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Summary

Background The underlying mechanisms of immunotherapy (IT) are still unknown but
may be related to modifications of cytokine production of T lymphocytes.
Objective In this study we determined thein vitro allergen-induced production of IL-2,
IL-4, IL-5, IL-12 and IFNg of peripheral blood mononuclear cells (PBMC) of eight young
asthmatics, aged 156 2 years, receiving IT (IT group) and of eight comparable asthmatics,
aged 136 3.5 years, who never received IT (non-IT group).
Methods All patients suffered from perennial asthma and were allergic to house dust mite
(HDM). They were selected if they showed a positive stimulation index (SI) of PBMC after
in vitro incubation with HDM (i.e. SI>2). Cells were incubated with and without HDM
(10mg/mL) during 24 h, 48 h and 7 days. Cytokines were determined in the supernatant at
the three time points and are expressed as median values in pg/mL.
Results In the IT group the secretion of IL-2 was lower compared with the non-IT group
after 7 days incubation of PBMC with HDM (0 vs 33.2,P¼ 0.008). In both groups maximal
secretion of IL-2 was observed after 48 h. In the non-IT group a high value of IL-2 persisted
after 7 days, whereas in the IT group a significant decline of IL-2 occurred after 7 days.
Although IL-4 secretion was low in all subjects, more patients of the non-IT group showed
detectable IL-4 in the HDM cultures after 24 h and 48 h, although the difference was not
statistically significant (P¼ 0.08 andP¼ 0.28, respectively). Furthermore, IL-4 secretion
was lower in the HDM cultures after 24 h in the IT group (1.75 vs 4.1,P¼ 0.011) and 48 h
(2.2 vs 4.1,P¼ 0.035). IL-5 secretion was lower in the HDM cultures after 24 h (12.4 vs
47.6,P¼ 0.035) and 48 h (26.8 vs 135,P¼ 0.046) in the IT group than in the non-IT group.
After 7 days of incubation with HDM there was no difference between the groups. There
was no difference between both groups in secretion of IFNg and IL-12.
Conclusions These results show a differencein vitro cytokine secretion of PBMC of
asthmatics receiving IT compared with asthmatics who never received IT. PBMC of
patients receiving IT secrete less IL-2 and IL-5 afterin vitro incubation with HDM and show
a tendency to secrete less IL-4. The efficacy of IT may be attributed to a modified cytokine
secretion of PBMC.
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Introduction

Although its underlying mechanisms are still largely
unknown, evidence suggests that immunotherapy (IT)
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preferentially affects T lymphocytes [1]. A number of
lymphocytic changes, such as the induction of allergen-
specific CD8þ cells [2], a decreased antigen-specific
proliferative response [1,3], and an altered interleukin-2
(IL-2) production and responsiveness [3] have been
described in patients receiving IT, indicating a modified
immune response of T lymphocytes to antigens. A charac-
teristic clinical feature of successful IT is the inhibition of
the allergen-induced late responses [4–6]. In different
studies, using skin and nasal biopsies, it was demonstrated
that the inhibition of late responses is accompanied by a
decreased infiltration of CD4þ cells and eosinophils [7–10].
Furthermore, in patients receiving IT a significant increase
in cells expressing mRNA for IL-12 and interferon-gamma
(IFNg) was observed [10,11]. In another study it was found
that IT reduced the production of IL-4 in peripheral blood
[12] and in a recent study by Hsiehet al. an increased
production of IL-8 was demonstrated in asthmatic children
who received IT successfully [13]. The observed modifica-
tions induced by IT suggest a switch from a TH2-type
lymphocyte to a TH1-type lymphocyte [10]. To further
elucidate the mechanisms of IT we studied thein vitro
allergen-induced cytokine production of peripheral blood
mononuclear cells (PBMC) of young asthmatics with and
without IT.

