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Abstract

Background: Studies using rush immunotherapy (RIT) have
shown that rapid protection can be achieved using proto-
cols allowing afastincrement of allergen dose. We examined
the early effects of RIT on basophil numbers and expression
of CD203c, production of interleukin (IL)-4 and IL-13 and his-
tamine release by basophils in the peripheral blood of pa-
tients treated with immunotherapy and controls. Methods:
Twelve patients treated with RIT and 4 untreated controls
were included in the study. Any adverse events were evalu-
ated during the incremental phase of RIT. Mononuclear cells
were isolated before the start of RIT and 3 days, 1 week, 4
weeks and 3 months after the beginning of the treatment.
Histamine release upon allergen stimulation, expression of
CD203cand allergen-induced production of IL-4 and IL-13 by
basophils were examined. Results: Significant decreases in
blood basophil count (p = 0.02) were observed early in the
treatment, returning to baseline values 1 week after the start
of RIT. Similarly, histamine release decreased at day 3 (p =
0.02), but returned to pretreatment levels after 1 week. Also,
the percentage of IL.-4+ and IL-13+ basophils and levels of

CD203c expression were markedly reduced early in the treat-
ment. IL-4 and IL-13 production correlated with histamine
release and CD203c expression. Histamine release and pro-
duction of IL-4 and IL-13 by basophils before the treatment
correlated with the severity of adverse events during the in-
cremental phase of RIT. Conclusion: We report the decrease
in blood basophil numbers, their lower activation status and
the reduced production of IL-4 and IL-13 early in the course
of RIT. This early suppression of basophil activation could be
one mechanism behind the protective effect of RIT.

Copyright © 2006 S. Karger AG, Basel

Introduction

Several placebo-controlled studies have found signifi-
cant effects of specificimmunotherapy on symptoms, use
of medication and allergen-specific and nonspecific hy-
perresponsiveness in cat- and birch-allergic rhinocon-
junctivitis and asthma [1-3].

Studies using ultra-rush and rush immunotherapy
(RIT) schedules have shown that rapid protection may be
achieved using protocols allowing a fast increment of al-
lergen dose. However, the mechanisms underlying the
early effects of RIT, occurring in the course of hours or
days, are still poorly understood. Clearly, this short time
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frame is insufficient to induce alterations in T-cell popu-
lations or changes related to T-cell cytokine profiles.
Therefore, other cells such as mast cells and basophils,
expressing high-affinity immunoglobulin E (IgE) recep-
tors (FceRI), may be the first line of response to the in-
jected allergen. The participation of mucosal mast cells is
difficult to investigate, but a study of RIT to bee venom
indicated that the treatment does not induce rapid me-
diator depletion or surface receptor blockade in skin mast
cells [4]. Rather, a significant reduction in basophil his-
tamine and sulfidoleukotriene release was observed fol-
lowing ultra-rush immunotherapy [5].

Upon allergen stimulation, basophils secrete immu-
noreactive cytokines interleukin (IL)-4 and IL-13 pro-
moting the differentiation of CD4+ cells towards the Th2
phenotype and enhancing eosinophil recruitment to the
bronchial mucosa via upregulation of adhesion receptors
on endothelial cells [6]. In addition, a previous study
found that cultured basophils but not mast cells were able
to induce IgE synthesis from B cells after antigenic stim-
ulation [7]. The present study examined the early effects
of ultra-rush immunotherapy on the number of baso-
phils, expression of the activation marker CD203¢ on
their surface, as well as the kinetics of IL-4 and IL-13 pro-
duction and histamine release from basophils of immu-
notherapy-treated cat- and birch-allergic patients and
untreated controls.

Methods

Patients

Fourteen allergic subjects with rhinoconjunctivitis, with or
without asthma triggered upon cat allergen exposure, and 2 sub-
jects with a history of rhinoconjunctivitis during the birch pollen
season participated in the study. Ten cat-allergic subjects received
RIT with cat extract and the 2 birch-allergic subjects received RIT
with birch extract (Alutardd ALK, Hersholm, Denmark); subjects
included 3 females and 9 males, with a mean age of 30 years (range
22-37). Those treated with immunotherapy (RIT group) had a
positive skin prick test (SPT) for the relevant allergen (median
5.7 mm, range 4.5-8.5) and elevated plasma levels of specific IgE
(median 9.7 kU/1, range 0.6-53).

