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Soluble interleukin-2 receptor (sIL-2R), eosinophil cationic protein (ECP),
the lymphoproliferative response to house-dust mite (HDM), adhesion
to human umbilical vein endothelial cells (HUVEC), and lymphocyte
membrane markers were studied in three groups of children; healthy children,
asthmatic children without hyposensitization (HS), and asthmatic
children with HS. HS was associated with significantly lower numbers of
peripheral blood eosinophils (PBE) and lower sIL-2R serum levels and with
a tendency to lower ECP serum levels and lymphoproliferative response
to HDM. There were no changes in the T-lymphocyte phenotypic markers
CD4 and CDS among the three groups. The interleukin-2 receptor
(IL-2R, CD25) on HDM-stimulated T lymphocytes increased over
unstimulated T lymphocytes in the three groups. The CD25 expression
was higher on HDM-stimulated lymphocytes in both asthmatic groups than
in healthy children. Adhesion of lymphocytes on HUVEC increased
significantly after HDM stimulation in asthmatic children without HS,
whereas no change was observed in the two other groups. However, there
was no change in the expression of adhesion molecules CD29 and CDl la on
lymphocytes in either of the groups. This study provides further evidence
that HS can modify lymphocyte and eosinophil functions.
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The beneficial effects of hyposensitization (HS) in
asthma have been shown by several studies (re-
viewed in 2). Although the exact underlying mecha-
nisms of HS are largely unknown, one constant
observation, reported by several groups, is its inhi-
bition of the late asthmatic reaction (LAR) (19, 31,
36). The LAR, being an inflammatory response to an
inhaled allergen characterized by infiltration of vari-
ous inflammatory cells in the bronchial wall, is con-
sidered to be an appropriate model of naturally
occurring asthma (6, 35). The central role of T lym-
phocytes in regulating the cellular interactions dur-
ing the LAR has been accepted (14, 34). Further-
more, various studies suggest that T lymphocytes act
as target cells for HS (12, 24, 29). Therefore, it can

be assumed that the anti-inflammatory effects of HS
may be due to a specific action of HS on T lympho-
cytes, resulting in decreased T-cell activation. An
early event in the inflammatory process is the adhe-
sion to and the migration through endothelial cells
of inflammatory cells regulated by the expression of
specific adhesion molecules (7, 17, 26). It can be
hypothesized that HS might influence this process.

In the present study, soluble interleukin-2 recep-
tor (sIL-2R) and eosinophil cationic protein (ECP)
in serum and the lymphoproliferative response to
house-dust mite (HDM) were measured. The adhe-
sion of cultured lymphocytes, unstimulated and stim-
ulated by HDM, to human umbilical vein endothe-
lial cells (HUVEC), unstimulated and stimulated by
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IL-1, was determined. The lymphocyte phenotypic
markers (CD4 and CDS), the lymphocyte adhesion
molecules (CD29 and CD Ha), and a lymphocyte
activation marker (CD25) were studied.

Material and methods
Subjects

The present study was conducted, with a parallel-
group design, on three groups of 10 subjects: healthy
children (median age and range: 13, 7-17 years),
asthmatic children without HS (non-HS asthmatic;
10.5, 5-15 years), and asthmatic children with HS
(HS asthmatic; 15,10-17 years)for at least 8 months
(8-60 months). The healthy children had no per-
sonal or family history of respiratory or atopic dis-
ease. Furthermore, they had a low total IgE and no
specific IgE against HDM. The two groups of asth-
matic children suffered from perennial asthma and
were allergic only to HDM, as proven by both a
positive skin test and positive specific IgE against
HDM. All subjects were in stable clinical condition
without symptoms for at least 4 weeks and had nor-
mal lung function tests. Before blood sampling, be-
tween 0830 and 0930, P^-^gonists were stopped for
24 h, and inhaled corticosteroids and disodium cro-
moglycate for 48 h. Both groups of asthmatic chil-
dren were comparable according to asthma severity
and use of antiasthmatic drugs. Whereas controls
did not differ in age from both patient groups, the
difference in age between hyposensitized and non-
hyposensitized children was significant. However,
none of the variables studied were correlated with
age. Therefore, we will not report on age differences
in the study.

The selection of a child to receive HS was based
on the willingness of the child and the parents to
accept this treatment, and not on asthma severity.
Before the start of this study HS was proposed to
all subjects. The HS asthmatic children received
monthly injections of 5000 allergy units HDM ex-
tract (Allerset, HAL, Haarlem, The Netherlands).
HS was started with a semirush procedure, as pre-
viously described (27).