Methods

Patients

Sixteen young asthmatics (children and adolescents) suffer-
ing from perennial asthma were selected for in this study.
Diagnoses were based on criteria listed in an international
consensus report on treatment of asthma [14]. All subjects
were monoallergic to house dust mite (HDM) (Dermato-
phagoides pteronyssinus)as shown by positive skin-prick
tests and by the presence of specific IgE to HDM. Patients
were divided into two groups, those who had been receiving
IT at the time of this study (n¼ 8, IT group) and those who
had never received IT (n¼ 8, non-IT group). Severity of
asthma was determined for each patient [14]. The two
groups were comparable for clinical evolution of asthma
(asthma severity), allergy testing, lung function testing and
usage of antiasthmatic drugs. At the time of the study all
patients were symptom free for at least 1 month and all had
normal lung function tests. In the IT group five patients were
on daily inhaled corticosteroids (beclomethasone dipropio-
nate) and in the non-IT group six were on daily inhaled
corticosteroids. All patients tookb-agonists as required.
Before blood sampling inhaled corticosteroids were stopped
for 48 h andb-agonists were stopped for 12 h. Details of the
patients are given in Table 1.

Culture of mononuclear cells

In all patients blood sampling was performed between 08.00
and 10.00h. PBMCs were isolated out of 30 mL peripheral
blood using Nycoprep (Nycomed, Oslo, Norway) density
gradient centrifugation (density 1.077 g/mL). One hundred
thousand lymphocytes in 150mL serum free AIM-V
medium (Life Technologies, Ghent, Belgium) were cultured
in 96-well round bottomed microtitre plates (Costar, Cam-
bridge, MA, USA) and stimulated with 10mg/mL HDM-
extract (Dermatophagoides pteronyssinus, ALK, Copenha-
gen, Denmark) (i.e HDM cultures) or 20mL medium as a
negative control (i.e. control cultures). The plates were
incubated at 378C in a humidified 5% CO2 incubator
(Jouan, Saint Herblain, France) during 3 or 7 days. Cells
were pulsed for the final 24 h with 20mL of {methyl-3H}
thymidine (20 mCi/well; specific activity 25 Ci/mmol,
Amersham Life Sciences, Amersham, UK). Afterwards
cells were harvested on glass fibre paper (GF/C-Unifilter,
Canberra Packard Instruments) using an automatic cell
harvester (Filtermate 186, Canberra Packard Instruments,
Meriden, CT, USA). The incorporated radioactivity was
measured with a liquid scintillation counter (Topcount,
Canberra Packard Instruments). Results were expressed as
SI, i.e. counts per minute (cpm) of the HDM-stimulated
lymphocytes divided by cpm of the control culture with
AIM-V medium alone. Patients were selected for the study
if they showed a SI> 2.

Cytokine determination

PBMCs, separated as described above and concentrated to
2.106 cells/mL in AIM-V medium, were stimulated with
10mg/mL HDM during 24 h, 48 h and 7 days at 378C in a
humidified 5% CO2 incubator in 24 well plates (Costar). At
the respective time points, plates were centrifuged during
10 min at 200g. Supernatant was collected and frozen at
¹ 208C until further analysis. Sandwich ELISA techniques
were used to determine IFNg, IL-2, IL-4, IL-5 (R&D
Systems, Oxon, UK) and IL-12 (Medgenix – BioSource,
Fleurus, Belgium). Tests were performed exactly as
described by the manufacturer. Results are expressed as
median and range in pg/mL. The lower detection limits of
the cytokines are 3 (IFNg), 7 (IL-2), 4.1 (IL-4), 3 (IL-5) and
1.5 pg/mL (IL-12).

Immunotherapy protocol

IT was administered according to a standardized protocol
previously described [15]. In all patients IT was started
using a semirush prodecure during which five injections
were given at 30 min intervals with increasing amounts (0.1,
0.3, 0.5, 0.8 and 1.0 mL) of an aqueous extract of HDM
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(Dermatophagoides pteronyssinus)of 50 Allergy Units per
millilitre (50 AU/mL) (Allerset, HAL, Haarlem, The Neth-
erlands). One week later the same amounts were injected
with a tenfold higher concentration (500 AU/mL). Subse-
quently twice weekly injections were given with increasing
amounts (0.1, 0.2, 0.3, 0.4, 0.6, 0.7, 0.9 and 1 mL) of the
allergen extract dosed 5000 AU/mL. Treatment was con-
tinued by injecting this dose, once after one week, then once
after 2 weeks, then once after 3 weeks and finally every 4
weeks. At the time of the study all patients received IT for at
least 4 years (mean: 536 4.4 months).

