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Abstract
Basophils account for only 0.1-1% of all peripheral blood leu-
kocytes. They were considered to be a redundant cell type
foralongtime. However, several findings show a non-redun-
dant role for basophils in type 2 T-helper cell (Th2) immune
responses in helminth infections, allergy and autoimmun-
ity. Both immunoglobulin-E-dependent and -independent
pathways have been described to contribute to basophil ac-
tivation. In addition, several recent studies reported that ba-
sophils can function as antigen-presenting cells and are im-
portant in the initiation of Th2 immune responses. However,
there are also conflicting studies that do not corroborate the
importance of basophils in Th2 immune responses. This re-
view discusses the role of basophils in Th2 immune respons-
es in view of these recent findings.

Copyright © 2012 S. Karger AG, Basel

Introduction

Basophilic granulocytes have been discovered more
than a century ago [1], but it took more than 9 decades to
demonstrate their direct involvement in allergy [2]. Gran-
ulocytes are divided into three subsets: basophilic granu-
locytes, eosinophilic granulocytes and neutrophilic
granulocytes. Basophilic granulocytes circulate in the
peripheral blood and account for approximately 0.1-1%
of blood leukocytes. They measure 7-10 pm in diameter,
have a segmented nucleus and contain metachromatic
granules. Basophils share some features with mast cells
and have often been considered as minor, and possibly
redundant, relatives of mast cells or as blood-circulating
precursors of tissue-resident mast cells [3]. Even though
basophils differ from mast cells in several aspects (ta-
ble 1), they are more conveniently isolated (from the
blood) than mast cells (from the tissues) and are often
used as a surrogate for mast cells [4]. An important im-
munological role of basophils emerged when immuno-
globulin E (IgE)-dependent interleukin (IL)-4 and IL-13
secretion by these cells was discovered (fig. 1) [5-8]. More
recently, several studies in mouse models were published
that indicate that basophils may act as antigen-presenting
cells (APCs). In addition, basophils were shown to be in-
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Fig. 1. Classical view of basophil in allergy.
IgE crosslinking on the basophil by aller-
gens leads to (1) degranulation and media- v
tor release resulting in immediate hyper-
sensitivity, and (2) to secretion of IL-4 and
IL-13 that enhance the Th2 immune re-
sponse which is involved in allergy.
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Table 1. Major features of human mast cells and basophils

Basophils

Mast cells

GMP

bone marrow

days to weeks

intravascular (<1% of WBC)

segmented

LTC,, LTD,, LTE,, PAF

histamine, chondroitin sulphate, protease
Charcot Leyden crystals, MBP

IL-3, IL-5, GM-CSF, CCL2, CCL5, CCL7, CCLS,
CCL11, CCL13, CCL24, CCL26, leptin, Flt3-L,
TSLP

IL-3,IL-4, IL-5, IL-6, IL-8, IL-9, IL-13, IL-25,
APRIL, BAFF, RA, VEGF-A/B, CCL2, CCL3

Origin

Site of maturation
Lifespan

Primary location
Nucleus

Lipid mediators
Granule contents

Differentiation and
chemotactic factors

Secreted cytokines and other
growth factors

Phenotypical markers FceRI*, CD14-, CD117+~, CD123M, CD203c*

GMP

tissue

weeks to months

tissue

ovoid

LTB,, LTC,, LTD,, LTE,, PAF, PGD,
histamine, heparin and/or chondroitin
sulphate, protease (trypsin), tryptase

IL-3, IL-4, IL-6, IL-9, IL-33, GM-CSF, NGF, SCF,
TSLP, CCL2, CCL5, CCL7, CCL8, CCL11,
CCL13, CCL24, CCL26

IL-3, IL-5, IL-6, IL-8, IL-9, IL-13, TGF-B3, TNF,
TSLP, CCL1, CCL2, CCL3, CCL4, CCL5, CCLS,
CCL17, CCL22

FceRI*, CD14-, CD117%, CD203c*/~

GMP = Granulocyte-monocyte progenitors; WBC = white blood cells; LTC4 = leukotriene Cy; PGD, = prostaglandin D,;
MBP = major basic protein; GM-CSF = granulocyte macrophage colony-stimulating factor; Flt3-L = Flt3 ligand; NGF = nerve growth
factor; SCF = stem cell factor; APRIL = A proliferation-inducing ligand; RA = retinoic acid; VEGF = vasoendothelial growth factor;

