Regulation of Type 2 Immunity
by Basophils
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Abstract

The immune response against helminths and allergens is generally
characterized by high levels of IgE and increased numbers of Th2 cells,
eosinophils, and basophils. Basophils represent a relatively rare population
of effector cells and their in vivo functions are incompletely understood.
Recent studies with basophil-depleting antibodies revealed that these cells
might play an important role during the early and late stages of type 2
immune responses. To further characterize the relevance of basophils for
protective immunity and orchestration of allergic inflammation, we gener-
ated constitutively basophil-deficient mice. We observed a normal Th2
response induced by helminth infections or immunization with alum/OVA
or papain/OVA. However, basophils contributed to worm expulsion during
secondary helminth infection and mediated an IgE-dependent inflammatory
response of the skin. These results argue against a critical role of basophils
as antigen-presenting cells for induction of Th2 polarization and highlight
their effector cell potential during later stages of a type 2 immune response.
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4.1 Basophil Development
and Homeostasis

Basophils constitute a distinct hematopoietic cell
lineage although they are phenotypically and
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(FceRI) with a configuration consisting of the
IgE-binding a-chain and the signal-transducing
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f3- and v,-chains. However, a a-configuration of
FceRI can be found in other cell types including
eosinophils, monocytes, and subsets of dendritic
cells. Mast cells and basophils further express
high levels of the IL-3 receptor and produce a
similar set of effector molecules including hista-
mine, Th2-associated cytokines, and lipid media-
tors. However, mast cells can be distinguished
from basophils by their expression of the receptor
tyrosine kinase c-Kit. On the other hand, baso-
phils share some characteristics with eosinophils
including the condensed nuclear morphology,
completion of cellular maturation in the bone
marrow, and a short lifespan.

A model has been proposed how the eosinophil,
basophil, and mast cell lineages may be connected
developmentally [1]. All three lineages seem to
originate from a granulocyte/monocyte precursor
population which expresses the transcription fac-
tor ¢/EBPa. If in addition the transcription factor
GATA-2 is expressed in these precursor cells, they
start to develop into eosinophils. In contrast, when
c/EBPa is down-regulated while GATA-2 is up-
regulated the cells differentiate into a basophil/
mast cell common precursor population that can
give rise to basophils by secondary up-regulation
of ¢/EBPa or to mast cells if ¢/EBPa remains
down-regulated.

Mature basophils have a lifespan of about 60 h
under steady-state conditions [2]. However, the
lifespan can increase during inflammatory condi-
tions. Helminth infections of mice have shown
that basophilia results from increased de novo
production of basophils in the bone marrow and
probably a reduced rate of apoptosis [2]. The
main cytokine that stimulates basophil develop-
ment is IL-3. T cell-derived IL-3 has been shown
to play a critical role for mobilization of basophils
and for their recruitment to lymph nodes [3, 4].
More recently, it has been shown that another
cytokine of the hematopoietin family named thy-
mic stroma-derived lymphopoietin (TSLP) can
also induce basophilia in mice [5]. IL-3- and
TSLP-elicited basophils express different sets of
genes and may acquire different effector func-
tions. Further studies are required to determine
whether these populations represent distinct sub-
sets of basophils.
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4.2 TheRole of Basophils

for Differentiation of Th2 Cells

Basophils have been proposed to play a crucial
role for Th2 cell differentiation in mice. A sponta-
neous Th2 bias can be observed in mice with
enhanced basophil numbers like interferon-
response factor 2 (IRF2)-deficient [6] or Lyn
tyrosine kinase-deficient mice [7]. In vitro cul-
tures have shown that basophil-derived IL-4 pro-
motes Th2 polarization [8]. However,controversial
studies were reported with regard to the role of
basophils for Th2 polarization in vivo.

Basophils increase in numbers in draining
lymph nodes at early time points after allergen
administration or helminth infection of mice [9].
They express large amounts of IL-4 and low lev-
els of MHC-II [10]. Antibody-mediated deple-
tion of basophils resulted in poor Th2 development
in response to the pro-allergic protease papain
[10]. On the other hand depletion of dendritic
cells (DCs) by injection of diphtheria toxin in
CDI11¢-DTR mice had no effect. In addition,
selective expression of MHC-II on DCs resulted
in a poor Th2 response against the helminth
Trichuris muris suggesting that DCs are not
important as antigen-presenting cells for initia-
tion of Th2 responses at least under some experi-
mental conditions [11]. However, other studies
showed that DCs are critical for Th2 polariza-
tion. It was observed that DCs and basophils
cooperate during induction of Th2 cells in
response to papain [12]. Using a model of aller-
gic inflammation of the lung, it was further shown
that depletion of basophils with the MAR-1 anti-
body which binds to FceRI also depletes a subset
of DCs. These FceRI* DCs appeared critical for
Th2 polarization in draining lymph nodes [13].
Another study showed that the Th2 response to
Schistosoma mansoni eggs required DCs and
occurred independently of basophils [14]. We
recently generated a genetically basophil-
deficient mouse strain (Mcpt8Cre mice) and
demonstrated that Th2 polarization in response
to papain, alum/OVA, or Nippostrongylus brasil-
iensis infection occurred independently of baso-
phils [15]. These results were also confirmed by
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others with another strain of basophil-deficient
mice [16].

