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Helminth parasites induce Th2 immune responses. Immunological mechanisms leading to Th2 induction are mainly dependent
on IL-4. However, early source of IL-4 has not been precisely identified. Noticeably, basophils seem to be important mediators for
inducing and maintaining the Th2 response probably because they secrete IL-4 and exert functions similar to APCs. Nevertheless,
recent experimental evidence points that DCs could be also significant participants during this process. The involvement of
basophils during memory responses is also discussed.

1. Introduction
Intestinal helminth infections still represent a public health
problem in many developing tropical and subtropical countries aﬀecting the health of human beings and of livestock
[1, 2]. CD4+ T cells are the main cellular mediators in
host helminth interactions. In response to diﬀerent antigens,
these cells diﬀerentiate in four types of T-helper cells Th1,
Th2, Th17, and regulatory T cells. Helminths and their antigens induce Th2 immune responses, and protection against
these parasites seems to be dependent on this polarization.
Th2-cells secrete type 2 cytokines such as interleukin-4
(IL-4), IL-5, IL-9, IL-13, but non-T cells including basophils,
mast cells, B cells, and eosinophils can also produce them.
The initial priming for Th2 diﬀerentiation is dependent on
the IL-4 receptor α chain (IL-4R) and transcription factors
STAT6 and GATA3, as well as processing and presenting antigens from antigen presenting cells (APCs) and upregulation
of costimulatory molecules [3]. A type 2 immune response
is characterized by activation and expansion of CD4+ Th2cells, mucosal epithelial cells, eosinophils, basophils, production of immunoglobulin E (IgE) and mast cell, and goblet
cell hyperplasia [4]. Moreover, basophils and mast cells are
activated by IgE-immune complexes through crosslinkedhigh-aﬃnity Fc receptors (FcRs) for IgE located on the cell

surface. Then, these cells are able to degranulate and release
cytokines, chemokines, proteases, serotonin, histamine, and
heparin, resulting in smooth muscle hypercontractibility, increased permeability, and inflammatory cell recruitment
that, accompanied by mucus production, will facilitate clearance of parasites (Figure 1).
Basic aspects about activation of Th1- and Th17-type
immune responses are well characterized. Nevertheless, the
immunological mechanisms leading towards induction of
Th2 immune responses remain to be elucidated. Early
production of IL-4 is essential for Th2 diﬀerentiation [3].
Dendritic cells (DCs) are eﬃcient APCs that express costimulatory molecules CD40 and CD86 and produce cytokines
(IL-12, IL-13, and IL-6) necessary for the activation and
diﬀerentiation of CD4+ T cells during Th1 or Th17 responses
[5]. However, DCs are not able to produce IL-4.
Recently, it has been documented that basophils are involved in development and amplification of type 2 immune
responses during helminth infections, because they are capable of producing and secreting IL-4 in response to helminth
antigens and by crosslinking of antigen-specific IgE complexes. Furthermore, it has been suggested the possible role of
basophils as APCs, since they constitutively express MHCclass-II, costimulatory molecules such as CD40, CD80, and
CD86, and the lymph-node-homing receptor CD62L [6–8].
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Figure 1: Components of type 2 immune response eﬀective against gastrointestinal (GI) helminth parasites. In the primary response,
APCs process and present antigens via MHC-class-II, upregulate costimulatory molecules, and, in an IL- 4 milieu, prime naı̈ve T cells to
become Th2-cells. Th2-cells and other reactive cells secrete IL-4 and IL-13, promoting B class switching to IgE and IgG1. IgE immune
complexes activate basophils and mast cells by crosslinking of FcR. Activated mast cells and basophils secrete soluble mediators inducing
changes in smooth muscle contractility, peristalsis, and intestinal permeability increase. IL-4 also induces goblet cell proliferation and mucus
production. All of these elements induce a hostile environment for the parasite, provoking their expulsion or their reduction in size and
fecundity.

This information indicates that this cell type is a potential
early source of IL-4 that could promote diﬀerentiation of
CD4+ Th2-cells or even present antigens to CD4+ T cells.
Additionally, recent data have revealed a function of basophils not only in the initiation and maintenance of type 2
responses, but also in protective immunity and memory
responses. Nonetheless, the potential enrolment of basophils
in the initiation of Th2 immunity is under study, and results
obtained from diﬀerent research groups have become controversial, which highlights the importance of investigating
the interactions between helminths and this cell type. The
main goal of this paper is to provide an overview of recent
findings in this regard.