Four cat-allergic subjects served as a control group, including
2 females and 2 males, with a mean age of 36 years (range 29-44),
with positive SPT for cat allergen (median 7.2 mm, range 5-12)
and elevated specific IgE (median 7.1 kU/], range 0.6-12.6).

None of the subjects had received specific immunotherapy
within the last 15 years. Cat-allergic patients refrained from con-
tacts with cats.

The study was performed outside the birch pollen season. De-
pending on the severity of the side effects during RIT, the follow-
ing medication was given: antihistamine (acrivastin capsule,
Semprex®), short acting [3,-agonists (salbutamol, Ventoline Dis-
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kus®), steroids (betametason, Betapred™) and adrenaline. If oral
steroids had to be used, blood sampling was omitted.

Study Design

The following treatment regime was applied in the RIT group:
day 1 - 10, 100, 1,000 and 5,000 standardized quality units (SQ);
day 2 - 10,000 and 20,000 SQ; day 3 - 40,000 and 65,000 SQ;
day 5 - 100,000 SQ. The maintenance dose (100,000 SQ) was re-
peated on days 9, 14 and 23 and 4 weeks from the start of treat-
ment. Thereafter, injections of 100,000 SQ were given every 6
weeks. Blood sampling was performed before RIT, as well as 3 days,
1 week, 4 weeks and 3 months after the start of treatment. Samples
were always taken before the injection of allergen. Subjects includ-
ed in the control group did not receive any treatment. Blood sam-
ples were obtained at the same intervals as for the RIT group.

Side Effect Score

The side effects of immunotherapy were evaluated during the
incremental phase of RIT. Adverse events were classified as local,
generalized or systemic according to the following scale: 0 - no
symptoms; 1 — mild, transient symptoms from eyes and nose, lo-
cal skin reaction <10 cm, no use of medication required; 2 -
marked symptoms from eyes, nose and/or lower airways, local
skin reaction >10 cm and/or local urticaria, medications include
antihistamines and short-acting 3,-agonists; 3 — marked symp-
toms from eyes, nose and/or lower airways, general skin urticaria
and/or angioedema, medications include adrenaline and oral ste-
roids; 4 - severe reaction, anaphylactic reaction, adrenaline ad-
ministered.

Skin Prick Test

SPT was performed on the volar side of the forearms before the
start of RIT and during consecutive visits, before the injection of
allergen. The cat or birch extract, histamine solution (10 mg/ml)
as a positive control and diluent were applied in duplicate. The
wheal size was measured 15 min after allergen challenge and ex-
pressed as the average of the two largest diameters, according to
the formula: (d1 + d2)/2. A wheal reaction of =5 mm in diameter
was considered positive.

Differential Blood Cell Count
Differential blood cell counts were performed using a Cell-
Dyn 4000 analyzer (Abbot Diagnostics, St. Clara, Calif., USA).

Blood Sampling and Isolation of Mononuclear Cell Fraction

Heparinized blood diluted 1:1 with phosphate-buffered saline
(PBS) was applied to isotonic Percoll (density 1,084 g/ml; Amer-
sham Pharmacia Biotech AB, Uppsala, Sweden). After centrifuga-
tion for 30 min at 1,000 g, the cell fraction containing mononu-
clear leukocytes and basophils was carefully removed from the
interface for surface staining and cell culture.

Histamine Release

Isolated mononuclear cells (MNC) were resuspended in hista-
mine release buffer, i.e. PBS buffer with 1 mm CaCl,, 1 mM MgCl,,
0.1% glucose and 0.1% (w/v) BSA (Sigma-Aldrich Sweden AB,
Stockholm, Sweden), at a concentration of 1 X 10° cells/ml. The
cells were held for 15 min at 37°C before the addition of allergen
at a concentration of 200 ng/ml or an equal volume of buffer.
Stimulation was performed using cat or birch allergen (2 pg/ml
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Fel d 1 or Bet v 1, respectively; Alk-Abelld, Horsholm, Denmark).
After 60 min at 37°C, cell suspensions were centrifuged for 7 min
at 600 g (4°C) and the supernatant frozen at -20°C. The amount
of histamine in samples was determined using an HR-Test Kit
(Reflab ApS, Copenhagen, Denmark).