Statistical analyses

Normally distributed data are expressed as mean and stan-
dard deviation (SD) and were analysed using the Studentt-
test. Not normally distributed data are expressed as median
and range and were analysed using non-parametric tests
(Mann–Whitney test for unpaired data and Wilcoxon
matched pairs test for paired data). Differences between
frequencies were evaluated byx2 analysis with Yates’
correction. Probability (P) values of less than 0.05 were
regarded as significant.

Results

Both groups were comparable for age, asthma severity, lung

function parameters, total IgE, HDM-specific IgE, skin-
prick test with HDM and usage of antiasthmatic medication
(Table 1).

Stimulation index

Patients were selected for this study if they showed a SI> 2.
There was no difference between the two groups in median
SI: in the IT group the median SI was 7.3 (range 3–13.7) and
in the non-IT group the median SI was 4.8 (range 3–20.5)
(P¼ 0.71).

IFNg

IFNg was only detectable in a minority of subjects in control
cultures and in HDM cultures after 24 h and 48 h. After
7 days of incubation with HDM, IFNg was detectable in 5/8
supernatants of the non-IT group and in 6/8 of the IT group.
At that time point, the values were not different between
both groups; the median value in the IT group was 6.65
(range 0–13.6) and in the non-IT group it was 6.10 (range
0–16.6).

IL-2

In the control cultures IL-2 was detectable only in a few
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Table 1. Clinical data, FEV1, skin tests with HDM, total IgE and HDM-specific IgE of the 16
patients studied

IT group Non-IT group P-value

Number of patients 8 8
Mean age (months)
(mean6 SD) 184 (6 24.3) 153 (6 41.9) 0.085
Gender (M:F) 7:1 6:2
Mean FEV1 (%)
(mean6 SD) 94 (6 10.4) 87 (6 5.7) 0.111
Total IgE (kU/L)
(median and range) 440 (24–2000) 360 (43–2000) 0.916
HDM-specific IgE (kU/L)
(median and range) 73 (3–100) 72 (29–100) 0.752
Skin test HDM (mm)
(median and range) 5 (3–12) 4.5 (3–5) 0.318
Severity of asthma moderate 5 moderate 6
and antiasthmatic (ICþ IB) (IC þ IB)
medication* mild 3 (IB) mild 2 (IB)
Mean duration of IT
(months) 536 4.4 –

*antiasthmatic medication: IC, inhaled corticosteroids (daily); IB, inhaledb-agonists (as required).



cases. However, in the HDM cultures after 24 h IL-2 was
found in 6/8 cases of the non-IT group and in 4/8 of the IT
group. In the IT group the median value was 2.2 (range 0–
23.7) (below detection limit), while in the non-IT group it
was 11.1 (range 0–229) (P¼ 0.09). After 48 h IL-2 was
found in 7/8 supernatants of HDM of the non-IT group, and
in 5/8 of the IT group. The median value in the IT group was
20.8 (range 0–82.2) and in the non-IT group the median
value was 43.9 (range 0–1358.1) (P¼ 0.16). After 7 days
IL-2 was above the lower detectable limit in only 1/8 cases
in the IT group and in 7/8 cases of the non-IT group. The
median value in the IT group was 0 (range 0–8.4) and the
median value in the non-IT group was 33.2 (range 0–
2677.1) (P¼ 0.008). Peak secretion of IL-2 was reached
after 48 h in the IT group and values were significantly
lower at 7 days (P¼ 0.017). In the non-IT group the peak
secretion time was also after 48 h, but the values remained
high after 7 days (P¼ 0.41) (Table 2).

IL-4

In all control cultures of both groups IL-4 was below the
detection limit. This was also the case in the IT group in all
HDM cultures at the three time points, except in one. In
contrast, in the non-IT group IL-4 could be detected and was
found in 4/8 of HDM cultures both after 24 h (P¼ 0.08) and
48 h (P¼ 0.28). After 7 days IL-4 was also below the lower
limit in all HDM cultures in the non-IT group.