2. Cell Types Involved in Initiating and
Maintaining Type 2 Immune Responses
DCs control diﬀerentiation of naı̈ve T cells into Th1 and
Th17 eﬀectors cells through cytokine production like IL-12,
IL-6, and IL-23. After stimulation with Toll-like receptors’
ligands, DCs initiate signal cascades resulting in presentation
of peptides by MHC-class-II to T cells with upregulation
of costimulatory molecules CD40, CD80, and CD86 [9].
Th1 response is promoted by IL-12 secretion from DCs [10]
whereas Th17 by IL-1, IL-6, or IL-23 from this same APC
[11].

The role of DCs in the induction of Th2 responses
has also been studied [12], and it is well known that
some Th2-type helminth antigens are able to modify DCs
towards a phenotype that may induce Th2 diﬀerentiation
[13–15]. However, Th2-associated DCs signals have not been
identified yet. In spite of the fact that DC express MHC-classII and costimulatory molecules, very little is known about
how DCs could sense Th2-type antigens, the nature of DCs
subsets, whether they are suﬃcient to initiate Th2 responses,
and if it is necessary establishing cooperation with innate
immune cells.
Basophils are odd polymorphonuclear granulocytes,
mainly found in the blood and peripheral tissues representing less than 1% of total leukocytes in blood and spleen.
These cells mature in the bone-marrow before entering the
blood stream, express FcRs and are capable of secreting Th2
cytokines such as IL-4 and thymic stromal lymphoprotein
(TSLP), both important molecules for Th2 induction [16,
17]. Basophils can be activated through an IgE-dependent or
IgE-independent process secreting, in consequence, important amounts of IL-4 [18, 19] as well as mediating degranulation and releasing preformed mediators [16].
Basophils are rapidly recruited into the bone-marrow,
small intestine, blood stream, and other tissues during
helminth infections and allergic inflammation [20, 21].
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Echinococcus multilocularis extracts as well as the glycoprotein IPSE/α-1 expressed in Schistosoma mansoni eggs induce
release of IL-4 and IL-13 from basophils in the presence
of IgE [22]. This demonstrates that basophils are able to
respond to parasitic antigens and could be important in generating Th2 responses during helminth infections. Constitutively and under stimulation of allergens and helminth
antigens, basophils express MHC-class-II and costimulatory
molecules. Moreover, these cells rapidly produce IL-4 upon
activation, and they are capable of forming conjugates
with CD4+ T cells, suggesting a role for basophils in Th2
diﬀerentiation of naı̈ve CD4+ T cells.
In the last decade, the role of basophils and DCs has been
studied in experimental models where both cell populations
were depleted mainly by diﬀerent methods: treatment with
the monoclonal antibody anti-FceRI (MAR-1) and administration of diphtheria toxin (DT) to animals that express
the diphtheria toxin receptor under the CD11c promoter
(CD11c-DTR), respectively. In 2010, a new genetically basophil-deficient mouse strain was developed [23]. Results
induced discussion about the role of DCs and basophils
in the initiation of Th2 responses. Studies from diﬀerent
groups regarding this topic are discussed what in follows.