TGEF-B = transforming growth factor-f; TNF = tumour necrosis factor.
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volved in inducing and perpetuating type 2 T-helper cell
(Th2) responses. This review describes these recently dis-
covered functions of basophils.

Basophil Progenitors and Differentiation

Human basophils and mast cells arise from CD34*
granulocyte-monocyte progenitors in the bone marrow.
Differentiation and survival of human basophils is main-
ly dependent on IL-3, IL-5 and granulocyte macrophage
colony-stimulating factor, with IL-3 being 10- to 50-fold
more potent than the other two factors [9, 10]. IL-3 also
induces ST2 (IL-33Rat) expression on basophils, leading
to enhanced IL-33 responsiveness [11]. The important
role of IL-3 is illustrated by the fact that differentiation of
human basophils from human cord blood precursors oc-
curs in 3 weeks in the presence of recombinant IL-3 in
vitro [12]. Recently, enhanced differentiation, survival
and/or activation of basophils have been found under the
influence of IL-33 [11] and leptin [13].

Thymic stromal lymphopoietin (TSLP), produced by
epithelial cells, stromal cells and mast cells, promotes the
expansion of basophils in mice [14-20]. TSLP promotes
mouse basophil haematopoiesis and activation indepen-
dently of IL-3. TSLP-induced basophils are smaller in size
than IL-3-stimulated basophils and express higher levels
of IL-33R. A role for TSLP in the maturation of human
basophils has not been shown to date. However, the ma-
jority of basophils from healthy human donors express
TSLP receptor. Also, IL-33R levels are significantly high-
er in human basophils obtained from inflammatory sites,
suggesting that TSLP also induces basophil haematopoi-
esis and activation in allergic humans [14].

Production and Storage of Mediators by Basophils

Basophils produce and store histamine. Upon degran-
ulation, histamine causes symptoms such as flushing,
headache and tachycardia, and is involved in the imme-
diate allergic response as well as in anaphylaxis [21]. Ba-
sophils express histamine receptors and transporters.
Intracellular histamine negatively controls its own
synthesis and cytokine synthesis via the organic cation
transporter 3 [22]. Besides histamine, several other lipid
and protein mediators are stored and secreted by baso-
phils, such as platelet-activating factor (PAF), which is
much more potent on a molar basis than histamine [23]
and leukotriene C, (table 1).

Do Basophils Initiate and Perpetuate Th2
Responses?

Degranulation of basophils typically occurs upon IgE
crosslinking after exposure to allergens. However, baso-
phils can also be induced to degranulate by the comple-
ment factors 3a (C3a) and C5a, bacterial peptide N-for-
myl-methionine-leucine-phenylanaline (fMLP), IgD and
cytokines [24-26]. IL-33 alone or in combination with
IL-3 enhances IgE-induced histamine release and leuko-
triene C, production, but does not induce degranulation
or lipid mediator formation by itself [11]. The release of
the preformed mediators causes the symptoms of imme-
diate hypersensitivity [27].

Production of Cytokines

Besides the release of preformed mediators, baso-
phils can also produce several cytokines (fig. 2). They
can rapidly produce and secrete IL-4 and IL-13 upon
stimulation. This production is faster than normally ex-
pected for de novo protein synthesis and can be ex-
plained by the constitutive presence of low levels of IL-4
and IL-13 transcripts [28, 29]. In addition, human baso-
phils have been found to store CC chemokine ligand 2
(CCL2) [30].