Staining of Surface Markers

Aliquots of MNC (10° cells/100 1) were treated with antibody
against IgE (Dako A/S, Glostrup, Denmark) followed by second-
ary peridinin chlorophyll protein-conjugated anti-mouse IgGl
antibody (BD Pharmingen Int., San Diego, Calif., USA) and
CD203c-phycoerythrin (Immunotech Coulter, Marseille, France).
After staining, cells were resuspended in 1% (v/v) paraformalde-
hyde in PBS and held at 4°C before analysis by flow cytometry.

Cell Culture Conditions and Stimulation

Isolated MNC were resuspended at a concentration of 2 X 10°
cells/ml in RPMI, supplemented with 10% heat-inactivated fetal
calf serum, 2 mM L-glutamine and 50 pug/ml gentamicin (com-
plete medium; Invitrogen Life Technologies Ltd., Paisley, UK).

Stimulation was performed by addition of cat or birch allergen
(2 pg/ml Fel d 1 or Bet v 1, respectively; Alk-Abell6) or an equiv-
alent volume of PBS in the negative control, followed by incuba-
tion for 5 h at 37°Cin the presence of the protein-release inhibitor
brefeldin A (GolgiPlug, BD Pharmingen Int.).

Intracellular Staining of Cytokines and Flow Cytometry

Analysis

Following culture, cells were surface stained by treatment with
monoclonal antibody anti-IgE (Dako A/S) followed by anti-
mouse IgGl peridinin chlorophyll protein. Subsequently, cells
were fixed in phosphate-buffered 2% paraformaldehyde (v/v) and
permeabilized with saponin (Perm-Wash solution, BD Pharmin-
gen Int.). Intracellular staining was performed with mouse and
rat monoclonal phycoerythrin-conjugated anti-IL-4 and IL-13
antibodies (0.12 pug/10° cells; BD Pharmingen Int.) and samples
were subjected to flow cytometry analysis.

Flow Cytometry Analysis

All samples were analyzed on a Becton Dickinson FACS Cali-
bur (Becton Dickinson, San Jose, Calif., USA). Fifty to eighty
thousand events were counted in the flow cytometer so that a
minimum of 500 basophils could be analyzed in each sample. Ba-
sophils were identified by their characteristic forward scatter pat-
tern, between the lymphocyte and monocyte gates, and bright
staining with the anti-IgE antibody (fig. 1). The results are pre-
sented as median fluorescence intensity (surface marker expres-
sion) or relative number (%) of positive basophils (cytokine pro-
duction). The IL-4 and IL-13 production upon allergen stimula-
tion was dose-dependent and no increase in the number of
cytokine-positive basophils was detected when the cells were cul-
tured in the absence of protein release inhibitor.

Statistical Analysis

The Wilcoxon signed rank test for paired data and the Mann-
Whitney U test for nonpaired data were applied. Correlations
were calculated using the Spearman rank order correlation test.
A p value <0.05 was considered statistically significant. All statis-
tical tests were performed on a personal computer using the Sta-
tistica® software package (StatSoft Inc., Tulsa, Okla., USA).
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Results

Patients and Clinical Data

Of the 14 patients who were included in the study and
gave a blood sample before the start of treatment, 6 had a
side effect score of 3, i.e. after reaching the full allergen
dose (1 ml of 100,000 SQ/ml), when assessed at V1. Five
patients received oral steroid and were therefore omitted
at V1, and 2 of these patients did not wish to continue
their participation in the study. None of the patients ex-
perienced any anaphylactic reaction during the course of
RIT treatment.

Skin Prick Test

The median SPT wheal size measurements are pre-
sented in table 1. A significant decrease in SPT wheal size
was observed in RIT-treated subjects 4 weeks and 3
months after the start of treatment (p = 0.02 and p =
0.003, respectively). SPT wheal size was significantly
smaller in the RIT group compared with the controls at
4 weeks and 3 months (p < 0.01).

Blood Basophil Count

In the immunotherapy-treated subjects, blood baso-
phil counts decreased significantly (p = 0.02) on the third
day after the start of treatment. After 1 week of RIT, ba-
sophil numbers increased again, returning to the baseline
level (table1). An unaltered blood basophil count
throughout the study was found in the control group.

Histamine Release

In the RIT group, the in vitro allergen-stimulated his-
tamine release in mixed MNC decreased significantly at
day 3 compared with the baseline values (p = 0.02); but
after 1 week, it returned to the pretreatment level. No
changes in HR were observed in the control group. His-
tamine release did not correlate with the blood basophil
count and the proportion of basophils in MNC.