3. Basophils as Initiators of
Type 2 Immune Responses
Several reports have suggested that, in some conditions, DCs
may not be crucial for promotion of the Th2-cell development. In the OVA-papain subcutaneous immunization
model, a cysteine protease that mimics the activity of enzymes secreted by Th2 response-related helminth parasites
promoted upregulation of MHC-class-II and costimulatory
molecules expression in basophils, suggesting that these
cells could exert functions similar to APCs [6]. Interestingly, transfer of OVA-loaded basophils into MHC-classII-deficient mice was suﬃcient for Th2 polarization,
while MAR-1-mediated basophil depletion abolished this
response, suggesting that antigen presentation by basophils
was enough for triggering Th2 responses [6].
Splenic basophils from mice infected with Strongyloides
venezuelensis were MHC-class-II positive. Furthermore, this
cell population expressed CD80 and CD86, as well as CD62L,
additionally showing secretion of IL-4 [7], in agreement with
Sokol and colleagues [6]. In absence of DCs, basophils were
able to induce development of antigen-specific Th2-cells
in vitro, suggesting that these cells produce suﬃcient IL-4
for induction of naı̈ve CD4+ T cells into Th2-cells. When
basophils were incubated in the presence of antigen and IgE
complexes, an enhanced Th2 response was observed, supporting that these cells could capture IgE complexes and
increase their own ability as APC [7].
Parasite expulsion and protective immunity in Trichuris
muris infection is dependent on CD4+ Th2-cells [24]. During
this infection in mice, basophils were identified as a cell
population that expressed IL-4, MHC class II, and CD62L
[8], suggesting their potential to enter into lymphoid tissues,
act as APC, produce IL-4, and lead T-cell polarization
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towards Th2-cells. In vivo depletion of basophils with MAR1 impaired immunity to this parasite, supporting that basophils could facilitate development of protective Th2 immunity. In T. muris-infected mice, exhibiting expression of
MHC-class-II restricted to CD11c+ DC populations, animals
showed minimal induction of Th2 cytokines in response to
the infection. Interestingly, production of Th2 cytokines was
restored when a neutralizing monoclonal antibody to IFNγ was used [8]. These results suggest that DCs can induce
protective Th2 responses in an environment where Th1 cytokines have been previously blocked, whereas basophils and
other cell populations with ability to produce IL-4 could facilitate Th2 diﬀerentiation by reciprocal blocking Th1
responses.
Taken together, all these experiments using mice where
basophils have been abrogated with specific antibodies
(Table 1), support the idea that these cells could interact
with T cells in order to promote Th2 diﬀerentiation through
antigen presentation and cytokine production. Therefore,
the role of DCs in the initiation of Th2 responses is
questioned.
However, a recent study suggests that Th2-cell development cannot be so simple, requiring cooperation between
DCs and basophils. Using the CD11c-DTR model, it has
been demonstrated that DCs are required for the induction
of antigen-specific Th2 responses after subcutaneous immunization with OVA-papain [25], in contrast to previous
results by Sokol and coworkers [6]. Nevertheless, DCs isolated from these immunized mice failed to induce IL-4 production of OVA-specific T cells in vitro. When a combination
of DCs and basophils was cocultured in presence of T
cells, IL-4 production was clearly increased. Also, lymphnode DCs and dermal DCs released reactive oxygen species
(ROS) after immunization with OVA-papain. Release of ROS
induced the production of oxidized lipids that triggered
induction of TSLP in epithelial cells [25]. TSLP has a key
role in the induction of Th2 responses [26, 27]. In this
way, the authors demonstrated that TSLP inhibit the ability
of DCs to stimulate Th1 responses by suppressing IL-12
production in DCs and inducing production of CCL7.
Remarkably, this chemokine could mediate the recruitment
of IL-4 secreting basophils into the lymph-node promoting
Th2 diﬀerentiation.
Other results support the notion of cooperation between
DCs and basophils. For example, depletion of DCs in the
CD11c-DTR model resulted in impaired production of Th2
cytokines from CD4+ T cells in response to Schistosoma
mansoni infection or after S. mansoni egg injection [28].
On the contrary, depletion of basophils with MAR-1 did
not alter levels of cytokines or Th2 induction in this experimental system. However, induction of the Th2 response
was not completely ablated in CD11c-depleted animals
suggesting that some DCs could remain or the involvement
of other APCs. An additional study suggests that basophils
are recruited into draining lymphatic nodes (dLNs) after
S. mansoni egg injection [8]. In mice in which MHC-classII expression was restricted to CD11c+ DC, S. mansoni egg
injection increases CD4+ T cells in dLNs. Adoptive transfer
of primary wild-type basophils augmented the proliferation
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Table 1: Experimental evidence related to the role of basophils and DC in induction of Th2 immunity.