IL-33 synergizes strongly with IL-3 to increase IL-4
production by basophils. IL-33 belongs to the IL-1 family,
is mainly expressed by fibroblasts, epithelial cells and en-
dothelial cells and plays a key role in Th2 responses [31,
32]. Combined with IgE crosslinking, IL-33 also enhanc-
es histamine and IL-13 release. IL-33 also promotes mast
cell- and basophil-driven inflammation and anaphylaxis,
due to its ability to activate IgE-dependent and -inde-
pendent effector responses [33, 34]. IL-33 induces IL-9
production in human basophils, which is even more
increased by simultaneous stimulation with IL-3 [35].
Several additional cytokines are produced by human ba-
sophils (table 1).

Mouse basophils not only respond to TSLP as de-
scribed above, but can also produce TSLP [36]. However,
it is not clear yet whether human basophils can produce
TSLP as well. Both mouse and human basophils pro-
duce IL-25 (or IL-17E), which has an important role in
the regulation of Th2 memory cells [37]. Together with
TSLP and IL-33, IL-25 can condition dendritic cells
(DCs) to induce a unique type of inflammatory Th2
cells, which not only produce IL-4, IL-5 and IL-13, but
also tumour necrosis factor-a instead of IL-10 [18, 38,
39]. This suggests a role for basophils in chronic allergic
diseases, as IL-25 and IL-25R are associated with these
diseases [40].
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Fig. 2. Activation pathways of basophils.
Basophils can be activated by cytokines,
allergens and IgE crosslinking. Activation
via one of these pathways leads to specific
cytokine and chemokine responses. Cyto-
kine responses to allergens or IgE cross-
linking can be enhanced by IL-33. Baso-
phils also respond to complement factors
C3a and Cba, bacterial peptide fMLP and
IgD crosslinking. Furthermore, basophils
can be recruited to the lymph nodes by
CCL7 and IL-3. GM-CSF = Granulocyte-
macrophage colony-stimulating factor;
LN = lymph node; RA = retinoic acid;
VEGF = vasoendothelial growth factor.

Cytokines (IL-3, IL-5, IL-18, IL-
33, GM-CSF, TSLP)

IL-4, IL-5, IL-6, IL-8, IL-9, IL-13, IL- L 4
25, RA, CCL3

Allergens IgE

C3a, C5a, fMLP,
IgD

Recruitment to LN

IL-3, IL-4, IL-13, IL-25, VEGF-A/
B, CCL3
IL-4, IL-5, IL-13

In response to IL-3, human basophils produce retino-
ic acid, which enhances differentiation of Th2 and regu-
latory T (Treg) cells and inhibits Th17 cell differentiation
[41-43]. Human basophils produce IL-3 upon FceRI
crosslinking, which acts in an autocrine fashion [12]. IL-
3-induced production of amphiregulin, which is a strong
Th2 stimulus and member of the epidermal growth fac-
tor family, has also been found in human basophils [44,
45]. Through FceRI crosslinking, human basophils also
produce vasoendothelial growth factors A and B which
are also involved in tissue remodelling [46]. These find-
ings, along with the notion that basophils produce IL-9
[35], suggest a role for basophils in tissue remodelling
seen in chronic allergic inflammation [44, 45].

Activation of basophils may also play a role in compro-
mising epithelial barrier function via the production of
IL-4 and IL-13. An in vitro study in Calu-3 lung epithe-

10 Int Arch Allergy Immunol 2013;160:7-17

lial cells showed a disrupting effect of IL-4 and IL-13 on
epithelial barrier function and wound healing. Thus, IL-4
and IL-13 seem to be involved in the exacerbation seen in
severe asthma patients [47].