CD203c Expression on Basophils

In the RIT group, the median fluorescence intensity of
CD203c¢ staining on basophils decreased significantly
from 136 (range 67-282) before treatment to 105 (range
77-189) on the third day of treatment (p = 0.04). The
CD203clevel 1 week, 3 weeks and 3 months after the start
of immunotherapy was 110 (range 79-223), 106 (range
85-194) and 112 (range 46-232), respectively. Median
fluorescence intensity of CD203c on basophils correlated
with histamine release (r = 0.5, p < 0.001). The CD203c
staining on basophils of the control group did not show
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Fig. 1. Flow cytometric analysis of MNC and differentiation of inflammatory cell populations. Original gating
for basophils. Basophils were identified by a characteristic forward scatter pattern, positioned between the lym-
phocyte and monocyte gates and bright staining with anti-IgE antibody. Basophils are enclosed within a box
or encircled.

Table 1. RIT, control group and number of subjects at each test point

Before RIT 3 days 7 days 1 month 3 months

RIT control RIT control RIT control RIT control RIT control

(n=14) (n=4) (n=9) (n=4) (n=11) (n=4) (n=11) (n=4) (n=11) (n=4)
SPT, mm 5.7 (5-9) 7.2 (5-12) 6.5 (3-8) 7.2 (5-10) 5.5(4-14) 11 (5-13) 4.2%¢(0-10) 10 (8-12) 3bc (0-5) 11.5(9-14)

Basophils,
10%/1 31.3(16-62) 23.4(7-36) 12.8*(0-40) 14.2(0-25) 27.6(6-72) 28(21-62) 29 (0-99) 42 (0-115)  37.1(9-61) 22.1(5-52)

Values are presented as medians and ranges in parentheses.
*p <0.05,°p <0.01, significant differences in relation to the start of RIT.
¢ p <0.01, significant differences between RIT-treated patients and control subjects.
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any marked changes throughout the study (results not
shown).

IL-4 and IL-13 Production by Basophils

The in vitro allergen-stimulated production of IL-4
and IL-13 by basophils was expressed as the percentage
of cytokine-positive cells (fig. 2a—c). In the RIT-treated
group, a significant decrease in the proportion of IL-4+

blood basophils was observed on the third day of RIT
(p = 0.02), as well as after 1 week (p = 0.03) and 3 weeks
(p =0.005) of treatment (fig. 2a). The tendency towards a
lower number of IL-4+ basophils was still observed 3
months after the start of RIT (p = 0.07).

The proportion of IL-13+ basophils showed a similar
pattern to IL-4+ cells and was significantly reduced 3
weeks after the start of RIT (p = 0.02; fig. 2a).
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The relative numbers of IL-4+ and IL-13+ basophils
after in vitro allergen stimulation correlated with each
other when counts from samples collected at all visits
were considered (r = 0.69, p < 0.0001). The numbers of
IL-4+ and IL-13+ basophils also correlated with CD203¢
expression (r=0.41, p<0.006 and r = 0.53, p <0.001, re-
spectively) and histamine release (r = 0.38, p < 0.01 and
r = 0.31, p <0.03, respectively).

Correlation between Side Effect Score and Activation

of Basophils

The adverse reactions to RIT during the incremental
phase, expressed as the side effect score, correlated with
the percentage of allergen-stimulated IL-4+ and IL-13+
basophils before the start of treatment (fig. 3; table 2).
The side effect score also correlated with histamine re-
lease from allergen-stimulated mixed MNC, assessed be-
fore RIT (r = 0.64, p = 0.03) (table 2).
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Fig. 2. a Allergen-induced production of IL-4 and IL-13 expressed as the percentage of basophils positive for
these cytokines. Results obtained from subjects treated with RIT. Median values and significant differences
between visits are indicated. b, ¢ Flow cytometry scans showing in vitro allergen-stimulated basophils produc-
ing IL-4 (b) and IL-13 (c). Quad. = Quadrants; geo. = geometric.
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Discussion

The present study demonstrates the marked reduction
in blood basophil number, histamine release, expression
of CD203c, and proportion of IL-4+ and IL-13+ baso-
phils during the initial phase of RIT. On continuation of
RIT, basophil numbers and histamine release returned to
pretreatment levels, while the expression of CD203c and
the proportion of IL-4+ and IL-13 cells remained reduced
compared with baseline values. Moreover, the baseline
levels of histamine release and the relative numbers of IL-
4+ and IL-13+ basophils upon allergen stimulation cor-
related significantly with the frequency of adverse events
during the incremental phase of RIT. This study also con-
firmed that IT treatment leads to decreased skin mast cell
reactivity within the first month.

