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Background: The allergen-induced release of mediators from basophils is known to be decreased after rush venom
immunotherapy (VIT) compared with pretreatment values. A rise in the intracellular cyclic adenosine monophosphate (cAMP)
level is known to inhibit mediator release.

Objectives: To determine changes in cAMP levels in peripheral blood leukocytes (PBLs) during rush VIT and to evaluate their
relation to allergen-specific reactivity of basophils.

Methods: Ten patients allergic to vespid venom (VV) were investigated before rush VIT and after reaching the maintenance
dose. Five VV-allergic patients not undergoing VIT served as controls. Patients’ PBLs were incubated with VV, and
allergen-induced histamine and leukotriene release from basophils was measured. Levels of cAMP were determined in PBLs and
in plasma.

Results: Immediately after rush VIT, VV-induced histamine release (P � .04) and VV-induced leukotriene release (P � .01)
were significantly reduced. Intracellular cAMP levels increased significantly (P � .047). However, 6 months after VIT, mediator
responses in basophils were comparable with pre-VIT values. No significant changes were found in the control group.

Conclusions: An increase in intracellular cAMP levels might account for the decreased reactivity of basophils to allergen after
1 week of VIT. However, similar to the decreased mediator release after 1 week of VIT, this is not a long-term effect as values
returned to baseline after 6 months.
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INTRODUCTION
Venom immunotherapy (VIT) is highly effective in protect-
ing patients with Hymenoptera venom allergy from further
systemic anaphylactic reactions to stings.1,2 It has been re-
ported that protection is achieved early after reaching the
maintenance dose by rush or even ultrarush VIT.3

Various immunologic effects occur during VIT: some
(such as a decreased ratio of specific IgE to IgG4) are only
demonstrable after a longer period of treatment, whereas
others (such as decreased allergen-specific mediator release
from effector cells such as basophils) are seen very early.4–6

Venom immunotherapy is also associated with the induction
of interleukin 10 (IL-10) production by T cells,7 and it has
been shown that this cytokine might also be responsible for
the decreased mediator release from basophils after rush
VIT.5

Decreased release of mediators from effector cells of ana-
phylaxis immediately after rush VIT probably accounts for
the early onset of protection. Corresponding intracellular
mechanisms have not yet been elucidated. Cyclic adenosine
monophosphate (cAMP) metabolism has a key function in
basophil and mast cell reactivity. It has been shown that
compounds that lead to a sustained increase in intracellular
cAMP concentrations simultaneously inhibit IgE-triggered
mediator release from human lung mast cells and basophils.8,9

The aims of this study are to determine changes in cAMP
levels during rush VIT in Hymenoptera venom–allergic pa-
tients and to evaluate the relation of these changes to aller-
gen-specific reactivity of basophils. Patients with this type of
allergy can be characterized very well by means of history
and standardized immunologic tests. Venoms for treatment
are also well characterized, and there are established treat-
ment schedules. Therefore, rush VIT is an appropriate model
to analyze the rapid change in immunologic variables during
initial immunotherapy.

METHODS

Study Population
Ten patients scheduled to receive vespid VIT were enrolled.
All the patients had a history of a systemic anaphylactic
reaction to a yellowjacket sting and sensitization to vespid
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venom (VV), proved by a positive reaction to VV on skin
testing and/or the presence of VV specific IgE in serum.
Titrated skin prick tests with VV (Reless; ALK-Scherax,
Hamburg, Germany) were positive in 3 patients at a concen-
tration of 1 �g/mL, in 5 at 10 �g/mL, and in 2 at 100 �g/mL.
Specific IgE antibodies to VV were measurable by means of
CAP-FEIA (Phadia, Freiburg, Germany) in 9 patients (CAP
class 0, 1 patient; CAP class 2, 4 patients; CAP class 3, 3
patients; and CAP class 6, 2 patients). Venom immunother-
apy was performed according to a rush protocol with up to 5
injections per day (0.02, 0.04, 0.08, 0.2, 0.4, 0.8, 2, 4, 8, 10,
20, 40, 60, 80, and 100 �g of VV) (Reless). Within 5 days the
maintenance dose was reached. All the patients had tolerated
the rush VIT without systemic anaphylactic symptoms. Final
maintenance VIT consisted of injections of 100 �g of VV
every 4 weeks. Blood samples were collected immediately
before the start of VIT and within 24 hours of reaching the
maintenance dose. In addition, 5 patients had another blood
sample collected 6 months later while they received their
regular maintenance dose of 100 �g of VV.