Lymphoproliferative response to HDM

Peripheral blood mononuclear cells (PBMC) were
separated from 20 ml heparinized peripheral blood
by Ficoll-Paque (Pharmacia LKB Biotechnology,
Brussels, Belgium) density gradient centrifugation
(density 1.077 g/ml). An amount of 10' PBMC in
150 1̂1 serum-free AIM-V medium (Gibco Life Tech-
nologies, Ghent, Belgium) was incubated with
10 ^tg/ml HDM extract {Dermatophagoidespteronys-
sinus, HAL) or with medium as control in 96-well,
round-bottomed microtiter plates (Falcon Becton

Dickinson Benelux, Erembodegem, Belgium) (3).
The optimal concentration and incubation period
were determined by preliminary experiments. The
plates were incubated at 37''C in a humidified 5%
CO2 incubator (Jouan, Saint Herblain, France).
After 6 days of culture, 20 \i\ of methyl-"^H-labeled
thymidine (20 |iCi/well; specific activity 25 Ci/mmol,
Amersham Life Sciences, Amersham, UK) was
added for 24 h. The cells were harvested with an
automatic cell harvester (Automash 2000, Dynatech
Laboratories, Chantilly, VA, USA) on fiberglass fil-
ter paper (MN GF-6, Machery-Nagel, Diiren, Ger-
many). The incorporated radioactivity was measured
with a liquid scintillation counter (Packard Tricarb,
Packard Instruments, Meriden, CT, USA). Results
were expressed as a stimulation index (SI), i.e., the
number of disintegrations per minute of the lympho-
cytes stimulated with HDM divided by the number
of disintegrations per minute of the lymphocytes cul-
tured with only medium. An SI of greater than 2 was
considered to be a positive proliferative response to
HDM.

Culture of lymphocytes for adhesion experiments on
HUVEC

For the adhesion experiments, PBMC were sepa-
rated as described above. Lymphocytes (10^/ml)
were incubated in 24-well culture plates (Costar,
Cambridge, MA, USA) with 10 jig/ml HDM or with
medium. After 3 days, the cultured cells were col-
lected for adhesion experiments to HUVEC and for
determination of lymphocyte subtypes, adhesion
molecules, and activation markers. Before adhesion
to HUVEC, the cultured lymphocytes were stained
with 5-(and 6-)carboxyfiuorescein diacetate (CFDA,
0.3 mg/ml)(Sigma, St Louis, MO, USA). After 15-
min incubation at 37^C, cells were washed twice in
COo-independent medium with 1% bovine calf
serum (Gibco Life Technologies, Ghent, Belgium),
penicillin (100 U/ml), and streptomycin (100 |ig/ml).
The labeled cells were concentrated at 10^ cells/ml
and used for adhesion to HUVEC.

Adhesion assay

Culture of HUVEC. HUVEC were isolated from the
veins of human umbilical cords by coUagenase-
dispase (Boehringer-Mannheim, Brussels, Belgium)
digestion, by the method of Jaffe etal. (13) with
minor modifications. The HUVEC were cultured in
M199 medium (Gibco Life Technologies) containing
20% fetal calf serum (Gibco Life Technologies),
penicillin (100 U/ml) and streptomycin (100 |xg/ml),
endothelial cell growth supplement (30 ^tg/ml)
(Sigma), and sodium heparin (10 U/ml) (Sigma).
HUVEC were seeded at a density of 3000 cells/cm^
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in culture flasks (Ealcon) pretreated for 30 min with
gelatin 2% (Sigma) in water, and cultured in a hu-
midified 5% CO2 incubator at 37°C for 2-5 days
until confluence was observed. The confluent mono-
layered cells were detached with 0.125% trypsin-
EDTA in modified Puck's saline A (Gibco Life
Technologies). The cells were identified as HUVEC
by staining for factor Vlll-related antigen.