Presence of Basophils at Inflamed Tissue Sites

Basophil infiltrates have been observed in several hu-
man allergic diseases, such as atopic dermatitis, allergic
asthma and allergic rhinitis [48]. Originally, the involve-
ment of basophils was suggested by the presence of spe-
cific mediator profiles in the late allergic responses fol-
lowing allergen provocation [49]. Later, specific antibod-
ies confirmed the presence of basophils in inflamed tissue
[50]. Both presence of the basophils and their state of ac-
tivation indicate a role of basophils in allergic inflamma-
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tion, although this has not yet been formally proven. Ba-
sophils enter tissue sites within several hours after expo-
sure to allergens [51]. However, it is conceivable that by the
time basophils enter these tissues, the allergens may have
been cleared already. This evidently leads to the question
as to what else, other than allergen-mediated stimulation,
can drive basophil activation following extravasation into
tissue sites affected by allergic inflammation. Recently, it
has been demonstrated that mouse basophils can be acti-
vated by IL-18 and IL-33 to release large amounts of cyto-
kines such as IL-4, IL-6, IL-9, IL-13, CCL2, CCL3, CCL4,
CCL5 and granulocyte macrophage colony-stimulating
factor, but not IL-17, IL-5 and interferon-y [51-53].

Functional Role of Basophils in Responses to
Parasites and in Autoimmunity

For a long time, basophils have been recognized as
players in Th2 immunity [2]. In addition to a role in al-
lergy as described above, Th2 responses are important in
protective immunity against parasitic infections. Baso-
phils are involved in immunity against parasites such as
the intestinal helminths Trichuris muris [15], Necator
americanus [50] and Nippostrongylus brasiliensis [29, 54,
55], Schistosoma mansoni eggs [15] and ticks [4]. Baso-
phils also protect against the microbes Moraxella ca-
tarrhalis and Haemophilus influenzae by the production
of antimicrobial factors via crosslinking of membrane-
bound IgD molecules. In addition, IgD crosslinking by
bacterial antigen results in support of class switching in
B cells from IgM to IgG and IgA by basophil-derived B-
cell-activating factor (BAFF) and A proliferation-induc-
ing ligand [56]. Mouse basophils are also involved in sup-
porting plasma cell survival [57], but these findings need
to be confirmed in humans.

Besides these crucial roles in Th2 responses in allergy
and parasitic infections, basophils are involved in auto-
immunity. Autoimmunity is commonly described as a
Thl, Th17 and/or Treg cell-mediated response, but sev-
eral autoimmune diseases are also caused by a predomi-
nant Th2 immune response. Basophils have been found
to be involved in autoimmune diseases such as autoim-
mune urticaria [58] and bullous pemphigoid [48], and
their IgD-mediated activation could imply involvement
in other autoinflammatory diseases [58]. Basophils may
also be involved in rheumatoid arthritis, although their
role is probably redundant [59].

In systemic lupus erythematosus (SLE), all Th1, Th2,
Th17 and Treg cell subsets are involved. Multiple organs

Do Basophils Initiate and Perpetuate Th2
Responses?

seem to be affected by SLE. Kidney damage (lupus ne-
phritis) by deposition of immune complexes formed by
IgG, IgM, IgA or IgE may lead to renal failure and death
[60]. Rivera and colleagues [61] used a Lyn™~ mouse mod-
el for lupus nephritis and showed that basophils play a
crucial role in the support of autoreactive plasma cells
and the secretion of autoantibodies, as well as the sur-
vival and differentiation of B cells, possibly via mem-
brane-bound BAFF and IL-6 secretion. The observation
of membrane-bound BAFF expression in mice is similar
to what was found in human basophils, in which mem-
brane-bound BAFF is expressed after IgD crosslinking
[56, 60, 61]. Furthermore, Lyn™~ basophils express more
CD62L (L-selectin, important in recruitment to second-
ary lymphoid tissue), which is dependent on the presence
of IL-4 and IgE. In basophils from SLE patients, the acti-
vation markers CD62L, CD203c and HLA-DR are up-
regulated [61]. Basophils are also detected in lymph nodes
and spleens of patients, in contrast to control subjects
without SLE. Thus, basophils may be held responsible for
the production of autoantibodies in SLE and the perpetu-
ation of the pre-existing loss of B-cell tolerance [61].

Do Basophils Induce Th2 Type Responses?