Five patients with VV allergy who were diagnosed as
described previously herein but were not yet treated with VIT
served as controls; blood samples were collected twice at an
interval of 1 week. Results of titrated skin prick tests with VV
were positive in 1 patient at 10 �g/mL and in 3 patients at 100
�g/mL, and 1 patient had a positive intradermal test reaction
at 1 �g/mL of VV. Specific IgE antibodies to VV were
measurable in 3 patients (CAP class 0, 2 patients; CAP class
3, 2 patients; and CAP class 6, 1 patient). Blood sampling for
study purposes was approved by the ethical committee of
Ludwig-Maximilian University and after patient informed
consent was obtained.

Histamine Release
The histamine content of basophils and the release of hista-
mine from basophils on stimulation with VV were deter-
mined as described previously.10 In brief, peripheral blood
leukocytes (PBLs) were prepared by means of repeated cen-
trifugation and resuspension in buffer. Samples containing
500 �L of cell suspension were incubated for 40 minutes with
100 �L each of buffer (blank), buffer plus IL-3 (10 ng/mL)
(Amersham, Braunschweig, Germany), IL-3 (10 ng/mL) plus
VV (0.01, 0.1, 0.5, or 1 �g/mL) (Reless), or IL-3 (10 ng/mL)
plus anti-IgE (10�2 mol/L) (DAKO A/S, Hamburg, Germany)
(positive control). Tests were performed as duplicates. Su-
pernatants were recovered by centrifugation, and the hista-
mine content was measured spectrofluorometrically accord-
ing to the method described by Siraganian11 using an
autoanalyzer (Braun & Lübbe, Norderstedt, Germany). Total
histamine content was measured after complete cell lysis
induced by the addition of 70% perchloric acid (Merck,
Darmstadt, Germany) to the cell suspension. The histamine
release induced by exposure to a stimulus was calculated as a
percentage of the total histamine content after subtraction of
the blank value (incubation with buffer containing IL-3).
Results are given as the percentage of total histamine content.

Leukotriene Release
Cellular antigen stimulation test with enzyme-linked immu-
nosorbent assay (Bühlmann Laboratories AG, Schönenbuch,
Switzerland) was performed according to the manufacturer’s
instructions. In brief, dextran (Macrodex 6%; Schiwa,
Glandorf, Germany) was added to 10 mL of heparinized
venous blood, and erythrocytes underwent sedimentation for
90 minutes at room temperature. Leukocytes were then pel-
leted by centrifugation and resuspended in buffer containing
IL-3 (10 ng/mL); 200 �L of cell suspension was incubated
with 50 �L of buffer (background), 50 �L of anti-IgE, or 50
�L of VV at concentrations of 0.01, 0.1, 0.5, or 1 �g/mL
(Reless). Tests were performed as duplicates. After 40 min-
utes the cell suspensions were centrifuged, and the sulfidol-
eukotriene concentration in the supernatants was measured by
means of enzyme-linked immunosorbent assay.

cAMP Measurement
For measurement of plasma cAMP levels blood samples were
collected into EDTA-containing syringes. After centrifuga-
tion for 10 minutes (300 rpm at 4°C), cAMP levels in the
supernatants were measured by means of a radioimmunoas-
say (cAMP [125I] assay system dual range) (Amersham). For
determination of intracellular cAMP concentration, PBLs
were isolated as described for the histamine release test. Cell
suspensions were adjusted to 5.0 � 106 cells/mL; 100 �L of
the cell suspension was resuspended in 400 �L of buffer
containing the unspecific phosphodiesterase inhibitor
3-isobutyl-1-methylxanthine and ascorbic acid. After incuba-
tion for 10 minutes at 37°C the preparation was boiled for 5
minutes, which caused the cells to burst, releasing their
intracellular cAMP. After centrifugation, cAMP concentra-
tion was measured in the supernatants as described previously
herein.

Statistical Analysis and Data Presentation
For statistical calculations and graphic presentations the max-
imum values of VV-induced histamine and leukotriene re-
lease were used. Analyses were performed using SPSS for
Windows (SPSS Inc, Chicago, IL). To compare baseline
values (intracellular cAMP, maximum histamine and leuko-
triene release, total histamine content) between patients and
controls, the Mann-Whitney U test was used. The Wilcoxon
test was used for comparisons within groups to determine
differences before and during VIT. P � .05 was regarded as
statistically significant. All the data are given as median and
range.