Reference

Methods employed

[6]

OVA-papain immunization model
Basophil depletion mediated by MAR-1
DC manipulation in CD11c-DTR model

[8]

T. muris-infected mice and injection of S. mansoni
eggs
Basophil depletion mediated by MAR-1
DC manipulation in CD11c-DTR model

[7]

S. venezuelensis-infected mice

[48]
[28]

N. brasiliensis infection
Basophil depletion mediated by anti-Thy-1.2 mAb
S. mansoni infection and S. mansoni egg injection
Basophil depletion mediated by MAR-1
DC manipulation in CD11c-DTR model

[29]

N. brasiliensis infection
Basophil depletion mediated by MAR-1

[23]

OVA-papain immunization model and N. brasiliensis
infection
Basophil-deficient mice Mcpt8Cre and DC-ablated
mice

of dLN CD4+ T cells in response to injection of parasite
eggs [8], supporting that after exposure to helminth antigens
basophils are recruited into dLN and they could cooperate
together with DCs in the proliferation and expansion of
CD4+ T cells.
Nevertheless, recent studies have questioned the use of
DT for depleting DCs, claiming side eﬀects of DT administration. Furthermore, the use of MAR-1 for depleting basophils has been related with activation of mast cells and
induction of anaphylaxis. Then, in 2010, Ohnmacht and
coworkers [23] reported a new transgenic mouse strain
(Mcpt8Cre) with constitutive deletion of basophils. After
immunization with OVA-papain, Mcpt8Cre mice developed
a normal Th2-cell response suggesting that in papaininduced Th2-cell diﬀerentiation, basophils play a minor role.
In addition, mice with constitutive deletion of DCs are
impaired in mounting a Th2-cell response against OVApapain despite normal basophil recruitment, confirming that
papain-induced Th2-cell diﬀerentiation depends on DC and
not on basophils (Table 1). Similar results were obtained with

Conclusions
Basophils express MHC-class-II and costimulatory
molecules
DCs are not required for the development of
papain-induced Th2 responses
DCs are not able to induce CD4+ Th2-cells in vitro
except if basophils are included in the culture
Basophils express MHC-class-II and IL-4
Depletion of basophils in vivo impairs immunity to
T. muris
Minimal induction of Th2 cytokines in mice in which
MHC-class-II expression was restricted to CD11c+
cells. Th2 cytokines production was restored with a
neutralizing monoclonal antibody to interferon-γ
Basophils secrete IL-4 and express CD80, CD86,
CD62L, and MHC class II
Basophils induce antigen-specific Th2-cells in vitro in
the absence of DC
Enhanced Th2 responses result when basophils are
cultured with antigen-specific IgE
In the absence of IL-4 and/or IL-13-producing T cells,
basophils contribute to eﬃcient worm expulsion
Depletion of DCs results in impaired CD4+ T cell
production of Th2 cytokines; depletion of basophils has
no eﬀect
Depletion of basophils does not diminish the
development of IL-4 producing CD4+ T cells
Basophils recruitment into the dLN depends on IL-3
Basophils are not required for in vivo priming of
Th2-cells in N. brasiliensis-infected mice or after
immunization with OVA-papain, with constitutive
deletion of basophils
DC-ablated mice are impaired in mounting a Th2-cell
response against OVA-papain despite normal basophil
recruitment

N. brasiliensis-infected mice where basophils seem not be
required for in vivo priming of Th2-cells [23, 29]. Interestingly, excretion/secretion (E/S) products from N. brasiliensis
and Acanthocheilonema viteae, as well as S. mansoni soluble
egg antigen and Echinococcus granulosus antigen B [30], have
been related with inhibition of DCs maturation and DC production of IL-10, favoring a Th2 response [31]. Recently, it
has been demonstrated that excreted-secreted antigens of the
cestode Taenia crassiceps (TcES) aﬀect murine and human
DC activities [32, 33]. DCs pulsed with TcES abrogated
their capacity to respond to proinflammatory stimuli such
as LPS, decreasing expression of maturation and costimulatory molecules. TcES-exposed murine bone-marrow-derived
DCs failed to release proinflammatory cytokines, while they
preserved IL-10 production [32]. Similarly, TcES enhances
production of IL-10 by human DCs, but not IL-12, IL1β, TNF, and IL-6 [33]. Additionally, when TcES-exposed
DCs are used as APCs, they suppress IFN-γ production and
increase IL-4 levels in CD4+ T cells, supporting the idea
that helminth-derived products may modulate DCs in order
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to acquire a special phenotype with capacity to bias Th2
responses. In spite that T. crassiceps shares antigenic resemblance with Taenia solium, the cestode parasite of humans
[34], studies are necessary to analyze the role of basophils and
DCs in the induction of Th2 responses because there are no
published reports, except those performed in experimental
infections with T. solium in hamsters. The intestinal mucosa
shows an increase in IFN-γ expression detected by in situ
hybridization during the first week of infection while IL13 is seen between days 2 and 16 after infection and IL4 since the second week when parasite expulsion occurs.
These findings demonstrate that coexpression of Th1 and
Th2 cytokines takes place in this experimental infection [35].
It would be interesting to determine whether T. soliumexcreted/-secreted antigens have the ability to interact with
DCs and basophils, in order to elucidate important early
steps in the activation of the host immune response resulting
in the expression of Th1 or Th2 cytokines.
Some authors propose that DCs alone can drive Th2-cell
diﬀerentiation and basophils could help to sustain and
amplify the type 2 response [36]. However, the multiple studies described, demonstrate the importance of basophils
and DCs in the induction of Th2 responses, suggesting that
there are several pathways in which these cells can act independently or in cooperation. The vision of the type 2 immune response are like a complex network with duplicated
essential functions which indicates that basophil-dependent
response, DC-dependent response, and DC/basophil-dependent response could simultaneously occur in vivo. Therefore, it is necessary to reassess the role of each one depending
on the infection setting.

