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Allergen-specific conventional immunotherapy decreases immunoglobulin
E-mediated basophil histamine releasability
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Introduction

Summary

Background Allergen-specific immunotherapy has proven to be clinically effective in the treatment
of patients with atopic asthma; however, the mechanisms are still unclear. Several noted immuno-
logical changes include an increase of the allergen-specific I[gG antibody, a reduction in the allergen-
specific IgE antibody subsequent to transient increase, an allergen-specific T cell shift in cytokine
production from Th2 to Thl, and a decrease in quantity and activity of basophils and mast cells.
Objective To analyse the changes of basophil histamine release in response to IgE-mediated and
non-IgE-mediated stimuli before and after conventional house-dust mite immunotherapy in children
who suffer from atopic asthma.

Methods Fourteen Dermatophagoides farinae (Df") sensitive asthmatic children with conventional
immunotherapy were examined. Basophil histamine releasability was measured 0 months (just
before immunotherapy), 4 months and 9 months after immunotherapy. Basophils were stimulated
with Df and goat anti-human IgE antibody as IgE-mediated stimuli; and formyl-Met-Leu-Phe
(fMLP) and calcium ionophore A23187 as non-IgE-mediated stimuli. Accordingly, the asthma
symptom score was used to assess clinical outcome and the skin test reactivity to Df was measured.
Results In contrast to pre-immunotherapy activity, 4 and 9 months after immunotherapy there
were significant decreases in histamine release by Df'and by anti-IgE antibody. The histamine release
by fMLP and by calcium ionophore showed no significant changes after immunotherapy. Histamine
release by Df demonstrated significant correlation to that by anti-IgE antibody and by fMLP, yet
there was no observable correlation between histamine release by Df and by calcium ionophore. The
asthma symptom score decreased significantly 4 and 9 months after immunotherapy and showed
significant correlation with histamine release by Df. The skin test reactivity (allergen/histamine ratio)
remained constant 4months after immunotherapy, but decreased significantly 9 months after
immunotherapy.

Conclusion Basophils have the potential to play an important role in the early clinical improvement
of conventional immunotherapy in children with atopic asthma, which may be a result of the
decreased IgE-mediated histamine releasability during immunotherapy.
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on vascular endothelial cells, promotes infiltration of inflamma-
tory cells to the tissue site and plays an essential role in the

Bronchial asthma is a chronic inflammatory airway disease
characterized by bronchial hyper-responsiveness and airway
inflammation. This airway inflammation may be significantly
affected by eosinophils, lymphocytes, mast cells and basophils.
The cross-linking of membrane-bound IgE on basophils and
mast cells by allergens triggers a release of mediators such as
histamine and leukotriene. In addition, this cross-linking also
triggers the release of IL-4, which regulates adhesion molecules
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switching of B cells to produce IgE and T cell differentiation
into Th2 cells. Therefore, this cross-linking of membrane-
bound IgE on basophils and mast cells by allergens plays an
important role during the initial phase of allergic reaction as
well as during the late phase reaction, which has been known to
be a model of chronic inflammatory reaction [1, 2]. Also, baso-
phils are increased in bronchoalveolar lavage (BAL) fluid after
antigen challenge and basophil count is correlated with the
changes in airway responsiveness [3].

Although the precise mechanism had not been fully recog-
nized until recently, immunotherapy is a well-known treatment
modality in atopic asthma. This treatment is associated with a
decrease of allergen-specific IgE antibody after transient early
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increase [4, 5], an increase of allergen-specific IgG; and 1gGy
antibody [6, 7], a decrease in numbers and activities of mast cells
in the target tissue [8], anergy of T cells [9], an increase of Thl
cells and decrease of Th2 cells [10], and a decrease of basophil
releasability [11]. The changes in IgG, IgE antibodies and cyto-
kine profile of T cells develop late after initiation of immuno-
therapy [5], thus these findings do not fully explain early clinical
tolerance after immunotherapy. Subsequently, some changes
may be induced in the effector cells, such as basophils or mast
cells, during the initial phase of immunotherapy rather than in
immunoregulatory lymphocytes. Furthermore, it has been
reported that basophil sensitivity and clinical symptoms are
well correlated in patients with pollen allergy and that clinical
tolerance within several hours after rush immunotherapy in
venom allergy is associated with changes of effector cells rather
than of lymphocytes [10].