RESULTS

Histamine Release
In patients treated with VIT for 1 week, maximum histamine
release after stimulation with VV decreased significantly
(P � .04), with the median changing from 21.6% before rush
VIT to 11.2% after rush VIT (Fig 1). From baseline to the
second evaluation after 1 week, the total histamine content of
basophils (median, 20.4 vs 16.1 ng/mL; P � .2) and anti-
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IgE–induced histamine release (median, 16.5% vs 19.4%;
P � .6) did not change significantly. In the 5 patients reeval-
uated after 6 months of VIT, decreased histamine release was
no longer demonstrable. Median histamine release was 22.1%
before VIT and 2.2% after rush VIT but was increased to
43.3% after 6 months of VIT (P � .5 compared with base-
line). Baseline histamine release in controls (n � 4) did not
differ significantly from that in VIT patients (25.3% vs
21.6%; P � .57). From baseline to the second evaluation after
1 week, VV-induced histamine release (25.3% vs 26.3%; P �
.47) and total histamine content (37.8 vs 31.2 ng/mL; P �
.47) of basophils did not change in controls.

Leukotriene Release
In patients treated with VIT for 1 week, maximum VV-
induced sulfidoleukotriene production decreased significantly
(P � .01), with the median changing from 1,184.0 pg/mL
before rush VIT to 491.5 pg/mL after rush VIT (Fig 2). In the
5 patients reevaluated after 6 months of VIT, decreased
sulfidoleukotriene release from basophils was no longer
found. Median sulfidoleukotriene production changed from
1,682.0 pg/mL before VIT to 845.0 pg/mL after rush VIT and
was again increased to 3,301 pg/mL after 6 months of VIT
(P � .2 compared with baseline). Median baseline sulfidol-
eukotriene production in controls (n � 5) did not differ
significantly from that in patients (4,483.0 vs 1,184.0 pg/mL;
P � .8). Within 1 week, VV-induced sulfidoleukotriene pro-
duction of basophils did not change significantly in controls
(4,483.0 vs 1,698.0 pg/mL; P � .5).

Plasma cAMP
In the 10 patients treated with VIT, the median plasma cAMP
concentration was 2.70 pmol before rush VIT and 3.67 pmol

after (P � .45). In the 5 patients reevaluated after 6 months
of VIT the median plasma cAMP concentrations before,
immediately after, and 6 months after rush VIT were 2.63,
3.61, and 2.43 pmol, respectively (P � .89 compared with
pre-VIT values). In the control group there were no signifi-
cant changes of the plasma cAMP levels in 1 week (3.03 vs
2.61 pmol; P � .69).

Intracellular cAMP Content
Compared with baseline values, median intracellular cAMP
levels in PBLs were significantly increased after rush VIT
(1.09 vs 2.03 pmol; P � .047) (Fig 3). In the 5 patients
reevaluated after 6 months of VIT the increased intracellular
cAMP level had returned to baseline: The medians before,
immediately after, and 6 months after rush VIT were 1.08,
2.39, and 1.3 pmol, respectively (P � .23 compared with
pre-VIT values) (Fig 4). The baseline intracellular cAMP
content in controls (n � 5) did not differ significantly from
that in patients (median, 1.83 vs 1.09 pmol; P � .2). Within
1 week, intracellular cAMP content did not change in con-
trols (median, 1.83 vs 2.14 pmol; P � .89).

DISCUSSION
Immediately after rush vespid VIT, allergen-induced release
of histamine and sulfidoleukotrienes from basophils was de-
creased, whereas intracellular cAMP levels in PBLs were
increased in patients with VV allergy. Decreased histamine
and sulfidoleukotriene release from basophils after reaching
the maintenance dose by either rush or ultrarush VIT has
already been reported.4–6 In contrast to other studies,4,6 there
was neither a significant change in total histamine content of

Figure 1. Maximum vespid venom–induced histamine release from ba-
sophils of vespid venom–allergic patients with (n � 10) or without (n � 4)
rush venom immunotherapy (VIT). Medians are given in bold. NS indicates
not significant.

Figure 2. Maximum vespid venom–induced sulfidoleukotriene (sLT) pro-
duction in basophils of vespid venom–allergic patients with (n � 10) or
without (n � 5) rush venom immunotherapy (VIT). Medians are given in
bold. NS indicates not significant.
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basophils nor a decline in anti-IgE–induced histamine release
immediately after the dose increase phase. However, we did
not assess quantitatively the action of anti-IgE by using
various concentrations of this stimulus, which might explain
the differing results in part.