Immunotherapy protocols using a fast increase in al-
lergen dose have been clinically proven to be effective in
treating venom hypersensitivity and perennial allergic
rhinitis, but the mechanisms behind the fast protection
achieved with RIT and ultra-rush immunotherapy are
largely unknown. The conversion from a Th2-type to a
ThO/Thl-type response has been proposed based on data
from allergen-specific T-cell clones and cultured MNC
from patients treated with RIT, where decreased IL-4 pro-
duction and induction of interferon-y has been demon-
strated [8-10]. In cat-allergic patients, decreased levels of
IL-4 in MNC and T-cell line supernatants as well as lower
numbers of IL-4+ lymphocytes were observed in studies
using conventional immunotherapy protocols [11-13]. It
is now well established that basophils rapidly secrete IL-4
and IL-13 following IgE-dependent activation preceding
cytokine release from MNC [14, 15]. Moreover, the con-
centration of allergen required for optimal cytokine pro-
duction is much lower in the case of basophils than for
MNC [16]. Thus, the early release of IL-4 and IL-13 from
allergen-stimulated basophils may be crucial in promot-
ing IgE synthesis and enhancing the Th2 response.

We found a suppression of allergen-induced IL-4 and
IL-13 production in basophils by the third day of RIT. At
the same time, we observed a decrease in basophil activa-
tion as evaluated by CD203c expression. CD203c is a ba-
sophil-specific ectonucleotide pyrophosphatase/phos-
phodiesterase 3 that is upregulated in sensitized subjects
after appropriate allergen challenge [17]. The expression
of CD203c¢ has been associated with activation of baso-
phils and correlated with histamine release; thus, it has
been proposed as a suitable marker to assess the progress
of immunotherapy [18]. To our knowledge, no previous
studies have investigated the early kinetics of IL-4 and IL-
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13 production in basophils at a single cell level during RIT.
In one study, a significant reduction in the IL-4 level dur-
ing the first 24 h of venom RIT was shown, but this was
thought to depend on the downregulation of T-cell re-
sponsiveness to allergen rather than changes in the release
of IL-4 by basophils [19]. A decrease in total histamine in
mixed peripheral blood leukocytes and a reduction in his-
tamine release from basophils were previously observed
1 dayand 1 week after the initiation of venom RIT [5]. The
immediate effect on total histamine content was attrib-
uted to the decreased number of basophils in peripheral
blood. Accordingly, in our study, the reduced histamine
release observed on the third day of RIT paralleled the
decrease in basophil count. One reason for the depletion
of circulating basophils could be the upregulation of ad-
hesion molecules and migration of cells to the sites of sub-
sequent reaction in the skin [20]. Thus, reduced histamine
release could be explained by the disappearance of sensi-
tized basophils from the bloodstream, leavingless respon-
sive or immature basophils in the circulation. Another
explanation for the decreased HR could be the induction
of IL-10 and interferon-y from lymphocytes, which has
been previously reported in the course of RIT [21].

Interestingly, the production of IL-4 and IL-13 by baso-
phils examined before the start of RIT correlated strongly
with the severity of adverse events observed during the
rapid allergen dose increase. IL-4 and IL-13 promote in-
flammatory cell recruitment to the tissues by upregulation
of adhesion molecules (VCAM-1) on vascular endothelial
cells [22] and the induction of eotaxin release [23].

IL-4 also upregulates the high-affinity IgE receptor
(FceRI) on cultured human mast cells, potentially lead-
ing to increased IgE-dependent mediator release and lo-
cal allergic inflammation [24]. Moreover, a study in mice
showed that endogenously produced IL-4 and IL-13 en-
hance the severity of anaphylaxis by increasing the effects
of vasoactive mediators such as histamine, platelet-acti-
vating factor and leukotriene C,. This effect was largely
attributed to the exacerbation of vascular leakage [25].
IL-4 not only contributes to the development of late-
phase reaction to allergen but also promotes the differen-
tiation of antigen-specific lymphocytes into the Th2 type;
thus, reduced levels of this cytokine in the milieu could
favor a switch towards Th1-type cells. While earlier stud-
ies found that IL-4 production in long-term MNC cul-
tures [26] and IL-4 mRNA expression in bronchial biop-
sies [27] were not related to symptom score in atopic asth-
ma, a correlation between IL-4 and IL-13 production
from blood basophils and the radioallergosorbent test
score was reported [16].
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Inhibition of basophil activation, IL-4 and IL-13 pro-
duction and histamine release, could be the explanation

for decreased antigen sensitivity in the early course of
RIT. Furthermore, it is possible that IL-4 derived from

basophils could influence the severity of the side effects

of immunotherapy treatment.