In our previous study, we found that spontaneous and IgE-
mediated histamine release was linked to the presence of both
atopy and asthma, whereas non-IgE-mediated releasability was
heavily dependent on the stimuli [12]. There have been conflict-
ing reports on the variation of basophil releasability after
immunotherapy [13-15]. Most notably, after bee venom
immunotherapy, total histamine content decreased, yet IgE-
mediated and non-IgE-mediated releasability showed no sig-
nificant changes [10]. Although pollen immunotherapy did not
reduce IgE-mediated releasability, total histamine release was
substantially decreased [16].

In this study, we analysed the changes of basophil histamine
release in response to different stimuli mediated by IgE and
non-IgE along with clinical response in atopic asthmatics before
and after conventional house-dust mite immunotherapy. The
focal point was to evaluate the early effects of immunotherapy
on basophils.

Materials and methods

Subjects

This study included 14 children with asthma (11 males, 3 females,
mean age 9 years, age range 6 to 13 years) who showed positive
skin test to Df'and Dp. All 14 patients were treated with con-
ventional house-dust immunotherapy. Immunotherapy was
performed routinely with a purified extract of Df and Dp
(Novo-Helisen, Allergopharma, Reinbek, Germany). Injec-
tions had been given for 9 months, weekly during the induction
period and monthly during the maintenance period. The con-
centrations of serum total IgE and Df-specific IgE were 909 +
344 TU/mL (mean + SEM) and 3.53 + 0.23 class, respectively.

This study was approved by the ethics committee of the Ulsan
University Asan Medical Center Institutional Review Board,
and written consent was obtained from all parents after they
were fully informed of the details and the potential risks of the
study.

Measurement of serum total IgE, specific IgE, and skin test
reactivity

Concentrations of serum total IgE and Df-specific IgE were
measured with COAT-A-COUNT Total IgE IRMB kit
(Diagnostic Products Corporation, Los Angeles, USA) and
AlaSTAT RIA Allergen-specific IgE kit (Diagnostic Products
Corporation), respectively.
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The clinical respiratory symptom scores were measured based
on the modified asthma symptom score [17]. Skin tests were
performed by the same physician on the backs of the patients
with Df allergen (50000 BU/mL, Allergopharma), histamine
I mg/mL, and saline. The mean weal size was measured and
skin test reactivity was analysed to the weal-size ratio of allergen
to histamine.

Histamine release from washed human leucocytes

Basophil histamine releasability was measured 0 months (just
before immunotherapy), 4 months (finishing point of vial 1)
and 9 months (finishing point of initial therapy) after immuno-
therapy.

The techniques for leucocytes isolation from peripheral blood
for histamine release, staging the histamine release reaction and
automated fluorometric assay of histamine were as previously
described [18-20]. Six millilitres of venous blood was obtained
from patients using a plastic syringe and mixed with 3 mL of
6% dextran/3% dextrose/0.9% normal saline and 1.2 mL of 0.1 m
EDTA. Erythrocytes were allowed to sediment at room tem-
perature for 90 min The leucocyte-rich plasma layer was re-
moved, transferred to a clean tube, and then centrifuged for
8min at 110 g at 4 °C. After removing the upper plasma layer,
the leucocyte pellet was resuspended in 40 mL of PIPES (pipera-
zine-N,N’-bis[2-ethanesulphonic acid])-albumin-glucose(PAG)
buffer and centrifuged as described above. The wash step was
repeated once and the cell pellet was finally re-suspended in
6mL PAGCM buffer. Cell density was adjusted to 4 x 10° to
3 x 10*/mL. PIPES buffer is composed of PIPES 250 mmmol/L,
NaCl 1100 mmol/L and KCI 50 mmol/L. PAG buffer is com-
posed of 10 mL of PIPES buffer diluted to 100 mL, and 0.03%
human serum albumin, 1% glucose. PAGCM buffer is made
with PAG buffer containing 1 mm Ca™" and 1 mm Mg™ ™.