An increasing number of papers has been published
that address the role of basophils in inducing Th2 type
responses. At least two major pathways have been identi-
tied by which basophils are activated to produce the Th2
signature cytokine IL-4. The IgE-dependent pathway in-
volves the binding of allergen-IgE complexes to FceRI,
implicating a pre-existing immune response against the
antigen, resulting in the formation of allergen-specific
IgE antibodies. This raises the question of which cells are
involved in inducing this primary IL-4-dependent Th2
response.

Another pathway for basophilic IL-4 production is in-
duced by the presence of cytokines such as IL-3 and IL-33
or, in mice, IL-18 [62]. As discussed above, IL-33 has a
pronounced agonistic action with IL-3 on basophils to
increase IL-4 and IL-13 release. Interestingly, IL-33 is
produced by epithelial cells upon stimulation with aller-
gens or parasitic infection [31, 63] and is thought to be
released when epithelial cells are lysed [32]. This may sug-
gest that basophils are triggered to produce IL-4 and IL-
13 in response to tissue damage, thus initiating Th2 re-
sponses in the absence of pre-formed IgE.

Pathogen-associated molecular patterns such as pro-
teases [62], peptidoglycan and other Toll-like receptor
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(TLR) ligands, but not the bacterial peptide fMLP or C5a
[12], can also enhance the production of Th2 cytokines
by basophils. Upon stimulation with Der p 1, a house dust
mite (HDM) protease, or N. americanus, human baso-
phils produce high levels of IL-4, IL-5 and IL-13 in an
IgE-independent fashion [64]. These IgE-independent
activation pathways may point to an important role for
basophils in providing the initial IL-4 and IL-13 needed
to prime Th2 cells in response to tissue damage or infec-
tion.

However, this suggests that basophils should also be
able to act as APCs. Professional APCs are very efficient
in taking up, processing and presenting antigens to naive
T cells. They provide peptides via major histocompatibil-
ity complex (MHC) molecules, they costimulate by mol-
ecules such as CD80 and CD86, and they produce cyto-
kines [65].

Studies in mouse models have resulted in insight into
the antigen-presenting processes of basophils. Mouse ba-
sophils were reported to present antigens to CD4* T cells
and to express relevant costimulatory molecules, despite
having a very low MHC class II (MHC-II) expression
compared to DCs and B cells [57]. Several studies in
mouse models have even shown that basophils rather
than DCs are the critical APCs or at least the critical pro-
viders of IL-4 for the local induction of allergen-specific
Th2 type responses [15, 66, 67]. Other studies have added
considerable doubt to these findings [68, 69].

One of the first studies that reported the necessity of
basophils in inducing Th2 type responses in vivo was a
study by Sokol et al. [36]. The authors depleted >90% of
the basophils, but no skin or intraperitoneal mast cells by
administration of the MAR-1 antibody against FceRla.
They observed, after papain immunization, that mouse
basophils are necessary to induce TSLP-dependent Th2
skewing in the lymph nodes [36]. Furthermore, they
showed that basophils produce IL-4, IL-13, TSLP and
CCLI in response to papain stimulation [36]. In a follow-
up study, the same group demonstrated that mouse baso-
phils cause Th2 cell differentiation in an MHC-II-depen-
dent and IL-4-dependent manner, both in in vitro and in
vivo experiments [66].

Further, Perrigoue et al. [15] showed that when MHC-
IT expression is restricted to CD11c" cells and no MHC-II
is present on, amongst others, basophils, an improper
Th2 response against T. muris is induced. In IL-4-eGFP
(4get) mice, IL-4-producing basophils have been found
to respond to T. muris infection, expressing MHC-II at
an intermediate level [15]. Basophils can also promote
the proliferation and production of IL-4 by CD4" T cells

12 Int Arch Allergy Immunol 2013;160:7-17

in vitro, which is MHC-II dependent [15]. In another
study by Yoshimoto et al. [67], basophils were the only
APCs that are able to induce Th2 cells. Contrasting with
other APCs, basophils pulsed with 2,4-dinitrophenyl-
conjugated ovalbumin (OVA) in the presence of 2,4-di-
nitrophenyl-specific IgE antibodies have a greater capac-
ity to induce the proliferation of OVA-specific T cells.
This can be explained by FceRI expression on basophils
which mediates the effective uptake of allergen-IgE com-
plexes leading to more efficient antigen presentation
[67].