Adhesion of lymphocytes to HUVEC. From the sec-
ond to fourth passage, HUVEC were transferred on
gelatin-coated, 96-well, flat-bottomed microtiter
plates (Falcon), at a concentration of 35 000 HUVEC
per well. After overnight culture, a confluent mono-
layer was obtained and used in the adhesion experi-
ments. HUVEC were stimulated for 6 h at 37° C in
5% CO2 with 100 jil IL-1 (Janssen Biochimica,
Beerse, Belgium), 20 U/ml in the C02-independent
medium, or with 100 [i\ C02-independent medium
as control. Afterwards, HUVEC were washed twice
with the CO2-independent medium. IL-1-stimulated
and unstimulated HUVEC were incubated with
100000 CFDA-labeled cells in 200 [i\ per well at
37°C in 5% CO2 for 30 min. After incubation, the
total fluorescence (Fj^J was measured with a Cyto-
fluor 2300 fluorometer (Millipore). The nonadherent
cells were removed by washing four times with the
prewarmed CO2-independent medium. The remain-
ing fluorescence (F^^ ,̂) was measured, and adhesion
was expressed as the percentage of the total fluores-
cence:

% adhesion = x 100)/Ftot

Elowcytometric analysis

The following monoclonal antibodies were used:
CD3, CD4, CD8, and CD25 from DAKO (Glos-
trup, Denmark); CD29 and CDl la from IMMU-
NOTECH (Marseille, France). Double-labeling im-
munofluorescence was performed on the cultured
lymphocytes with fluorescein isothiocyanate and
phycoerythrin. After incubation of lymphocytes
with HDM or medium as control for 3 days, the
following subsets were determined: CD4 -1- CD29 +
and CD8 + CD29 + (T cells with expression of the
Pi-integrin VLA/CD29); CD4 + CDl l a+ and
CD8 + CD 11 a + (T cells with expression of the p 2"
integrin CDlla/CD18 or LFA-1); and the CD3 +
cells with expression of the IL-2R or CD25
(CD3 + CD25 + ). Flowcytometric analysis was done
with a Fac-scan (Becton Dickinson) standardized
with fluorescent beads (Fluoresbrite intensity kit,
Polysciences, Warrington, PA, USA) (25). Fluores-
cence of 5000 cells was evaluated, and the percent-
age of positive cells was determined. The mean den-
sity was determined with the mean fluorescence
intensity (FI) for each marker expressed as the mean

channel number (25). If more subpopulations were
recognized, the percentage of positive cells of each
subpopulation was determined, and the mean den-
sity was calculated as the mean FI of the combined
subpopulations (15).

Determination of activation markers in serum

ECP in serum was determined by a double antibody
radioimmunoassay kindly provided by Pharmacia,
Brussels, Belgium (32). Serum was centrifuged at
1350 g for 10 min after coagulation of the whole
blood for 1 h at room temperature. Serum was frozen
and stored at - 20°C until analysis. The concentra-
tion of serum ECP was expressed as microgram per
liter ((ig/1). The range of the standard curve was
2-200 ^g/1.

sIL-2R was determined with a sandwich enzyme-
linked immunosorbent assay (ELISA) with two
monoclonal antibodies recognizing two different
epitopes of the IL-2R, kindly provided by Euro-
genetics, Tessenderloo, Belgium. The concentration
of sIL-2R was expressed in units per milliliter (U/
ml). The intra-assay variation was < 8% at 50 U/ml
and <7% at 500 U/ml. The minimum detectable
concentration of sIL-2R was 12.5 U/ml.

Statistical analysis

The Mann-Whitney U-test, the Kruskal-Wallis
analysis, the Wilcoxon signed-rank test, and the
Spearman rank test were used where appropriate. A
P value of less than 0.05 was considered to be sig-
nificant. All results were expressed as median and
range. Ages were compared by the unpaired Student's
Mest.

Results
Lymphoproliferative response to HDM

The median SI was significantly higher in both the
non-HS asthmatic group (6.7, 2.2-23.7) and the HS
asthmatic group (3.5, 2.5-11.1) than in healthy chil-
dren (1.5, 0.8-2.7) (P= 0.0002 for both groups). Pa-
tients with HS had a lower median SI than non-HS
patients although this difference was not statistically
significant {P = 02?>).

Peripheral blood eosinophils (PBE) and serum levels
of ECP and sIL-2R (Table 1)

The number of PBE was significantly higher in
non-HS asthmatic children than healthy children
and HS asthmatic children. The number of PBE
was not different between healthy and HS asthmatic
children. Serum ECP levels were higher in non-HS
asthmatic than in healthy children (P = 0.003). ECP
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Table 1. Number of peripheral blood eosinophils (PBE) and serum values of ECP and
slL-2R in the three groups (median and range)

Healthy children non-HS asthmatic group HS asthmatic group

= adhesion to IL-1 stimulated HUVEC

PBE (10̂ /1)
ECP (ng/l)
SIL-2R (U/ml)

0.20 (0.07-0.30)
30.9(7.2-66.1)

93(40-168)

0.66 (0.25-10.8)**/°
67.9 (26.3-134.9)*
146.5(70-159)°°

0.29 (0.05-1.20)
43.4(7.2-128.8)

65.5 (47-140)

* P< 0.005 and ** /'< 0.0005 between non-HS asthmatic group and controls.
° P<O.Ob and °° P<0.005 between non-HS asthmatic and HS asthmatic group.

was also higher in non-HS asthmatic than in HS
asthmatic children, but the difference was not sta-
tistically significant (P=0.23).