Taken together, basophils are potent producers
of IL-4 but they appear dispensable for Th2 polar-
ization in most experimental models studied so
far. However, it remains possible that basophils
promote Th2 polarization under certain condi-
tions especially during memory responses [17].

4.3 Basophils as Mediators

of Allergic Responses

Basophils can be found in increased numbers in
mucosal tissue of patients suffering from allergic
rhinitis [18] or atopic asthma [19, 20]. The effec-
tor functions of basophils in allergic airway
inflammation include the release of vasodilators
like histamine or platelet-activating factor and
Th2-associated cytokines like IL-4, IL-5, and
IL-13. In contrast to mast cells which dominate
the early response, basophils appear more impor-
tant during the late-phase response [21].

Allergic reactions of the skin are also associ-
ated with basophil recruitment and activation.
Arecent study found that basophils were increased
in skin biopsies of patients suffering from atopic
dermatitis, urticaria, scabies, prurigo, Henoch-
Schonlein purpurea, insect bites, eosinophilic
pustular folliculitis, and bullous pemphigoid [22].
At present it remains unclear to what extent baso-
phils contribute to inflammation of allergic skin
reactions. Murine models have shown that IgE-
mediated basophil activation in the skin is essen-
tial for a late phase of skin inflammation
suggesting that basophils may indeed play a cru-
cial role during the effector phase of allergic
responses in the skin [15, 23, 24].

Basophils were also reported to contribute to
systemic anaphylactic reactions. In a murine
model of anaphylaxis basophils have been shown
to release platelet-activating factor (PAF), a
potent vasodilator, when stimulated by cross-
linking of IgG1 bound to activating Fc gamma
receptors on the cell surface [25]. Depletion of
basophils with monoclonal antibodies prevented
the anaphylactic reaction. However, similar
experiments in genetically basophil-deficient
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mice could not confirm this observation [15].
Furthermore, other cell types like neutrophils or
macrophages have also been shown to be impor-
tant for IgG1-mediated anaphylaxis [26, 27].

4.4  Protective Inmunity Against

Ticks and Helminths

Ticks of the Ixodid family are ectoparasites that
inject their mouth parts through the skin and suck
blood from the host. During that process several
substances are injected with the tick saliva into
the host to avoid blood clotting and inflammation
[28]. A study from almost 40 years ago has shown
that basophils accumulate in the skin of guinea
pigs infested with tick larvae [29]. It was further
shown that injection of a basophil-depleting anti-
serum resulted in loss of resistance against sec-
ondary tick infestation [30]. However, it remained
unclear whether basophils directly contribute to
tick resistance. A recent report demonstrated that
depletion of basophils by injection of diphtheria
toxin in mice which express the diphtheria toxin
receptor exclusively on basophils results in dimin-
ished resistance against the tick Haemaphysalis
longicornis [23]. The authors further observed
that mast cells are also required for tick resistance.
However, expression of activating Fc receptors
was required on basophils and not on mast cells.
Whether basophils are involved in limiting
dissemination of tick-transmitted pathogens
remains to be determined.

Helminths are parasitic worms and comprise a
very diverse spectrum of organisms that are gen-
erally well adapted to their hosts and can often
persist for months to years. Gastrointestinal hel-
minths are transmitted by the oral route or by pen-
etration of larvae through the skin. They induce a
type 2 immune response characterized by Th2
polarization, eosinophilia, and high serum IgE
levels. Mast cells and basophils are also mobi-
lized and can increase in numbers in infected tis-
sues. The role of basophils for protective immunity
against gastrointestinal helminths can be studied
in mouse models. Studies with genetically
basophil-deficient Mcpt8Cre mice revealed that
basophils are not required for worm expulsion
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during primary infection with Nippostrongylus
brasiliensis [15]. Th2 polarization, eosinophilia,
and serum IgE levels were also not affected by
the absence of basophils. However, protection
against secondary infection was compromised in
basophil-deficient mice [15]. Basophils were also
reported to contribute to expulsion of Trichuris
muris, a gastrointestinal helminth that mainly
populates the large intestine [5]. The protective
function of basophils is probably dependent on
helminth-specific antibodies that can bind to acti-
vating Fc receptors on basophils and thereby
mediate activation of basophils upon antigen
encounter. Further studies are required to unravel
the mode(s) of basophil activation and their effec-
tor functions against helminths.

4.5 Conclusion

Based on murine models basophils appear impor-
tant for protective immunity against ticks and hel-
minths. On the other hand they mediate chronic
inflammatory skin reactions. The proposed role of
basophils as critical Th2-polarizing antigen-pre-
senting cells could not be confirmed with geneti-
cally basophil-deficientmice. Abetterunderstanding
of basophil biology will hopefully lead to improved
treatments of allergic skin reactions and develop-
ment of vaccines against helminths. Unfortunately,
most of our current knowledge about basophil
in vivo functions is based on murine models.
Whether the results can be translated to the human
immune system remains to be determined.
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