These studies clearly indicate that basophils play an
important role in the induction of Th2 responses in mice.
However, others could not reproduce these results and
have found no measurable effects of basophils in mice
infected with active S. mansoni or eggs after depletion of
basophils by MAR-1 antibody to FceRIa [70]. Instead,
70-80% CD11c* DC depletion in the same system as used
by Sokol et al. [36] disrupted Th2 induction. In contrast
to the data obtained by Sokol et al. [36], this implies that
a key role for basophils in the induction of the Th2 re-
sponse induced by schistosome eggs may be unlikely [70].

Apart from an inducing role of basophils for Th2 re-
sponses, another model can be proposed in which DCs
are key APCs, but basophils provide the IL-4 and IL-13
to induce a Th2 response. HDM inhalation results in re-
cruitment of inflammatory DCs, basophils and eosino-
phils in a TLR4-dependent pathway. Depletion of baso-
phils in this model only partially reduces Th2 responses,
but depletion of eosinophils has no effect on Th2 respons-
es. Therefore, a model has been proposed whereby DCs
initiate and basophils amplify Th2 immunity to HDM
allergen [68].

A study by Tang et al. [71] suggests that both DCs and
basophils are needed to generate a Th2 response. Mouse
basophils immunized with endogenous or exogenous
OVA plus papain are not sufficient to effectively stimulate
proliferation of CD4* T cells. Depletion of mouse baso-
phils by injection of MAR-1 antibody does have no effect
on T-cell proliferation, but reduces the IL-4 production
by CD4" T cells. Furthermore, DCs have been shown to
have an essential role in the uptake and presentation of
papain and OVA. However, DCs alone are unable to pro-
duce sufficient amounts of IL-4 to induce IL-4 produc-
tion in Th2 cells. Basophils alone are also unable to in-
duce IL-4 production in Th2 cells. The combination of
DCs and basophils are required to induce a considerable
number of IL-4* Th2 cells. In summary, this study sug-
gests the need of DCs to induce CD4* T-cell proliferation,
whereas basophils are mandatory as an accessory cell in
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providing IL-4 in response to papain. It has also been
found that reactive oxygen species signalling is crucial to
trigger TLR4 and the subsequent production of TSLP by
epithelial cells, to suppress Thl cytokine production in
DCs and to induce DC-derived CCL7 production that re-
cruits basophils via CCR3 to the lymph node [71]. How-
ever, in the mentioned studies using MAR-1 antibodies
to deplete basophils, also a subset of inflammatory FceRI*
DCs are depleted. It is therefore not clear whether the ob-
served impairment of Th2 induction is due to basophil or
DC depletion [68].

Ohnmacht et al. [72] used transgenic Mcpt8Cre mice,
which constitutively have only 10% or less basophils com-
pared to normal mice, but have normal mast cell num-
bers. They concluded that basophils are not required in
primary Th2 immunity against N. brasiliensis, OVA-al-
um and papain, and do not prime Th2 cells under these
conditions. DCs appear to be the key cells to induce T-cell
proliferation and differentiation upon papain challenge
[72]. Min and colleagues [73] showed an additional effect
of IL-3 on mouse basophils. IL-3 is required for transient
recruitment of basophils to the lymph nodes after 3-4
days during infection with N. brasiliensis. However, ab-
sence of IL-3 does not affect the IL-4 production by CD4*
T cells and the Th2 immune response. Therefore, they
concluded that basophils may be dispensable for the ini-
tiation of Th2 responses in N. brasiliensis infection [73].
Basophils are also found to be the major source of IL-4
during primary infection with N. brasiliensis, whereas
IL-4-producing Th2 cells are the major source of IL-4
during secondary infection [54]. In addition, basophil
migration was found to be important in mounting the
Th2 response in the primary but not in the secondary in-
fection. However, basophil-derived IL-4 is not required
to support Th2 differentiation in primary nor in second-
ary infection [54].

