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Summary

Allergen-specific immunotherapy is an effective clinical treatment for hyper-
sensitivity to many allergens. Studies of basophils during immunotherapy
have provided insight into underlying immune mechanisms and support the
potential use of basophil activation as a biomarker of clinical outcomes. This
review examines the evidence for different pathways of basophil modulation
associated with various forms of immunotherapy. Better understanding the
molecular mechanisms of basophil activation and desensitization and the
relationship between suppression of these effector cells to clinical outcomes
holds promise for further development and improvement in potential thera-
pies for allergic diseases.
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Introduction

Basophils are a rare population of peripheral leucocytes
which play an important role as effector cells in allergic
disease. Characterized by their high surface expression of the
tetrameric form of the high-affinity immunoglobulin (Ig)E
receptor (FceRI), they can be stimulated in an IgE-
dependent manner to release a number of pro-allergic
inflammatory mediators, including histamine, leukotriene
C4 and T helper type 2 (Th2) cytokines [interleukin (IL)-4,
IL-13].

The earliest assessment of human basophil activation
focused on the measurement of ex vivo mediator release,
such as histamine and leukotriene C4 [1]. The subsequent
discovery of surface markers correlating with basophil acti-
vation has driven a shift in the predominant diagnostic
methodology toward the use of flow cytometry.

Assessment of basophil reactivity

Clinical studies utilizing flow cytometry for measurement of
markers of basophils activation have primarily focused on 2
markers, CD63 and CD203c. CD63 is a tetraspanin protein
localized predominantly to the membranes of late endo-
somes of many cell types, including modified late endosomes
that are the secretory granules of basophils. The dramatic
increase in CD63 surface membrane expression upon baso-

phil activation was shown to correlate closely with histamine
release [2,3]. This correlation holds for both IgE and non-
IgE mediated stimulation when the outcome of basophil
activation is ‘anaphylactic degranulation’ – complete fusion
of secretory vesicles with the plasma membrane – but not
with incomplete or ‘piecemeal degranulation’ [4]. Anaphy-
lactic degranulation results in a predominantly bimodal
CD63 expression (see Fig. 1). Another marker, CD203c, or
the type II transmembrane ectoenzyme E-NPP3 [5], is
basophil-specific and expressed constitutively on the cell
surface, although it is also up-regulated with activation. In
contrast to CD63, increases in surface CD203c are generally
more rapid, more transient and can be seen with stimuli that
result in activation without anaphylactic degranulation, such
as IL-3 [6,7] (see Fig. 1). Additional surface markers, such as
CD69, have also been used to study basophil activation,
although not as extensively as CD63 and CD203c [8].

The use of basophil activation markers as a diagnostic
measure of allergic disease has emerged as an investigative
tool, known as the basophil activation test (BAT). Clinical
applications for the BAT in the diagnosis of hypersensitivity
to drugs, food, Hymenoptera venom and environmental
allergens have been reviewed elsewhere [9,10], and these
studies hold promise for the use of BAT as an additional
clinical tool.

This review will discuss assessing alterations in basophil
activation in clinical immunotherapy trials [11,12], its
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correlation to clinical outcomes, and its kinetics. We will
discuss possible intrinsic and extrinsic mechanisms of
modulation. Intrinsic mechanisms reflect the internal pro-
cesses in basophils that may impact activation, whereas
extrinsic mechanisms refer to factors outside the individual
basophils which may impact their activation.

Measuring basophil activation and its suppression

One important aspect of allergen-induced basophil
degranulation is the allergen dose–response curve, which has
several important aspects that significantly influence the
interpretation of clinical studies discussed in this article. The
dose–response curve of IgE-mediated human basophil
stimulation with increasing doses of antigen is generally very
broad (often greater than 5 log difference) and is often sig-
nificantly bell-shaped (i.e. having both sub- and supraopti-
mal dose ranges) (see Fig. 2). In addition, there is a large
degree of variability of basophil sensitivity and maximal

responsiveness among different allergic donors to the same
allergen. Investigators have used specific characteristics of
the dose–response curve, including the maximal activation
(basophil reactivity, CDmax) as well as the effective dose at
50% of the maximal activation [50% effective dose (ED50) or
basophil sensitivity, CDsens], in comparisons between indi-
vidual donors [3,9,13]. We therefore propose calculating the
area under the curve (AUC; see Fig. 2) as an alternate
method of comparing basophil responses.