4. Participation of Basophils in Memory
Response against Helminths
The high prevalence of helminths in endemic populations
suggests that the complete elimination of parasites is seldom
generated [37]. However, some evidence about the rapid
development of resistance to reinfection in individuals with
long-term exposure [38] and the decrease of infection intensity in adults of endemic areas [39] indicates that immunity
is acquired with cumulative exposure. The long exposure or
persistence of antigens keeps the immunological memory
due to long-term survival by antigen-specific memory T cells
and B cells [40]. Then, antibody production by memory B
cells is a key process for maintaining the acquired immune
response. Noticeably, helminth infections are characterized
by IgE production, and high levels of this antibody class are
associated with resistance to reinfection [41, 42].
Basophils are capable of binding antigen-specific IgE antibodies through FcR and undergo activation [16]. This
fact is important during secondary infections with parasites.
Interestingly, experimental evidence shows that mechanisms required for parasite expulsion during primary and
secondary infections are diﬀerent. During primary mice
infection with N. brasiliensis, a protective immune response
dependent on IL-13, IL-4, and CD4+ T cells develops, which
is able to stimulate goblet cell proliferation, mucin secretion,
and physiological changes in the gut; eosinophils, IgE, and
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accumulation of basophils are not necessary for expulsion
in a primary infection [23, 43, 44]. During secondary infections, worm expulsion occurs in mast-cell-deficient cKitW-sh mice, even in the absence of CD4+ T cells. However,
when these mice were depleted of basophils, worm expulsion
was impaired [45]. These data indicate that, in a primary
infection, CD4+ T cells stimulate a non-CD4+ T-cell group
involved in the memory response which could participate
in the expulsion of worms after a secondary infection. In
agreement with these results, Mcpt8-basophils-deficient
mice showed an eﬃcient N. brasiliensis worm expulsion during the primary infection, while this ability was impaired
during the secondary infection [23]. These studies suggest
that basophils play a role in the protective immunity against
helminths.
Yoshimoto and colleagues [7] reported that basophils
might eﬃciently take up low doses of antigen in an IgE-dependent way. Moreover, when these cells are pulsed with
antigen-IgE complexes, they are capable of improving
their APCs ability. In secondary infections, basophils could
bind IgE and become sensitized to antigens that have been
previously in contact with the host. Sensitized basophils
can synthesize and release IL-4 and IL-13 [46], both key
molecules for B-cell diﬀerentiation and IgE production [47].
This information highlights the possibility of an amplification loop between basophil activation and immunoglobulin
production. Also, basophils could be directly activated by
some allergens and parasites [6, 46] expanding their own
capacity for introducing excretory or secretory proteins from
helminths and promoting Th2 diﬀerentiation.
Basophils have been shown to be able to enhance immunological memory responses. In mice immunized with
allophycocyanin, basophils exert the ability to in vitro bind
this protein on their cell surface, becoming activated and
releasing IL-4 and IL-6 after 6 weeks of immunization. This
activation is FcR dependent, as no release of IL-4 and IL-6
was detectable on FcR-deficient mice [49]. Therefore, it has
been proposed that after a primary immunization, antigenspecific IgE is captured by FcR on basophils and, after
a second one, activation occurs releasing major cytokines
for B-cell stimulation and in consequence immunoglobulin
production [49]. Recent studies have shown that IgD-crosslinking leads to basophil activation and expression of B-cellactivating factor (BAFF) and IL-4, stimulating production
of T-independent antibodies from B cells [50]. Also, KU812
cells, a human basophilic line, are capable of producing IL-4
and IL-13, and induce synthesis of IgE and IgG4 in human
normal B cells [51]. During memory response, secretion
of these cytokines could be important since depletion of
basophils leads to decrease of production of IgG1 and IgG2 as
well as increase of susceptibility to Streptococcus pneumoniainduced sepsis [49]. These results indicate that basophils may
not only contribute to support the Th2 response through IL4 production but also by directly activating and promoting
IgE production from B cells.
In a primary infection, the immune response takes longer
to develop, probably because of the higher number of
parasite antigens that need to be recognized in order to
induce the host immune response [52]. In addition, in
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Figure 2: Possible role of basophils in secondary immune responses against GI helminths. Basophils could be directly activated by parasite
antigens or take up antigen through parasite-specific IgE antibodies developed in previous infections. IL-4, IL-13, IL-6, and BAFF, released
by activated basophils, stimulate antibody production from B cells and may enhance Th2-associated immune responses. It remains to be
determined if these mechanisms take place in vivo. SM: soluble mediators.