By imaging the interactions between basophils and
CD4" T cells, Sullivan et al. [74] showed that mouse ba-
sophils interact only briefly with CD4" T cells in the
lymph nodes after immunization with S. mansoni eggs or
papain plus OVA, but they interact significantly longer
with CD4" cells in the lung after infection with N. brasi-
liensis with or without OVA. However, notably, different
immunization conditions were applied, which might also
have influenced the results.

Despite the large number of research efforts, the pre-
cise mechanism by which basophils contribute to Th2 re-
sponses against pathogens and allergens is not entirely
clear yet. It might be concluded that they only have an ac-
cessory role in which they provide IL-4 and IL-13 and act

Do Basophils Initiate and Perpetuate Th2
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synergistically with DCs. Alternatively, others clearly
show that in some models, basophils are the main APCs
and provide IL-4 and TSLP as well (fig. 3). The nature of
the antigen and the site where the antigen is encountered
may play a crucial role in determining whether basophils
are the key APCs in inducing and maintaining Th2 re-
sponses, or merely are an accessory cell.

Prolongation of Th2 Type Responses by Basophils

As described above, basophils are important in the ini-
tiation phase of Th2 responses. This section will discuss
evidence that basophils are also involved in prolonging
ongoing Th2 responses. Prolongation of the Th2 type re-
sponse in e.g. allergy by basophils is mediated by IgE
crosslinking resulting in histamine and cytokine pro-
duction. Basophil-depleted mice suffer from increased N.
brasiliensis burden and impaired worm expulsion com-
pared to non-depleted mice [29]. The role of mast cells
and eosinophils in worm expulsion has been excluded by
other studies [75, 76]. It has also been shown that basophil
depletion leads to reduced eosinophil numbers in blood,
spleen and lungs in response to worm infection [29]. De-
letion of both basophil-derived and Th2 cell-derived IL-4
and IL-13 results in an increased N. brasiliensis burden in
mice as well [74]. Papain stimulation and IgE crosslink-
ing induces TSLP expression in mouse basophils. Fur-
thermore, activated basophils have been found to pro-
duce TSLP protein in the lymph nodes, which is related
to chronic allergic inflammation [36]. Mouse basophils
enhance memory responses in vivo. Being the major
source of IL-4 and IL-6 in spleen and bone marrow after
restimulation with allophycocyanin, basophil depletion
leads to an impaired humoral memory response and in-
creased susceptibility to Streptococcus pneumonia [77]. In
the Mcpt8Cre mouse model, basophils do play an impor-
tant role in the protective memory response to secondary
infection with N. brasiliensis and are essential in IgE-me-
diated chronic allergic inflammation by recruiting eo-
sinophils [72]. The latter finding corroborates the find-
ings in another mouse model, in which basophils were
depleted with Ba103 antibody to CD200R3 and have been
shown to contribute only in a minor way to IgE-mediated
immediate-type allergic reactions. In contrast, basophils
are essential initiators of this chronic inflammation, but
not in type I hypersensitivity [78]. They found that in an-
other mouse model, protection against secondary infec-
tion with N. brasiliensis is also critically dependent on
basophils [69].
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Fig. 3. Integration of current knowledge
on basophils. When antigen enters the
body, it passes the epithelial barrier, caus-
ing tissue damage in several cases. Epithe-
lial cells may be triggered to produce cyto-
kines that prime basophils and DCs. As a
result, basophils rapidly produce IL-4,
which primes naive Th cells to differenti-
ate into Th2 cells. Also, IL-4 combined
with TSLP activates DCs to prime naive
Th cells to differentiate into Th2 cells. Th2
cells are responsible for protective immu-
nity against helminths and allergic in-
flammation. DCs are known to interact
with Th cells to present antigen and to pro-
vide costimulation. In some mouse mod-
els, basophils do the same job. The ques-
tion marks at antigen presentation by ba-
sophils in this figure underline the need
for data on antigen presentation by human
basophils. GM-CSF = Granulocyte-mac-
rophage colony-stimulating factor; TCR =
T-cell receptor.