Clinical studies of basophil activity
during immunotherapy

Allergen-specific immunotherapy effectively improves clini-
cal symptoms of IgE-mediated, type I hypersensitivity to a
variety of allergens [12,14]. The underlying mechanism of
this clinical efficacy has been speculated to relate to the sup-
pression of allergic effector cells resulting in decreased
release of immediate effector molecules. Suppression of

Fig. 1. Markers of basophil activation.
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basophil activation has been seen in several routes of immu-
notherapy administration, including subcutaneous, sublin-
gual and oral immunotherapy [15–17]. These studies have
used traditional, cluster and rush protocols [15,18,19] to
study a diversity of allergens, including Hymenoptera venom,
environmental and food allergens [15,17,20]. Factors high-
lighted by these studies include the correlation of basophil
suppression in patients undergoing immunotherapy with
clinical improvement and the kinetics of basophil suppres-
sion during immunotherapy.

Correlation with clinical outcomes

Suppression of basophil activation in patients treated with
immunotherapy has been shown to correlate with treatment
efficacy. For example, histamine release from in vitro
antigen-stimulated peripheral mononuclear cells has been
found to be higher in patients treated with bee venom
immunotherapy who react to post-immunotherapy sting
challenge in comparison to those who tolerated the challenge
[21]. In a study of 21 patients undergoing bee venom immu-
notherapy for longer than 3 years, the five patients who
failed the sting challenge had the highest CD63hi percentage
of in vitro antigen-stimulated basophils [22]. Similarly, in a
study of venom allergic patients who underwent 2–7 years of
immunotherapy, those who failed sting challenge had sig-
nificantly higher in vitro antigen-stimulated basophil CD63
up-regulation than those who passed sting challenge [23]. In
17 immunotherapy patients with yellow-jacket or honeybee
allergy, patients with a clinical history of systemic reactions
had a higher CD203c up-regulation post-sting challenge
as well as in vitro antigen-stimulated basophil CD203c
up-regulation when compared to patients with a history of
large local reactions [8]. This study is unique in its compari-
son of the in vivo antigen stimulation via sting challenge, and
the in vitro antigen stimulation via antigen stimulation of
peripheral basophils, to demonstrate consistent CD203c
changes. CD63 did not follow the pattern of CD203c
up-regulation in this study; however, its assessment was
limited due to the near absence of a bimodal CD63 expres-
sion of basophils (see Fig. 1 and below).

Correlation of basophil activation with increased side
effects during immunotherapy has been described in
studies of Hymenoptera venom hypersensitivity. In patients
undergoing modified rush immunotherapy (RIT) to wasp,
those who had side effects had a greater percentage of
CD63hi basophils after in vitro antigen stimulation than
those who tolerated the immunotherapy [24]. The correla-
tion with side effects during immunotherapy was not
reproducible in a subgroup analysis of another study in
which 57 Hymenoptera venom-allergic patients underwent
immunotherapy [25–27]. Differences in the basophil acti-
vation testing parameters may account for these contradic-
tory results. Both studies also used a limited time-frame for
side effect monitoring during immunotherapy, which

may have created an artificial bias. Further studies aimed
specifically at assessment of side effects throughout
the duration of immunotherapy may substanciate this
correlation.

Suppression of other basophil effector functions, such as
the secretion of Th2 cytokines IL-4 and IL-13, has also been
studied. In a study by Plewako et al. in 14 patients undergo-
ing RIT with cat or birch extracts, CD203c expression as well
as histamine, IL-4 and IL-13 release were seen to be
decreased early in treatment, starting during the build-up
phase of therapy [28]. Notably, the authors also found that
the side-effect symptom score during the immunotherapy
correlated with a higher percentage of antigen-stimulated
IL-4- and IL-13-producing basophils before the start of
treatment as well as histamine release from antigen-
stimulated peripheral blood mononuclear cells. There was
continued suppression of basophil CD203c expression and
a decreased percentage of IL-4/IL-13-positive basophils
through the immunotherapy.

The correlation between clinical symptom scores and
basophil activation has also been seen in patients
who received immunotherapy with other allergens.
Patients who underwent RIT to Japanese cedar pollen
demonstrated in vitro antigen-stimulated basophil CD203c
suppression at 1 month after the initiation of immu-
notherapy, with continued suppression through the dura-
tion of the year-long study [20,29]. Here, quality of
life and symptom score assessment pre- and post-
immunotherapy demonstrated significant improvement in
this study.