Heligmosomoides polygyrus-infected mice most of the IgG1
and IgE antibodies are polyclonal or have low-aﬃnity
specificities; comparatively, after multiple infections aﬃnity
of specific IgG and IgA antibodies matured preventing
adult worm development [53]. It has been suggested that
parasites possess the ability to promote nonspecific-antibody
production, but this topic is currently under study. In spite
of the fact that development and maintenance of long-lived
IgE-producing plasma cells remains unclear, both induction
of specific IgE-producing plasma cells during a primary
infection and development of high-aﬃnity antibodies during
repetitive infections could explain the rapid basophil activation during secondary infections. Remarkably, it has been
shown that, after immunization, basophils, additional to B
cells, are the only population able to capture on their surface
intact antigens present in the plasma through a mechanism
mediated by antigen-specific IgE antibodies [54].
All this information suggests that during secondary challenges specific-IgE antibodies and parasite-derived products
could activate basophils. Production of IL-4, IL-6, and BAFF
by activated basophils may stimulate T-independent antibody production from B cells resulting in an amplification
loop. Local release of IL-4 and IL-13 could stimulate other
innate cells like goblet and mast cells, leading to an eﬀective
and more rapid protective response (Figure 2).
Oral immunization with recombinant functional Taenia
solium calreticulin (rTsCRT) reduces tapeworm burden in
the experimental model of intestinal taeniasis in hamsters
[55]. Calreticulin has been identified in several parasites
[56, 57], and it has been demonstrated that CRT-specific IgE
antibodies develop in many infections [58, 59]. In addition,
basophils isolated from individuals living in a hookworm
endemic area are able to release histamine in the presence of
CRT [60], suggesting the existence of basophils precharged

with CRT-specific IgE antibodies. CRT is also recognized by
IgE antibodies of Heligmosomoides polygyrus-infected mice
and induces degranulation of an IgE-sensitized basophil cell
line [58]. Therefore, it could be interesting to analyze if
TsCRT immunization is able to induce antigen-specific IgE
production and, if these antibodies are able to sensitize
basophils. Sensitized basophils can synthesize and release IL4 and IL-13 promoting Th2 diﬀerentiation and helping to
support a protective immune response. Elucidation of these
mechanisms will allow the development or more eﬃcient
vaccines against helminths.