The sIL-2R level was higher in non-HS asthmatic
than HS asthmatic patients (/*= 0.002), and it was
also higher in non-HS asthmatic than in healthy
children (^ = 0.05).

There was no significant correlation between the
serum ECP and the serum sIL-2R levels for all sub-
jects (r=0.25; P = OM).

Adhesion of unstimulated and HDM-stimulated lym-
phocytes to HVV EC (Fig. 1)

The lymphocyte adhesion on unstimulated and IL-
1-stimulated HUVEC was similar for the three
groups for control and HDM-stimulated lympho-
cytes. In the group of non-HS asthmatic children,
there was a small but consistent increase of adhesion
to IL-1-stimulated HUVEC of HDM-incubated
lymphocytes over lymphocytes incubated with me-
dium alone (18.0, 5.1-26.2% and 14.3, 4.9-23.8%,
respectively; P^O.Ol). This was not found for the
healthy children (13.0, 3.8-25.9% and 8.9, 5.7-
29.7%, respectively; F = 0.5) nor for the HS asth-
matic children (15.5, 4-34% and 9.3, 5.5-22.0%,
respectively; / ' = 0.3).

Lymphocyte subtypes, adhesion molecules, and acti-
vation markers

The total CD4 + and CD8 + populations of the
cultured lymphocytes did not differ among the three
study groups. There was also no change after stim-
ulation with HDM.

There was no change in percentage or in mean
density of the LFA-1 (CD 11 a) on the CD4 + or on
the CD8 -h cells before and after HDM stimulation
in the three groups. Two populations of CD29 on
CD4 + and CD8 -f- cells, low and high density, were
recognized with equal percentages in the three groups
before and after HDM stimulation. Moreover, the
mean density ofthe VLA (CD29) on the CD4 + and
the CD8 + lymphocytes did not change before and
after stimulation with HDM in the three groups.
There was also no change in the percentage of CD25

medium HDM

p=0.5
medium HDM

p=0.02
medium HDM cultured lymphocytes

p::0.3

Fig. 1. Percent adhesion to IL-1-stimulated HUVEC of lympho-
cytes incubated with medium or HDM for 3 days: (a) healthy
children; (b) non-HS asthmatic children; (c) HS asthmatic chil-
dren. Individual values and box plots are shown.

density ot CD25 on CD3+ lymphocytes

450
(a) (b)

350

2504=
HOM

p=0008
HDM

p=0.09 p=0.005
HDM cuUured lynphocyfes

Fig. 2. Density of CD25 on CD3 -i- cells expressed as mean chan-
nel number, after incubation for 3 days with medium or HDM:
(a) healthy children; (b) non-HS asthmatic children; (c) HS asth-
matic children. Individual values and box plots are shown.

on the CD3 -i- lymphocytes before and after HDM
stimulation in the three groups (data not shown).

The mean density of CD25 on unstimulated
CD3 -I- lymphocytes did not differ in the three
groups, but it became significantly higher on HDM-
stimulated lymphocytes in both asthmatic groups
than in the healthy children (^-0.02 for non-HS
asthmatic and P= 0.0005 for HS asthmatic children)
(Fig. 2).

A correlation was found between the increase in
expression of CD25 after HDM stimulation and the
lymphoproliferative response to HDM for all chil-
dren (r = 0.52; P = 0.004). The expression of CD25
on the cell surface increased significantly on HDM-
stimulated CD3 + lymphocytes over the control cul-
ture in the healthy and the HS asthmatic children
{P = 0.008 and P = 0.005, respectively), whereas there
was no significant increase in the hyposensitized
patients.

There was also an increase of the CD25 expres-
sion in the non-HS asthmatic group, but the increase
was not statistically significant {P = 0.09) (Fig. 2).

Discussion
In this parallel-group study, differences of lympho-
cyte and eosinophil activity were found among
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healthy children, non-HS asthmatic children, and
HS asthmatic children. Since both groups of asth-
matic subjects were comparable for asthma severity,
sensitivity to HDM, and antiasthmatic therapy, the
observed differences between the two patient groups
were probably due to the HS treatment.