However, some studies did not demonstrate any change
in basophil activation markers with immunotherapy. For
example, a placebo-controlled trial with five-grass pollen
sublingual therapy did not find any difference of in vitro
induced CD203c expression after 4 months of treatment,
despite symptomatic improvement in subjects’ rhinocon-
junctivitis [30]. Similarly, in 25 patients who underwent a
modified RIT protocol with wasp venom and tolerated a
subsequent sting challenge at 6 months, only two patients
had a decrease in their percentage of CD63hi basophils after
in vitro antigen stimulation [31]. However, the use of only
two antigen concentrations and the imposition of a CD63hi

cut-off to define a categorical response, based on BAT sen-
sitivity and specificity for diagnosis of hypersensitivity, may
have biased this study’s findings. In another double-blind,
placebo-controlled study of patients with Myrmecia pilo-
sula hypersensitivity, there was no difference in basophil
activation between immunotherapy and placebo patients
[32].

In summary, some studies demonstrate correlations
between clinical outcomes and basophil reactivity. However,
more work is needed to better understand which basophil
activation readouts are best and whether there are consistent
aspects of study design (e.g. dose, timing, route, etc) for
which basophils may be more or less suited as biomarkers.
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Mechanisms of basophil suppression
in immunotherapy

Kinetics of basophil suppression

Studies describing the kinetics of basophil suppression have
provided some of the first insights into the mechanisms of
that suppression. In 1996, Jutel et al. demonstrated that his-
tamine release from antigen-stimulated peripheral mono-
nuclear cells was decreased in bee-allergic patients after
undergoing the build-up phase of ultra-RIT [33], suggesting
that the early tolerance induced by the immunotherapy
resulted in basophil suppression. Since then, the onset of
basophil suppression during immunotherapy has been
studied in clinical trials with a variety of immunotherapy
schedules and routes.

In one peanut oral immunotherapy trial (OIT), during
which dose escalation occurred over months, the onset of
basophil suppression in immunotherapy-treated patients
occurred during the first 4 months of therapy compared to
baseline values before initiation of OIT, and persisted
through the immunotherapy period [17]. Similarly, Ebo
et al. noted that in patients treated with RIT for Vespula
vulgaris hypersensitivity noted that basophil CD63
up-regulation was not significantly different from baseline at
5 days, but was significantly decreased at 6 months [15].

Another study of RIT in 48 patients with Hymenoptera
venom hypersensitivity did not find any change of in vivo
basophil CD63 expression between the pre- and post-
build-up phase; however, in 20 of those patients who were
examined 1 week after completion of RIT, there was a sig-
nificant decline in CD63 basophil expression [34]. An
important methodological difference of this study is the
measurement of in vivo activation, which may influence the
ability to detect differences in basophil activation.

Interestingly, Mikkelsen et al. studied serial basophil acti-
vation in patients undergoing a mix of cluster and tradi-
tional subcutaneous immunotherapy to Vespula vulgaris,
with a 7–11-week build-up phase. Suppression of in vitro
antigen-stimulated basophil activation was seen at 3 weeks
and returned subsequently to the initial baseline, where
it remained at weeks 7 and at the time of maintenance
initiation [18]. As clinical outcomes of immunotherapy
were not reported, the absence of sustained basophil
suppression could be attributed to a lack of clinical
efficacy.

Comparison of the kinetics of basophil suppression with
immunotherapy is hampered by the need for serial mea-
surements through the build-up phases of immunotherapy,
as basophil suppression may be an early phenomenon
during the course of immunotherapy. This may be particu-
larly true if the immunotherapy protocol involves daily
exposure to antigen, which may be anergy-inducing, versus
intermittent allergen dosing, which may not have this effect
at all.

Extrinsic changes during immunotherapy

The serological changes that occur during immunotherapy
are likely a primary mechanism affecting basophil and other
effector cell activation. As degranulation is dependent on
antigen-stimulated specific IgE cross-linking on the surface
of basophils, modulation of basophil activation has been
speculated to correlate with levels of specific IgE. Evidence
for early transient increase in specific IgE has been seen in
oral and sublingual immunotherapy [16,17,30] with subse-
quent decrease in specific IgE after 1 or more years of immu-
notherapy [15–17], although some studies have not seen
significant change [20,29,35].