5. Concluding Remarks
Helminths induce Th2 immune responses. Immunological
mechanisms leading to Th2 induction are mainly dependent
on IL-4. However, early source of IL-4 has not been precisely
identified. Noticeably, basophils seem to be important
mediators for inducing and maintaining the Th2 response
probably because they secrete IL-4 and exert functions
similar to APCs. Nevertheless, recent experimental evidence
points that DCs could be also significant participants during
this process, suggesting that Th2 immune responses could
be occurring through multiple nonexcluding pathways,
which have not been completely elucidated yet. Also, it is
necessary to analyze these findings under an overall view
since the nature of the immune response depends on the
characteristics of individual products as well as the particular
interactions of each helminth with its host. Finally, although
the role of basophils in the induction of memory responses
against helminths needs further investigation, it opens an
interesting research field focused on developing vaccines
based on antigens that promote Th2 responses, long-lived
plasma cells, and specific antibody production.
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et al., “Cestode antigens induce a tolerogenic-like phenotype
and inhibit LPS in-flammatory responses in human dendritic
cells,” International Journal of Biological Sciences, vol. 7, no. 9,
pp. 1391–1400, 2011.
[34] N. M. Espindola, A. H. Iha, I. Fernandes et al., “Cysticercosis immunodiagnosis using 18- and 14-kilodalton proteins
from Taenia crassiceps cysticercus antigens obtained by immunoaﬃnity chromatography,” Journal of Clinical Microbiology, vol. 43, no. 7, pp. 3178–3184, 2005.
[35] G. Avila, L. Aguilar, M. Romero-Valdovinos, F. Garcia-Vazquez, and A. Flisser, “Cytokine response in the intestinal mucosa of hamsters infected with Taenia solium,” Annals of the
New York Academy of Sciences, vol. 1149, pp. 170–173, 2008.
[36] J. E. Allen and R. M. Maizels, “Diversity and dialogue in immunity to helminths,” Nature Reviews Immunology, vol. 11,
no. 6, pp. 375–388, 2011.
[37] P. J. Hotez, P. J. Brindley, J. M. Bethony, C. H. King, E. J. Pearce,
and J. Jacobson, “Helminth infections: the great neglected
tropical diseases,” The Journal of Clinical Investigation, vol. 118,
no. 4, pp. 1311–1321, 2008.
[38] C. L. Black, P. N. M. Mwinzi, E. M. O. Muok et al., “Influence
of exposure history on the immunology and development of
resistance to human Schistosomiasis mansoni,” PLoS Neglected
Tropical Diseases, vol. 4, no. 3, article e637, 2010.
[39] A. E. Butterworth, A. J. Fulford, D. W. Dunne, J. H. Ouma,
and R. F. Sturrock, “Longitudinal studies on human schistosomiasis,” Philosophical Transactions of the Royal Society of
London. Series B, vol. 321, no. 1207, pp. 495–511, 1988.
[40] L. J. McHeyzer-Williams and M. G. McHeyzer-Williams, “Antigen-specific memory B cell development,” Annual Review of
Immunology, vol. 23, pp. 487–513, 2005.
[41] D. W. Dunne, A. E. Butterworth, A. J. C. Fulford et al., “Immunity after treatment of human schistosomiasis: association
between IgE antibodies to adult worm antigens and resistance
to reinfection,” European Journal of Immunology, vol. 22, no. 6,
pp. 1483–1494, 1992.
[42] P. Rihet, C. E. Demeure, A. Bourgois, A. Prata, and A. J. Dessein, “Evidence for an association between human resistance to
Schistosoma mansoni and high anti larval IgE levels,” European
Journal of Immunology, vol. 21, no. 11, pp. 2679–2686, 1991.
[43] D. Voehringer, T. A. Reese, X. Huang, K. Shinkai, and R.
M. Locksley, “Type 2 immunity is controlled by IL-4/IL-13
expression in hematopoietic non-eosinophil cells of the innate
immune system,” Journal of Experimental Medicine, vol. 203,
no. 6, pp. 1435–1446, 2006.
[44] F. D. Finkelman, T. Shea-Donohue, S. C. Morris et al., “Interleukin-4- and interleukin-13-mediated host protection
against intestinal nematode parasites,” Immunological Reviews,
vol. 201, pp. 139–155, 2004.