By extrapolation on the standard curve (values were
below the detection limit) a significant difference in

median IL-4-value was found between the two groups in
the HDM cultures both after 24 h and 48 h; children of the
non-IT group showed higher values of IL-4 than those of the
IT group (Table 3).

IL-5

In the control cultures, IL-5 was below the detection limit in
most subjects. However, IL-5 was largely above the detec-
tion limit in all supernatants of the HDM cultures except in 1
(at 24 h, IL-5 could not be detected in a child from the non-
IT group) (Table 4). IL-5 secretion was higher in the non-IT
group than in the IT group at time points 24 h (P¼ 0.035)
and 48 h (P¼ 0.046). After 7 days incubation with HDM
there was no difference in IL-5 between the two groups
(P¼ 0.833).

IL-12

In the control cultures, IL-12 was only detectable in half of
the subjects. In the HDM cultures IL-12 was found in most
supernatants (73%). The median values and range of IL-12
are shown in Table 5. There was no difference found at any
time point between IL-12 secretion of children with and
without IT. In each group there was also no difference
between IL-12 of control cultures and of HDM cultures.

Discussion

In a number of recent studies it was demonstrated that T
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Table 2. Values of IL-2 (pg/mL) in the two groups (median and range)

IL-2 in: IT group Non-IT group P-value

HDM culture after 24 h 2.2* (0–23.7) 11.1 (0–229.0) 0.090
HDM culture after 48 h 20.8 (0–82.2) 43.9 (0–1358.1) 0.160
HDM culture after 7 days 0* (0–8.4) 33.2 (0–2677.1) 0.008

* below detection limit.

Table 3. Values of IL-4 (pg/mL) in the two groups (median and range)

IL-4 in: IT group Non-IT group P-value

HDM culture after 24 h 1.75* (0.7–2.6) 4.10 (1.8–9.8) 0.011
HDM culture after 48 h 2.20* (0.7–4.3) 4.10 (1.8–15.3) 0.035
HDM culture after 7 days 1.45* (1.0–3.2) 1.90* (1.4–2.5) 0.490

* below detection limit.



lymphocytes may play a central role in asthma [16,17].
Furthermore, it has been shown that IT preferentially affects
T lymphocytes, suggesting that IT may have a place in the
treatment of asthmatic patients [1–3]. A possible mechan-
ism of IT may be the induction of a different cytokine
production of T lymphocytes. In the present study it is
demonstrated that PBMC of young asthmatics receiving IT
have a differentin vitro cytokine profile from PBMC of
young asthmatics who never received IT. Both groups
showed the same degree ofin vitro proliferation of
PBMCs after incubation with HDM (i.e. the same SI after
incubation of PBMC with HDM). Therefore, the observed
differences in cytokine production between the two groups
can not be attributed to a different proliferative response
of PBMCs and should be regarded as qualitative cellular
modifications induced by IT. Furthermore, the results of the
present study are in agreement with results of a recent study
demonstrating a modified cytokine production of PBMC,
including an increased production of IL-8, in asthmatic
children receiving IT [13].

We were unable to detect any difference in IFNg produc-
tion between the two groups. In a study by Durhamet al.
however, an increased mRNA expression of IFNg was
shown in the nasal mucosa of rhinitics receiving IT [10].
The main difference between the results of the present study
and those from the study by Durhamet al. is that we looked
at secretion of IFNg after in vitro stimulation of PBMC,
while in Durham’s study IFNg expression was determined
in the target organ (the nose). However, in another study on
bee venom immunotherapy by Jutelet al. an increase of
IFNg secretion in specific allergen-stimulated T cell cul-
tures was found [18]. On the other hand, in a recent study by

O’Brein et al. a reduction in expression of IFNg in circulat-
ing lymphocytes was found in patients receiving IT [19].
Although the reason for these contradictory findings is
unclear, it might be that the different experimental protocols
employed are responsible for it.