Factors that influence IgE-mediated basophil activation
(and therefore may also impact the suppression of basophil
activation) include surface density of the high-affinity IgE
receptor (FceRI), fraction of membrane-bound-specific IgE
(which is influenced by the ratio of specific to total IgE in the
serum) [36], the clonality of the antigen-specific IgE, bio-
chemical properties of the allergen and intrinsic basophil
sensitivity [9]. For instance, an elegant set of studies devised
by Christensen et al. utilized recombinant specific IgE with
predetermined affinity to Der p 2 to demonstrate the effect
of clonality of IgE on basophil activation [37]. This paper
demonstrates that both the affinity and composition of the
surface allergen-specific IgE impacts basophil degranulation.
The inconsistent changes in specific IgE levels associated
with clinically effective immunotherapy suggest that other
immunotherapy-induced changes are mechanistically more
important.

An early and sustained increase in allergen-specific IgG4
has been detected more reproducibly [16,17,20,28,29,34,38–
40], although older studies did not find an association
between IgG and clinical improvement [41,42]. Direct
suppression of basophil activation by allergen-specific
IgG4 could occur by either blocking IgE-allergen binding
and/or signalling via inhibitory IgG receptors. Several
studies have shown that IgG4-containing serum from
patients post-immunotherapy can suppress basophil activa-
tion [18,35,40,43,44] or decrease of b-hexosaminidase
release from rat basophilic leukaemia (RBL) cells [39].

One model of blocking IgE-allergen interaction with IgG
generated recombinant IgG with Phl p 2 epitope specificity
from a human grass-allergic donor’s IgE [45], to demonstrate
in vitro inhibition of IgE-grass pollen complex binding to
CD23 of B cells as well as decreased histamine release from
antigen-stimulated basophils. Subsequent studies of both
subcutaneous and sublingual grass-pollen immunotherapy
have shown the induction of allergen-specific IgG antibodies
with IgE-allergen blocking capability and their persistence
even after cessation of immunotherapy [46,47].

Using another mechanistic approach, Uermosi and col-
leagues devised a chimeric Fel d 1 IgG antibody to demon-
strate decreased degranulation of basophils from patients
with cat allergies [48]. Suppression was effective with either
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IgG1 or IgG4 and was increased further with the use of two
or three different epitope specificities of the IgG antibodies.
This increased suppression was speculated to be due to
more efficient FcgRIIB cross-linking. Interestingly, previous
work suggests that IgG epitope specificity is affected by
immunotherapy and increases suppressive activity after
immunotherapy [49].

IgG-mediated basophil suppression includes signalling
through low-affinity IgG receptors (FcgIIRA and FcgIIRB),
which are expressed on the surface of circulating basophils.
Stimulation of these receptors can induce inhibitory signal-
ling through their ITIMs. Using cat-specific IgG from serum
of cat allergic patients on subcutaneous immunotherapy,
Cady et al. demonstrated that suppression of CD203c
expression on basophils acts via inhibitory receptors FcgIIRA
and FcgIIRB [50]. Moreover, co-stimulation of FceRI and
FcgIIR on basophils results in suppression of basophil acti-
vation and increase in SHP-1 levels [51]. Another study uti-
lized a chimeric IgG antibody to bind both Fce and Fcg
receptors on basophils, which decreased antigen-specific
basophil degranulation from atopic donors [52]. Further-
more, a chimeric fusion protein of Fcg-Fce that bound both
FcgIIR and FceRI was found to decrease human basophil
activation as well as Syk phosphorylation in vitro [53]. This
type of inhibitory mechanism has been used in an antigen-
specific manner by Zhu et al., who devised a chimeric fusion
of Fcg to cat allergen Fel d 1 designed to aggregate FcgRIIB
and FcERI to demonstrate a decrease in histamine release
from basophils of cat-allergic patients [54].

The above studies suggest that extrinsic factors, such as
IgG4 and FcgRII stimulation, may contribute to the suppres-
sion of basophil activation during immunotherapy.

Intrinsic basophil changes during suppression

As noted above, suppression of basophil activity with immu-
notherapy has been evidenced by suppression of markers
of basophil activation. IgE-dependent basophil activation
begins with cross-linking of antigen-specific surface IgE,
with subsequent recruitment and phosphorylation of
tyrosine kinases Lyn and Syk, leading to activation of
Phosphoinositide 3-kinase (PI3K) and phospholipase C
activation. Intracellular calcium mobilization from inositol
triphosphate (IP3) generation leads to secretion and/or de
novo synthesis of basophil allergic mediators, including his-
tamine, cytokines and leukotrienes.

