis in humans and mice [16]. The determinants
92 involved in resistance to Echinococcus infections are not fully under-
93 stood, but it is clear that the genetic background of hosts has great
94 effects on the outcomes of parasite infection [14,17,18]. Additionally,
95 IL-17 is likely to play a role in protection from the infections [19,20].
96 During the early infection of an intermediate host, activated
97 oncospheres released from eggs survive various pressures, mainly
98 from Th1 responses, and strive to encyst at preferred parasitic sites.
99 Upon establishment, parasites not only continue to grow andproliferate
100 but also harmonize antibody-mediated and cellular immune attacks
101 (Fig. 1). As far as a host is concerned, the key thing is to keep the balance
102 between parasite clearance and tissue or organ damage by immune
103 responses. The fact that both Th1 and Th2 cytokines and chemokines
104 co-exist in AE patients [10] suggests the presence of a mutual tolerance
105 during the infection, which is essential for parasite proliferation and
106 survival [21]. Therefore the delicate alterations of Th1 and Th2 profiles
107 reflect real-time interactions between parasites and a host.
108 In the early infection phase, innate immunitymay play an important
109 role in controlling parasites' growth. This idea is evidenced by
110 nonspecific antigen-induced protection in rats [14]. Immune effector
111 cells, such as neutrophils and macrophages, are first inQ4 line to clear
112 parasite infection but their normal activities can be interfered and
113 even impaired by parasite molecules. An in vitro study demonstrated
114 that a protein secreted by Echinococcus spp. was able to block the
115 chemo-attractant activity of neutrophils [22]. It was also shown that
116 normal macrophages were able to promote lymphocyte transformation
117 stimulated by E. multilocularis metabolites, whereas the macrophages
118 from the infected mice repressed the transformation and proliferation
119 [23,24]. The functional changes of macrophages may result from the
120 abnormal expression of key molecule(s), such as CD40, on the surface
121 [24]. Eosinophils are involved in clearing infective larvae of parasitic
122 helminths including Echinococcus species [14,25], but are rarely seen
123 in mice infected with E. multilocularis [26]. The absencemay be partially
124 due to a cysteine protease released by parasites because it catalyzes the
125 proteolysis of eotaxin, a pro-inflammatorymolecule involved in chemo-
126 taxis of eosinophils [26,27].
127 The chronic stage of Echinococcus infection is characterized by a
128 predominant Th2 immune response [5,14,26], partially being a conse-
129 quence of progressive subversion of production from Th1-associated
130 cytokines to Th2-associated cytokines. The subversion may be

131dynamically driven by viable parasites in that specific antibodies against
132E. multilocularis first disappeared upon surgical removal of lesions or in
133patients treated with drugs [28,29]. Similarly, the occurrence of a Th2
134immune response during the early CE infection also depends on viability
135of parasites [30]. In agreement with the idea, the level of IL-10 that
136suppresses an inflammatory response was significantly lower in the
137stimulated PBMCs of cured patients with hepatic lesions than that of
138patients with progressive AE [31].

1393. Potential approaches to defend immune attacks by hosts

1403.1. Interference of immune cell proliferation and differentiation

141As a cellular surface component, glycosphingolipids are associated
142with cell proliferation and differentiation. Echinococcus-derived glyco-
143sphingolipids have been showed to inhibit mitogen-induced PBMC
144proliferation via down-regulation of IL-2, and the proliferative ability
145was restored by adding exogenous IL-2 [32].
146Antigen B (AgB), one of the immunodominant proteins in the cyst
147fluid, is a heat-stable lipoprotein comprising of distinct 8 kDa subunits
148[33]. AgB is involved in host–parasite crosstalks through modulation
149of immune cell proliferation and differentiation. AgB is expressed in

Fig. 1. Echinococcus species responses to host immune attacks. In the infection immune
cells including neutrophils (Ne), macrophages (Ma), eosinophils (Es), dendritic cells
(Dc), CD8+T cells (TcD)andbasophils (Ba) are recruited to combat parasites. Concurrently,
Echinococcus species dynamically interact with a host and express different active
molecules at the different stages, which up- (↑) or down-regulate (↓) or eliminate (Χ)
the functions of effector cells, leading to skewing a Th1-type response in the early phase
towards a Th2-predominate response in the chronic phase.
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