Epithelium

GM-CSF
25
(1-33)
w3

Thus, in addition to the initiating role in Th2 immune
responses, basophils are involved in the maintenance and
modulation of Th2 immune responses by IgE crosslink-
ing and IL-4 and IL-13 secretion.

Discrepancies between Human and Mouse
Basophils

As many studies have been performed on mouse and
human basophilic surface markers and functions, several
phenotypical as well as functional differences have been
observed. Mouse basophils can be characterized by the
expression of CD11b, CD49b, CD200R3, FceRI, Thyl.2
and 2B4 and the absence of CD3, CD117, CDll1c, B220,
Grl and NK1.1 [79]. Human basophils can be character-
ized by the expression of CD49b, CD123 (IL-3R), CD192
(CCR2), CD193 (CCR3), CD203c and FceRI and the ab-
sence of CD3, CD11c and CD14 (table 1). They also ex-
press several TLRs, such as TLR2 and TLR4 [12, 80]. Fur-
thermore, they bear receptor-bound IgD on their mem-
brane [56].
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Mouse basophils induce anaphylaxis by the release of
PAF via stimulation of FcyRII-III by IgG-antigen im-
mune complexes [23]. Human basophils do express
FcyRIT (CD32) [81] and FcyRIIIB (CD16b) [82], but
seem to lack FcyR-mediated activation due to the pres-
ence of FcyRIIB and the coupled immunoreceptor tyro-
sine-based inhibition motif. In addition, FcyRIIB signal-
ling in mouse basophils seems to differ from human ba-
sophils [83]. Furthermore, in contrast to rodents, the
existence of an FcyR-mediated anaphylaxis in man re-
mains controversial [84]. Therefore, it is doubtful wheth-
er human basophils are involved in FcyR-mediated ana-
phylaxis as observed in mice [51], although severity of
human anaphylaxis is directly correlated with serum
PAF levels and inversely correlated with serum PAF
acetylhydrolase activity [85]. However, the contribution
of PAF production by human mast cells, monocytes and
macrophages is unknown. This could mean that an IgG-
mediated anaphylactic pathway may exist in humans or
that IgG contributes to anaphylaxis severity, but it is un-
clear whether human basophils or mast cells are involved
in such reactions. Additional studies are needed to eluci-
date this question.
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Another important difference between human and
mouse basophils is the lack of protease-activated receptor
expression by human basophils. This could mean that the
activation observed in mouse basophils by HDM [64] or
papain extracts [66] is not comparable to the human situ-
ation. Additionally, IL-18 fails to activate human baso-
phils, in contrast to mouse basophils [11]. All these dif-
ferences show that caution should be applied in translat-
ing mouse research on basophils to the human situation.
Some functions of basophils such as the antigen-present-
ing function and TSLP production need to be confirmed
in humans.

As discussed above, considerable functional differenc-
es have been observed between human and mouse baso-
phils, which underlines the need of confirmation of data
obtained from mouse studies in man. The role of human
basophils in antigen presentation is not yet clear. There
seems to be evidence that human basophils may differ
from mouse basophils as they do not act as APCs. Using
fluorescently labelled Bet v 1, Kitzmiiller et al. [86] showed
that human basophils efficiently bind the major birch pol-
len allergen Bet v 1 through IgE-antigen complexes, but do
not internalize Bet v 1 and only marginally upregulate
HLA-DR, and fail to induce proliferation and cytokine
production in Bet v 1-specific T cells. Additionally, Nie-
derberger and colleagues [87] found that basophils of al-
lergic patients are not capable to induce T-cell proliferation
in secondary responses to Bet v 1. Various allergen-loaded
APCs (DCs, monocytes and macrophages), depleted of ba-
sophils, do induce T-cell proliferation. Moreover, adding
basophils to these APCs does not have any effect on T-cell
proliferation in allergic immune response [87].
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