Cells in PAGCM buffer were warmed up for Smin in a
shaking water bath at 37 °C. For stimulated histamine release,
1 mL of cells was incubated with 1 mL of various stimulating
agents for 45 min in a water bath at 37 °C. We used 20 BU/mL of
D. farinae (Allergopharma) and 2 pg/mL of goat anti-human
IgE antibody (Sigma, St Louis, MO, USA) as IgE-mediated
stimulation agents and 2 x 107> M/L fMLP (formyl-Met-Leu-
Phe, Sigma) and 2x 107> pM calcium ionophore A23187
(Sigma) as non-IgE-mediated stimulating agents. We selected
the appropriate concentration of stimulating agents with regard
to the dose— response curve. Tubes containing only cells and
buffer were used to measure the spontaneous release of hista-
mine. Total histamine content was obtained by lysing the cells
using 55% TCA. All tests were performed twice. After incuba-
tion, the test tubes were transferred into an ice-water bath and
centrifuged (700 g, 15 min, 4 °C). The supernatants were stabil-
ized with 0.2mL of 55% trichloroacetic acid (TCA) and this
was followed by freezing at — 20 °C. Histamine was measured
by the automated fluorometric technique. Stimulated histamine
release is expressed as percentage histamine release (HR, stimu-
lated HR-spontaneous HR/total HR—spontaneous HR x 100).

Statistical analysis

The data were analysed through a Wilcoxon signed rank test
and Spearman correlation test. Only those tests with P-values
less than 0.05 were considered as significant.
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Results

Asthma symptom score and its relationship with histamine
release by various stimuli

The asthma symptoms of all patients who received immuno-
therapy significantly improved at both 4 and 9 months com-
pared with those before immunotherapy (median values before,
and at 4 and 9 months =9.5,4 and 2.1, respectively) (Fig. 1).
There was a significant correlation between asthma symptom
score and histamine release by Df (r;=0.76, P < 0.05), but no
correlations were found between asthma symptom score and
histamine release by the other stimuli (data not shown).

Skin test reactivity

The skin test reactivity (weal size ratio of allergen to histamine)
to Df remained constant 4 months after immunotherapy, but
decreased significantly 9 months after immunotherapy (median
values =2, 2.3, 1.6, respectively) (Fig. 2).

Basophil histamine release before and after immunotherapy

Basophil histamine release was compared before, and 4 and 9
months after immunotherapy. There were significant decreases

of histamine release by Df (median values = 64%, 46%, 40%,
respectively) (Fig. 3a) and by anti-IgE antibody (median
values = 54%, 46%, 26%, respectively) (Fig. 3b) at 4 and 9
months after immunotherapy compared with those before
immunotherapy.

The histamine release by f MLP (median values = 30%, 23%,
20%, respectively) (Fig. 4a) and by calcium ionophore (median
values =76%, 77%, 67%, respectively) (Fig. 4b) showed no
significant changes after immunotherapy.

There was no significant change in total histamine content
before and after immunotherapy (median values =41 ng/mL,
37ng/mL, 50 ng/mL, respectively) (data not shown).

There was no observable difference in spontaneous histamine
release before and after immunotherapy (median values = 10%,
14%, 9%, respectively) (data not shown).

Relationship of histamine release between various stimuli
before and during immunotherapy

Histamine release by Df before immunotherapy showed signifi-
cant correlation with that by anti-IgE antibody (rs=0.869,
P <0.001) (Fig. 5a). Also, there was significant correlation
between histamine release by Df and by fMLP (r;=0.799,
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after IT after IT significantly 9 months after immunotherapy.
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Fig. 3. Basophil histamine release by D.farinae (a) and by anti-IgE antibody (b) before and after immunotherapy. It decreased 4 months and

9 months after immunotherapy.
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Fig. 4. Basophil histamine release by fMLP (a) and by calcium ionophore (b) before and after immunotherapy. It did not decrease 4 months and
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Fig. 5. Correlations of basophil histamine release by D.farinae with that by anti-IgE antibody (a) and by fMLP (b) before immunotherapy.
Before immunotherapy, basophil histamine release by D.farinae was well correlated with histamine release by anti-IgE antibody and that by fMLP.
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P <0.01, Fig. 5b), but no correlation between histamine release
by Df and by calcium ionophore (r;=—0.002, P> 0.05).
During immunotherapy, there was a correlation between hista-
mine release by Df and by fMLP at 4 months of immunotherapy
(rs=0.618, P<0.05), but not at 9months (r,=—0.049,
P>0.05) (data not shown). Spontaneous histamine release
showed no correlation with histamine release by all of the
stimuli (data not shown) before and during immunotherapy.