Journal of Biomedicine and Biotechnology
[45] C. Ohnmacht and D. Voehringer, “Basophils protect against
reinfection with hookworms independently of mast cells and
memory Th2 cells,” The Journal of Immunology, vol. 184, no.
1, pp. 344–350, 2010.
[46] C. Phillips, W. R. Coward, D. I. Pritchard, and C. R. A. Hewitt,
“Basophils express a type 2 cytokine profile on exposure to
proteases from helminths and house dust mites,” Journal of
Leukocyte Biology, vol. 73, no. 1, pp. 165–171, 2003.
[47] L. B. Bacharier and R. S. Geha, “Molecular mechanisms of IgE
regulation,” Journal of Allergy and Clinical Immunology, vol.
105, no. 2, part 2, pp. S547–S558, 2000.
[48] C. Ohnmacht and D. Voehringer, “Basophil eﬀector function
and homeostasis during helminth infection,” Blood, vol. 113,
no. 12, pp. 2816–2825, 2009.
[49] A. Denzel, U. A. Maus, M. R. Gomez et al., “Basophils enhance
immunological memory responses,” Nature Immunology, vol.
9, no. 7, pp. 733–742, 2008.
[50] K. Chen, W. Xu, M. Wilson et al., “Immunoglobulin D enhances immune surveillance by activating antimicrobial,
proinflammatory and B cell-stimulating programs in basophils,” Nature Immunology, vol. 10, no. 8, pp. 889–898, 2009.
[51] Y. Yanagihara, K. Kajiwara, Y. Basaki, K. Ikizawa, K. Akiyama,
and H. Saito, “Induction of human IgE synthesis in B cells
by a basophilic cell line, KU812,” Clinical and Experimental
Immunology, vol. 108, no. 2, pp. 295–301, 1997.
[52] M. Yazdanbakhsh and D. L. Sacks, “Why does immunity to
parasites take so long to develop?” Nature Reviews Immunology, vol. 10, no. 2, pp. 80–81, 2010.
[53] K. D. McCoy, M. Stoel, R. Stettler et al., “Polyclonal and specific antibodies mediate protective immunity against enteric
helminth infection,” Cell Host and Microbe, vol. 4, no. 4, pp.
362–373, 2008.
[54] M. Mack, M. A. Schneider, C. Moll et al., “Identification of
antigen-capturing cells as basophils,” The Journal of Immunology, vol. 174, no. 2, pp. 735–741, 2005.
[55] S. León-Cabrera, M. Cruz-Rivera, F. Mendlovic et al., “Standardization of an experimental model of human taeniosis for
oral vaccination,” Methods, vol. 49, no. 4, pp. 346–350, 2009.
[56] N. El Gengehi, R. El Ridi, N. Abdel Tawab, M. El Demellawy,
and B. L. Mangold, “A Schistosoma mansoni 62-kDa band
is identified as an irradiated vaccine T-cell antigen and characterized as calreticulin,” Journal of Parasitology, vol. 86, no. 5,
pp. 993–1000, 2000.
[57] G. Kasper, A. Brown, M. Eberl et al., “A calreticulin-like
molecule from the human hookworm Necator americanus
interacts with C1q and the cytoplasmic signalling domains of
some integrins,” Parasite Immunology, vol. 23, no. 3, pp. 141–
152, 2001.
[58] J. Rzepecka, R. Lucius, M. Doligalska, S. Beck, S. Rausch, and
S. Hartmann, “Screening for immunomodulatory proteins
of the intestinal parasitic nematode Heligmosomoides polygyrus,” Parasite Immunology, vol. 28, no. 9, pp. 463–472, 2006.
[59] J. Rzepecka, S. Rausch, C. Klotz et al., “Calreticulin from
the intestinal nematode Heligmosomoides polygyrus is a Th2skewing protein and interacts with murine scavenger receptorA,” Molecular Immunology, vol. 46, no. 6, pp. 1109–1119, 2009.
[60] D. I. Pritchard, D. S. W. Hooi, A. Brown, M. J. Bockarie, R.
Caddick, and R. J. Quinnell, “Basophil competence during
hookworm (Necator americanus) infection,” American Journal
of Tropical Medicine and Hygiene, vol. 77, no. 5, pp. 860–865,
2007.

International Journal of

Peptides

BioMed
Research International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Advances in

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Virolog y
Hindawi Publishing Corporation
http://www.hindawi.com

International Journal of

Genomics

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Nucleic Acids

Zoology

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
The Scientific
World Journal

Journal of

Signal Transduction
Hindawi Publishing Corporation
http://www.hindawi.com

Genetics
Research International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Anatomy
Research International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Enzyme
Research

Archaea
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Biochemistry
Research International

International Journal of

Microbiology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Evolutionary Biology
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Molecular Biology
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Advances in

Bioinformatics
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Marine Biology
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