—_

10

In conclusion, we have identified an early suppression
of basophil numbers, their activation status and produc-
tion of IL-4 and IL-13 during the early phase of RIT. In-
terestingly, we also found that the ability of basophils to

References

Van Metre TE Jr, Marsh DG, Adkinson NF
Jr, Kagey-Sobotka A, Khattignavong A, Nor-
man PS Jr, Rosenberg GL: Immunotherapy
for catasthma. J Allergy Clin Immunol 1988;
82:1055-1068.

Varney VA, Edwards ], Tabbah K, Brewster
H, Mavroleon G, Frew AJ: Clinical efficacy
of specific immunotherapy to cat dander: a
double-blind placebo-controlled trial. Clin
Exp Allergy 1997;27:860-867.

Arvidsson MB, Lowhagen O, Rak S: Effect of
2-year placebo-controlled immunotherapy
on airway symptoms and medication in pa-
tients with birch pollen allergy. J Allergy
Clin Immunol 2002;109:777-783.

Jutel M, Skrbic D, Pichler W], Miiller UR: Ul-
trarush bee venom immunotherapy does not
reduce cutaneous weal responses to bee ven-
om and codeine phosphate. Clin Exp Allergy
1995;25:1205-1210.

Jutel M, Muller UR, Fricker M, Rihs S, Pichler
W], Dahinden C: Influence of bee venom im-
munotherapy on degranulation and leukotri-
ene generation in human blood basophils.
Clin Exp Allergy 1996;26:1112-1118.

Brown MA, Hural J: Functions of 1L-4 and
control of its expression. Crit Rev Immunol
1997;17:1-32.

Yanagihara Y, Kajiwara K, Basaki Y, Ikizawa
K, Ebisawa M, Ra C, Tachimoto H, Saito H:
Cultured basophils but not cultured mast
cells induce human IgE synthesis in B cells
after immunologic stimulation. Clin Exp
Immunol 1998;111:136-143.

Oda N, Yamashita N, Minoguchi K, Takeno
M, Kaneko S, Sakane T, Adachi M: Long-
term analysis of allergen-specific T cell
clones from patients with asthma treated
with allergen rush immunotherapy. Cell Im-
munol 1998;190:43-50.

Akoum H, Tsicopoulos A, Vorng H, Wallaert
B, Dessaint JP, Joseph M, Hamid Q, Tonnel
AB: Venom immunotherapy modulates in-
terleukin-4 and interferon-y messenger RNA
expression of peripheral T lymphocytes. Im-
munology 1996;87:593-598.

Bellinghausen I, Metz G, Enk AH, Christ-
mann S, Knop J, Saloga J: Insect venom im-
munotherapy induces interleukin-10 pro-

Basophil IL-4 and IL-13 Production Is
Suppressed during RIT

11

12

13

14

15

16

17

18

Association.

duction and a Th2-to-Th1 shift, and changes
surface marker expression in venom-allergic
subjects. Eur ] Immunol 1997;27:1131-1139.
Pene J, Desroches A, Paradis L, Lebel B,
Farce M, Nicodemus CF, Yssel H, Bousquet
J: Immunotherapy with Fel d 1 peptides de-
creases IL-4 release by peripheral blood T
cells of patients allergic to cats. ] Allergy Clin
Immunol 1998;102:571-578.

Marcotte GV, Braun CM, Norman PS, Nico-
demus CF, Kagey-Sobotka A, Lichtenstein
LM, Essayan DM: Effects of peptide therapy
on ex vivo T-cell responses. ] Allergy Clin
Immunol 1998;101:506-513.

Ewbank PA, Murray J, Sanders K, Curran-
Everett D, Dreskin S, Nelson HS: A double-
blind, placebo-controlled immunotherapy
dose-response study with standardized cat
extract. ] Allergy Clin Immunol 2003;111:
155-161.