Changes in serum total IgE levels and Df-specific IgE levels
after immunotherapy

Serum total IgE was decreased 4 months after immunotherapy,
followed by an increase 9 months afterwards (median va-
lues =556 1U/mL, 4351U/mL, 579 1U/mL, respectively). In
contrast, Df-specific IgE antibody was increased 4 months
after immunotherapy, and then decreased after 9 months
(median values=3.5 class, 3.6 class, 3.5 class, respectively).
However, there were no statistical changes in serum total IgE
levels and Df-specific IgE levels after immunotherapy compared
with those before immunotherapy.

Discussion

Df and anti-IgE antibody mediate histamine release through
IgE receptors, while fMLP mediates it through non-IgE recep-
tors, and calcium ionophore does not interact with surface
receptors, but induces it by transmembrane Ca™ ™" influx. Ac-
cordingly, we can term the former as IgE-mediated and the
latter as non-IgE-mediated histamine release.

In this study, IgE-mediated histamine release was decreased 4
and 9 months after initiation of conventional immunotherapy
with house dust mite allergen. Conversely, non-IgE-mediated
histamine release remains unaffected. Thus, it is significant that
IgE-mediated histamine-releasing pathways may be changed in
the initial phase of immunotherapy, including the number of
free or surface IgE molecules, IgE receptor densities on baso-
phils, and intracellular signal transduction pathway. There were
no consistent findings between the numbers of surface IgE
molecules on basophils and histamine release by anti-IgE anti-
body [3]. Although there was a report that the concentration of
serum IgE was correlated with the number of IgE molecules per
basophil [21], there was no relationship between the serum IgE
levels and the concentration of anti-IgE antibody required for
30% histamine release [3]. In our study, there was the early
decrease of IgE-mediated histamine release along with the
early clinical improvement at 4 months of immunotherapy,
whereas Df-specific IgE levels and skin test reactivity to Df
increased. Despite a decrease in total IgE levels at 4 months of
immunotherapy, it increased up to the concentrations before
immunotherapy at 9 months. Hence, these results suggest
that the early decrease of IgE-mediated histamine release may
not be caused by changes in the number of total or specific IgE
molecules.

Desensitization, which inhibits the release of inflammatory
mediators, is also associated with down-regulation of the cell
surface receptor numbers in most receptor-mediated cellular
systems [22,23]. MacGlashan et al. [24] demonstrated that
treatment with anti-IgE antibody lowered circulating free IgE
levels, which might in turn down-regulate FceRI on basophils

and histamine release to dust mite antigen. However, there has
been no study demonstrating that a decrease of IgE-mediated
releasability after immunotherapy is associated with a decrease
in the number of surface IgE receptors. Moreover, the levels of
serum-specific IgE have been known to be increased in the early
phase of immunotherapy [25], and the changes of surface IgE
receptors on basophils may not be associated with a decrease of
IgE-mediated releasability.

Remarkably, it is possible that the functional modification of
IgE receptors or intracellular signal transduction pathways may
be responsible for the decline of IgE-mediated releasability.
Through the impact of immunotherapy, the function of IgE
receptors can be altered directly and/or indirectly through
T cell immunoregulations. However, there have been no proven
data to support the theory. Further studies on the changes of
IgE receptor as well as intracellular signal transduction as one
of the mechanisms in decreased IgE-mediated basophil releasa-
bility after immunotherapy are required.

Despite the fact that Df-mediated basophil releasability was
decreased 4 months after immunotherapy, skin test reactivity to
Df'was not significantly decreased after the same 4-month inter-
val. This suggests that basophils are more influenced in earlier
stages of immunotherapy than are skin mast cells. Nish et al.
[25] demonstrated that skin test reactivity was increased 3
months after immunotherapy. This was followed by a decline 6
months after immunotherapy, resulting in levels less than those
of pre-immunotherapy, whereas histamine release from baso-
phils was decreased at 3 months. These results support our data.

In this study, total histamine content failed to demonstrate
any changes during immunotherapy. Immunotherapy did not
influence the formation of histamine in each basophil, but only
influenced the IgE-mediated histamine-releasing pathways. In a
recent report of venom immunotherapy [10], total histamine
release was decreased after rush immunotherapy, whereas
stimulated histamine release was unaffected. This finding is to
some extent different from ours in as much as the type of
allergen, the method of immunotherapy and timing of sampling
applied are dissimilar.

From our data, there was a significant correlation between
asthma symptom score and histamine release by Df. Therefore,
early clinical improvement during immunotherapy was strongly
related to the decrease in IgE-mediated basophil releasability.
Future studies focusing on IgE-mediated histamine-releasing
pathways are required.
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