Decreased mediator release after rush VIT could be the
reason why clinical protection is achieved immediately after
reaching the maintenance dose of an ultrarush protocol.3 Loss
of stored mediators,12 “exhaustion” of mediator release be-
cause of permanent antigen stimulation,13 and increased pro-
duction of immunoregulating IL-10 by T cells5 could be
causes of decreased cell reactivity to allergen. However,
decreased mediator release on allergen stimulation was found
only at an early stage of VIT. Other mechanisms, eg, a switch

from a TH2 to a TH1 cytokine pattern or increasing IgG4 and
decreasing IgE levels, may be responsible for clinical protec-
tion in the later course of treatment. Probably particularly the
regulatory cytokine IL-10 then plays a crucial role.7

Up to now it has not been known by which mechanism
allergen-induced mediator release is decreased early in VIT.
In this study, increased intracellular cAMP levels in PBLs
were associated with decreased releasability of basophils on
stimulation with relevant allergen. Many cells contain the
second messenger cAMP, and there is evidence that elevated
cAMP levels in basophils reduce mediator release.8,9 Cyclic
adenosine monophosphate is produced by an adenylate cy-
clase, which is a G-protein–dependent enzyme. G-proteins
can be activated by many stimuli, eg, via �-adrenoreceptors
by adrenaline or noradrenaline and also via histamine recep-
tor types 1 (HR1) and 2 (HR2).14 Histamine stimulation of
HR2 on TH2 cells results in cAMP formation and the inhibi-
tion of IL-4 and IL-13 secretion.14 As histamine release from
basophils inhibits itself via HR2,15 the continuing histamine
release of effector cells during rush VIT and the subsequently
induced HR2 stimulation might explain the elevated cAMP
levels.

It also can be speculated that elevated cAMP levels are
related to decreased activity of cAMP-deactivating phospho-
diesterase. The activity of phosphodiesterase seems to play an
important role in atopic diseases, eg, elevated intracellular
phosphodiesterase levels were found in immune cells (lym-
phocytes, granulocytes, and mixed leukocytes) from patients
with atopic dermatitis16,17 or allergic bronchial asthma,18,19

and increased activity of phosphodiesterase in leukocytes of
patients with seasonal allergic rhinoconjunctivitis during the
pollen season was related to disease activity.20 However, the
effect of immunotherapy on phosphodiesterase activity re-
mains to be evaluated.

It is tempting to speculate whether cAMP-inducing drugs
might be used for treatment of allergic diseases. Already in
1968 Lichtenstein and Margolis21 demonstrated that drugs
such as catecholamines and methylxanthines inhibit antigen-
induced histamine release in mixed leukocyte preparations.
Peachell et al8 demonstrated that drugs that increase cAMP
levels in mast cells and basophils inhibit IgE-triggered me-
diator release. A corresponding approach is the inhibition of
cAMP degradation by drugs blocking cAMP-specific phos-
phodiesterase 4. Compounds such as rolipram and roflumilast
stabilize the activity of lymphocytes,22 macrophages,23 neu-
trophils,24 eosinophils,25 and basophils.26,27

This study demonstrates that an increase in intracellular
cAMP levels in PBLs is induced by rush VIT. This may be of
importance for the early clinical efficacy of VIT as elevated
cAMP levels decrease mediator release from effector cells.
However, like the decreased mediator release from basophils,
increased intracellular cAMP levels were found only imme-
diately after rush VIT but not after 6 months of continued
therapy. Thus, an increase in intracellular cAMP content is
not a hallmark of long-term VIT.

Figure 3. Intracellular cyclic adenosine monophosphate (cAMP) levels in
peripheral blood leukocytes from vespid venom–allergic patients with (n �
10) or without (n � 5) rush venom immunotherapy (VIT). Medians are given
in bold. NS indicates not significant.

Figure 4. Intracellular cyclic adenosine monophosphate (cAMP) levels of
peripheral blood leukocytes from 5 patients evaluated before, immediately
after, and 6 months after rush venom immunotherapy (VIT). Medians are
given in bold. NS indicates not significant.
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Although transient elevated cAMP levels probably are
related to the initial mechanisms of VIT, their significance for
the efficacy of VIT needs further clarification. In case an
increase in intracellular cAMP turns out to be essential for
successful VIT, drugs that increase intracellular cAMP, eg,
by pharmacologic inhibition of phosphodiesterase, could be
useful for enhancing the efficacy of immunotherapy.
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