Devouassoux G, Foster B, Scott LM, Metcalfe
DD, Prussin C: Frequency and characteriza-
tion of antigen-specific IL-4- and IL-13-pro-
ducing basophils and T cells in peripheral
blood of healthy and asthmatic subjects. ] Al-
lergy Clin Immunol 1999;104:811-819.
Gibbs BF, Haas H, Wolff HH, Grabbe J: Ear-
ly IgE-dependent release of IL-4 and IL-13
from leukocytes is restricted to basophils: a
comparison with other granulocytes and
mononuclear cells. Inflamm Res 2000;
49(suppl 1):S9-S10.

Shimizu Y, Shichijo M, Hiramatsu K, Takeu-
chi M, Nagai H, Takagi K: Mite antigen-in-
duced IL-4 and IL-13 production by baso-
phils derived from atopic asthma patients.
Clin Exp Allergy 1998;28:497-503.

Platz IJ, Binder M, Marxer A, Lischka G,
Valent P, Buhring HJ: Hymenoptera-venom-
induced upregulation of the basophil acti-
vation marker ecto-nucleotide pyrophos-
phatase/phosphodiesterase 3 in sensitized
individuals. Int Arch Allergy Immunol 2001;
126:335-342.

Charlesworth EN, Hood AF, Soter NA, Kagey-
Sobotka A, Norman PS, Lichtenstein LM:
Cutaneous late-phase response to allergen.
Mediator release and inflammatory cell infil-
tration. J Clin Invest 1989;83:1519-1526.

19

20

21

22

23

24

25

26

27

produce IL-4 and IL-13 was related to the individual’s re-
action to the immunotherapy regime.

Acknowledgements

We thank registered nurses Yvonne Backberg and Yvonne An-
dersson for their skilful assistance. We also thank Arne Stahl for
his laboratory assistance.

This study was supported by the Swedish Asthma and Allergy

McHugh SM, Deighton J, Stewart AG, Lach-
mann PJ, Ewan PW: Bee venom immunother-
apy induces a shiftin cytokine responses from
a TH-2 to a TH-1 dominant pattern: compar-
ison of rush and conventional immunothera-
py. Clin Exp Allergy 1995;25:828-838.

Irani AM, Huang C, Xia HZ, Kepley C, Nafie
A, Fouda ED, Craig S, Zweiman B, Schwartz
LB: Immunohistochemical detection of hu-
man basophils in late-phase skin reactions. |
Allergy Clin Immunol 1998;101:354-362.
Pierkes M, Bellinghausen I, Hultsch T, Metz
G, Knop J, Saloga J: Decreased release of his-
tamine and sulfidoleukotrienes by human
peripheral blood leukocytes after wasp ven-
om immunotherapy is partially due to induc-
tion of IL-10 and IFN-vy production of T cells.
J Allergy Clin Immunol 1999;103:326-332.
Ying S, Meng Q, Barata LT, Robinson DS,
Durham SR, Kay AB: Associations between
IL-13 and IL-4 (mRNA and protein), vascu-
lar cell adhesion molecule-1 expression, and
the infiltration of eosinophils, macrophages,
and T cells in allergen-induced late-phase
cutaneous reactions in atopic subjects. J Im-
munol 1997;158:5050-5057.

LiL, Xia Y, Nguyen A, Lai YH, Feng L, Mos-
mann TR, Lo D: Effects of Th2 cytokines on
chemokine expression in the lung: IL-13 po-
tently induces eotaxin expression by airway
epithelial cells. ] Immunol 1999;162:2477-
2487.

Toru H, Ra C, Nonoyama S, Suzuki K, Yata J,
Nakahata T: Induction of the high-affinity
IgE receptor (FceRI) on human mast cells by
IL-4. Int Immunol 1996;8:1367-1373.

Strait RT, Morris SC, Smiley K, Urban JF Jr,
Finkelman FD: IL-4 exacerbates anaphylax-
is. ] Immunol 2003;170:3835-3842.
Leonard C, Tormey V, Burke C, Poulter LW:
Allergen-induced cytokine production in
atopic disease and its relationship to disease
severity. Am J Respir Cell Mol Biol 1997;17:
368-375.

Humbert M, Corrigan CJ, Kimmitt P, Till §J,
Kay AB, Durham SR: Relationship between
IL-4 and IL-5 mRNA expression and disease
severity in atopic asthma. Am ] Respir Crit
Care Med 1997;156:704-708.

Int Arch Allergy Immunol 2006;141:346-353

353