Variability in human basophil mediator release has been
linked to levels of these intracellular signalling molecules.
About 10–20% of the human population have ‘non-releaser
basophils’, which do not secrete histamine to anti-IgE stimu-
lation [55]. Basophil histamine release has been correlated
with expression levels of Syk and phosphatidylinositol 5′
phosphatase (SHIP) expression in the human population
[56]. A composite characteristic of basophil activation can be
summarized using the term ‘intrinsic basophil sensitivity’ to

refer to the intracellular signalling characteristics of patients’
basophils.

Additional studies on pathways of signal termination of
antigen-stimulated IgE-FceRI signalling pathways substanti-
ated the role of syk and actin-mediated pathways [57].
However, these studies also suggest that the pathways of
signal self-termination may not be the same as those of
anergy, or desensitization, in basophils. Several approaches
to study basophil anergy or desensitization have been
employed in vivo. The use of suboptimal antigen stimula-
tion, which would not stimulate maximal mediator release
from basophils for longer periods of time (24 h), resulted in
reduced Syk but not Lyn levels [58]. Another approach was
to stimulate basophils in vitro in calcium-free conditions,
which would inhibit mediator release. When basophils were
stimulated in a calcium-free environment in the presence of
actin inhibitors mediator release was unchanged, suggesting
that although actin-mediated pathways may play a role in
antigen-IgE-FceRI signal termination, they do not impact
basophil anergy [59].

The in vitro induction of basophil desensitization most
similar to the clinical model of immunotherapy uses
repeated antigen stimulation, which was performed by Lund
et al. to demonstrate grass-specific desensitization of baso-
phils from grass allergic donors [60]. A similar model of
antigen-induced anergy suggested that Syk and PI3 are not
involved in mechanisms of anergy [61]. A study inducing
desensitization by using increasing antigen concentrations
to stimulate antigen-specific IgE-sensitized bone-marrow-
derived mast cells suggested the internalization of FceRI–
IgE-antigen complexes is impaired during the process. This
is contrary to previous speculations about possible FceRI
internalization as a mechanism for decreasing antigen sen-
sitivity of allergen effector cells [62]. Whether this applies to
human basophils remains to be studied, as FceRI endocytosis
has been reported in these basophils [63]. Hence, further
studies on intrinsic changes in basophil activation during
immunotherapy are needed and may highlight potential
avenues for therapeutic intervention.

Conclusions

Clinical studies suggest that there is down-regulation of
basophil activity during the course of allergen-specific
immunotherapy. There is also some evidence for the use of
in vitro basophil activation tests to monitor clinical outcome
measures, including clinical efficacy and side effects. Other
measures, such as the quantity of allergen-specific IgE, do
not reflect the complexity of the in vivo allergic response, as
there are multiple factors regulating the activity of allergic
effector cells, including the ratio of specific to total IgE,
which has also been referred to as ‘IgE-specific activity’ [64].

While advances in multiparametric flow cytometry,
improvement in basophil isolation techniques and a better
understanding of basic basophil physiology has greatly
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enhanced our ability to study this rare population of immu-
nological cells, our use of basophil activation as a biomarker
continues to be limited by several factors. The size of the
clinical studies is often limited; the largest studies mentioned
above contain fewer than 50 patients. As there is considerable
heterogeneity between individual responses to immuno-
therapy as well as basophil reactivity, these studies are limited
considerably by their size.

Furthermore, the ongoing challenge in assessment of
basophil activation is the method of comparison between
donors using either the basophil sensitivity or basophil reac-
tivity measures. Depending on the basophil dose–response
curve, utilization of a limited allergen dose range and com-
parison of extrapolated parameters can lead to a bias towards
negative results. A more precise comparison of dose–
response curves might use the AUC to reflect basophil reac-
tivity in these large clinical studies (see Fig. 2).

Although our understanding of intracellular signalling
pathways in basophils is incomplete, further measurement of
these parameters in large clinical studies may provide more
valid insight into the modulation of this cell type during
immunotherapy.

In recent years, basophils have been shown to be able to
augment the initiation of allergic responses in murine
models, and may play a larger role in the allergic response
than mere allergen-induced secretion of immediate
mediators. Further exploration into the effect of immuno-
therapy on basophil functions may shed greater light on the
modification of the allergic response induced by
immunotherapy.

Disclosure

Studies on basophil activation by mouse allergen are sup-
ported by funding from NIAID R01 AI081845.
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