A decreased secretion of IL-2 was observed in patients
receiving IT. This finding seems contradictory to the general
assumption that IT induces a switch from TH2 to TH1.
However, the findings of the present study are on PBMC
and we speculate that these findings are due to an IT-
induced IL-2-depletion of PBMCin vivo, leading to a TH1
effect in the target organs (i.e. nose, bronchi), as an
upregulation of mRNA expression of IL-2 was found in
patients receiving IT [9]. Furthermore, in different studies
decreased levels of soluble IL-2 receptor in asthmatic
children receiving IT were found, suggesting decreased
activity of peripheral T lymphocytes [20–22]. In a study
by Hsieh, a decreased production of IL-2 was found in
antigen-stimulated lymphocytes of asthmatic children
receiving IT, while their lymphocytes showed increased
responsiveness to IL-2 [3].

Although IL-4 was not detectable in most cultures, more
children of the non-IT group showed detectable IL-4,
although statistically not different. Furthermore, a small,
but significant difference was found in IL-4 secretion
between both groups; the secretion of IL-4 was reduced in
the IT group after 24 h and 48 h in the HDM cultures
compared with the non-IT group. These results are in
agreement with those from recent studies by Secristet al.
and by O’Brienet al. showing a decreased production and
expression of IL-4 by peripheral lymphocytes after IT
[12,19]. Therefore, it can be assumed that IT is able to
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Table 4. Values of IL-5 (pg/mL) in the two groups (median and range)

IL-5 in: IT group Non-IT group P-value

HDM culture after 24 h 12.4 (3–31) 47.6 (0–248) 0.035
HDM culture after 48 h 26.8 (13–110) 135.0 (5–799) 0.046
HDM culture after 7 days 1054.0 (29–1805) 993.7 (380–2586) 0.833

Table 5. Values of IL-12 (pg/mL) in the two groups

IL-12 in: IT group Non-IT group P-value

HDM culture after 24 h 2.00 (0–8.3) 1.90 (0–7.9) 0.915
HDM culture after 48 h 1.90 (0–13.4) 6.40 (0–49.2) 0.206
HDM culture after 7 days 6.30 (0.4–29.5) 8.95 (0.4–272.5) 0.562



induce a switch from TH2 to TH1, leading to less stimulation
of B cells to produce HDM-specific IgE. However, in the
present study HDM-specific IgE and skin test with HDM did
not differ between the two groups. Therefore, it seems that
the effect of IT is too small, at least in our patients, to result
in a decrease of HDM-specific IgE or that other non-IL-4
regulated mechanisms are involved in maintaining the
formation of HDM-specific IgE.

A decreased secretion of IL-5 was found in the HDM-
stimulated PBMC of subjects receiving IT. This finding
suggests decreased ability to stimulate eosinophils by IL-5
which is in corcordance with studies demonstrating
decreased activity of eosinophils, including decreased
levels of eosinophil cationic protein (ECP), in patients
receiving IT [7,23]. The consequence of this decreased
stimulation of eosinophils is the inhibition of bronchial
inflammation, as shown by a decreased ability to develop
late asthmatic reactions after allergen provocation in
patients receiving IT [4,6,15].

In an animal model it has been shown that IL-12 is able to
suppress the antigen-induced airway eosinophilic infiltra-
tion and bronchial hyperresponsiveness [24]. Furthermore,
it was suggested that the effectiveness of IT might be due to
an IT-induced switch from a TH2 to TH1 lymphocytic
profile, due to an increased secretion of IL-12 by resident
macrophages [11]. In the present study, however, we could
not find any difference in IL-12 secretion between subjects
receiving IT and subjects who never received IT. We
speculate that this is due to the applied technique, being
the in vitro secretion of IL-12 by PBMC, while it has been
assumed that resident macrophages are responsible for the
main secretion of IL-12 [11,25].

In conclusion, these results show a different in vitro
cytokine secretion of PBMC of asthmatics receiving IT
compared with asthmatics who never received IT. PBMC
of patients receiving IT secrete less IL-2, IL-4 and IL-5 after
in vitro incubation with HDM. An important immunological
effect of IT may be a modification of cytokine secretion of
PBMC. However, further longitudinal studies on larger
groups of patients are needed to confirm these results.
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