Asthmatic children with HS had lower levels of
PBE and tended to have lower serum levels of ECP
than non-HS asthmatic children. In the HS asth-
matic children, both variables were indistinguishable
from data found in healthy children, suggesting in-
activation of eosinophils by HS. These results agree
with studies showing decreased eosinophil activity
in patients treated with HS (9, 21, 22). Eurthermore,
one study showed that serum ECP did not increase
after natural allergen exposure in patients treated
with HS, unlike patients who did not receive HS
(20). Increased ECP serum levels as well as high
numbers of PBE might reflect disease activity (8, 28,
33). However, some studies have shown that the
ECP serum levels seem to be more related to disease
activity than the number of eosinophils (1,10).

Conflicting results have been published on the
effects of HS upon the allergen-induced lymphocyte
proliferation (4, 5, 11). Asthmatic children with HS
had significantly lower levels of sIL-2R than non-HS
asthmatic children, suggesting lymphocyte inactiva-
tion by HS (12, 30). Another interesting observation
was that non-HS asthmatic children tended to have
higher levels of sIE-2R than normal children, sug-
gesting ongoing subclinical inflammation.

The percentage ofthe CD25 -i- lymphocytes in the
HDM-stimulated cultures did not differ from the
control culture, as was also found by Kus (16).
However, in the present study, the mean density of
CD25 on HDM-stimulated lymphocytes increased
in healthy as well as in asthmatic children, suggest-
ing that natural exposure to HDM primes lympho-
cytes and that they can be activated by HDM
in vitro. However, it was found that lymphocytes of
asthmatic patients became more activated than lym-
phocytes of healthy children. Moreover, this was
reflected by the correlation between the lympho-
proliferative response to HDM and the increase in
the mean density of CD25 after HDM stimulation.

Recently, adhesion studies of different cell types
making up the inflammatory reaction have become
the subject of intense research. To the best of our
knowledge, adhesion of cultured lymphocytes has
never been compared in asthmatic children with HS
and non-HS asthmatic children. We found that
HDM-stimulated lymphocytes from non-HS asth-
matic children had a significantly higher adhesion to
IL-1-stimulated HUVEC than lymphocytes incu-
bated in medium containing no HDM. In contrast,
HDM-stimulated lymphocytes from both normal
and HS asthmatic children did not show an in-

creased adhesion to IE-1-stimulated HUVEC. Al-
though preliminary, these findings suggest that HDM
stimulation can enhance adhesion of lymphocytes to
inflammatory endothelium in non-HS asthmatic
children and that HS might be able to modify this
process. These data agree with clinical studies show-
ing inhibition by HS ofthe EAR evoked by allergen
inhalation (19, 31, 36). Therefore, the inhibitory ef-
fects of HS upon the development ofthe EAR might
be due to a decreased capacity of lymphocytes to
adhere to endothelial cells, resulting in a decreased
inflammatory reaction. The increased adhesion of
HDM-stimulated lymphocytes to IE-1-stimulated
HUVEC in non-HS asthmatic children was not re-
flected in a change in the adhesion molecules, EEA-1
and VEA.

The expression of CD25 on the cell surface in-
creased significantly on HDM-stimulated CD3 -i-
lymphocytes over the control culture in the healthy
and the HS asthmatic children, whereas there was
no significant increase in the nonhyposensitized pa-
tients. We have no explanation for this observation.
In controls, CD25 expression is almost exclusively
found in the memory CD4 T-cell subset (18). In
allergic diseases, the T helper-1 cell, secreting pref-
erentially IE-2 and interferon-gamma (IEN-y), might
be less important than the T helper-2 subtype, which
produces IE-4 and IE-5, but no IE-2 or IEN-y (23).
Since all children inhale HDM antigens, CD25 might
increase on the cell surface of all groups after HDM
stimulation. However, the observation that there is
no significant increase in nonhyposensitized asth-
matic children could be due to the presence in these
children of more T helper-2 cells, which, after stim-
ulation, synthesize IE-4 and IE-5. On the contrary,
normal children have a preponderance of the T
helper-1 subtype, releasing more IEN-y and IE-2.
One of the effects of HS might be that in allergic
patients antigen injection induces a shift from T
helper-2 to T helper-1 cells. Eurther experiments are
necessary to confirm this hypothesis.

In conclusion, this study provides further evidence
that HS can modify lymphocyte and eosinophil func-
tions, including adhesion of lymphocytes. These re-
sults might explain, at least in part, the inhibitory
effects of HS on the EAR.
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