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Summary

Background Sublingual immunotherapy (SLIT) has been reported to be a safe treatment for
inhalant allergies in children. Yet the immunologic mechanisms resulting in clinical
improvement are poorly understood.

Objective To identify early systemic immunologic changes during the first 8 weeks of
clinically effective SLIT to grass pollen, tree pollen or house dust mite in paediatric patients
with allergic rhinoconjunctivitis and/or asthma.

Methods Peripheral blood mononuclear cells and plasma samples of 13 children with reduced
symptoms after 1 year of SLIT were obtained before therapy and at 2 and 8 weeks after the
initiation of SLIT. Allergen-specific lymphocyte proliferation assays were performed, and
allergen-induced cytokine production (IL-2, IL-4, IL-10, IFN-vy, and TGF-;) was measured by
ELISA and flow cytometry. Allergen-specific IgE, IgG1, IgG4, and IgA levels in plasma
samples were determined in ELISA.

Results During the first 8 weeks of successful SLIT, allergen-specific lymphoproliferation
(n=13) as well as levels of allergen-specific intracellular (n = 8) and secreted cytokines (n=9)
did not change significantly. In addition, no alterations in levels of allergen-specific Igs (n = 7)

) were observed.
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Conclusion We could not find any early systemic immunologic changes during the first
8 weeks of clinically effective SLIT to inhalant allergens in paediatric patients with allergic
rhinoconjunctivitis and/or asthma.
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Introduction

Allergen-specific immunotherapy via the subcutaneous
injection route (SIT) has been shown to be effective in the
treatment of allergic disorders such as asthma and rhinitis
[1], but the risk of severe systemic side-effects and the
need for frequent injections limit the application of this
therapy, especially in children [2, 3]. Sublingual allergen
administration (sublingual immunotherapy (SLIT)) may
represent a viable alternative to the parenteral injection
treatment [4]. The idea of administering allergens via the
mucosal route originates from animal studies indicating a
predisposition of mucosal surfaces to generate tolerance
after antigenic stimulation [5-7].

A recently published Cochrane Review (1966-2002)
revealed a significant reduction in symptoms of allergic
rhinitis (AR) and use of medication following SLIT in
adults (22 double-blind, placebo-controlled trials, 979
participants). However, no significant effects were seen in
studies exclusively involving children (five studies, 218
subjects) [8]. Since 2002, several more studies including
children have been performed, and it has been concluded
that SLIT is only marginally effective in paediatric pa-
tients and should therefore be recommended to selected
subpopulations, namely asthmatic children monosensi-
tized to house dust mites (HDMs) [9, 10].

The immunologic mechanisms of SLIT are still unclear:
inconsistent alterations in allergen-specific serum IgE and
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IgG4 [11-22], reduced lymphoproliferative responses [14],
a decrease in eosinophils, and a down-regulation of
ICAM-1 expression in the nose [23] and the conjunctiva
after specific allergen challenge [24] following SLIT have
been observed.

The aim of the present study was to investigate the
immunologic mechanisms during the very early phase of
SLIT, in particular to potentially identify early alterations
in systemic immunologic parameters in clinically effec-
tive SLIT in children. For this purpose, cellular (lympho-
proliferation and cytokine production of allergen-specific
T cells) as well as humoral immunologic parameters
(allergen-specific Ig levels) were followed during dose-
incremental phase and early maintenance period (first
8 weeks) of successful SLIT for inhalant allergens in
paediatric patients suffering from allergic asthma and/or
rhinoconjunctivitis.

Materials and methods

Study population and immunotherapy protocol

Thirteen children (seven males, six females, aged 5-13
years, median 9 years) attending the Asthma and Allergy
Outpatients’ Department at the University Children’s Hos-
pital of Vienna, who reported a reduction of clinical
symptoms after 1 year of SLIT to either HDM (n = 9), grass
pollen (n=3), or birch pollen (n = 1) were included in this
study. SLIT had been prescribed on the basis of clinical
symptoms (AR and/or bronchial asthma), a positive skin
prick test and/or specific IgE > CAP/RAST class 2 to one
of the three inhalant allergens, a minimum age of 5 years,
sensitization to a small spectrum of allergens, and good
compliance. SLIT was performed according to a standard
protocol using standardized allergen extracts of HDMs
(Dermatophagoides pteronyssinus and D. farinae), grass
pollen (timothy grass, barnyard grass, and ryegrass
pollen), or tree pollen (birch, hazel, and alder pollen, all
Alk-Abello, Horsholm, Denmark). Therapy started with a
28-day build-up phase, when daily increasing amounts of
allergen had to be taken under the tongue before being
swallowed (one to 10 drops of vial 1-4, containing 0.5,
50, and 500STU/mL of allergen, respectively; STU,
specific treatment units), and passed into maintenance
period, when 10 drops of vial 4 were administered three
times a week for 2 years. According to the manufacturer,
the maintenance dose contained 0.8 pg D. pteronyssinus 1
(Der p 1) plus D. farinae 1 (Der f 1), 0.4 g Phleum pratense
5 (Phl p 5), or 4.4 pg Betula verrucosa 1 (Bet v 1). Hence,
the monthly administered cumulative doses were 9.6 pug
Der p 1 and Der f 1, 4.8 ug Phl p 5, or 52.8 ug Bet v 1.
Corresponding doses of the monthly applied subcuta-
neous maintenance therapy would contain 9.8 pg Der p
1, 20.2pug Phl p 5, and 12.3 pg Bet v 1, respectively.
Treatment compliance was controlled at each study visit
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(beginning of SLIT, after 2 weeks, after 8 weeks, and after
1 year of therapy, respectively), and clinical symptoms
were evaluated at baseline and after 1 year.

The experimental protocol was approved by the Vienna
General Hospital’s Ethics committee, and all patients’
parents gave informed consent. No side-effects were
reported during SLIT.

Study design

Heparinized venous blood samples were collected imme-
diately before the initiation of SLIT, after 2 weeks and
after 8 weeks of therapy. Peripheral blood mononuclear
cells (PBMC) were isolated by density gradient centrifuga-
tion over Ficoll-Paque (Pharmacia, Uppsala, Sweden).
Cells were frozen and stored in liquid nitrogen at
— 180 °C. Plasma samples were obtained from superna-
tants after density gradient centrifugation and stored at
—20°C.

Antigens

Affinity-purified HDM allergen 1 (Der p 1) was generously
provided by Allergopharma (Reinbeck, Germany). Recom-
binant timothy grass pollen allergen 1 (rPhl p 1) and
recombinant birch pollen allergen 1 (rBet v 1) were
purchased from Biomay (Vienna, Austria). Tetanus toxoid
antigen was obtained from Calbiochem (San Diego, CA,
USA). Contamination of allergen/antigen preparations by
endotoxin was excluded using the Endochrom™ assay
(Carles River Endosafe, Charlston, SC, USA) according to
the manufacturer’s instructions. Recombinant HDM aller-
gens were provided by Susanne Vrtala (Department of
Pathophysiology, Centre for Physiology and Pathophy-
siology, Medical University of Vienna, Vienna, Austria).

Lymphoproliferation assays

Triplicates of 1x10° PBMC/200 uL serum-free Ultra
culture complete medium (Ultra culture medium, Bio-
whittaker, Walkersville, MD, USA supplemented with
2mM L-glutamine and 170 mg/L gentamycin sulphate,
Sigma Sciences, St. Louis, MO, USA) were co-cultured
with 10 ug/mL Der p 1 [25], 10 ug/mL rPhl p 1 [26], 10 pg/
mL rBet v 1 [27], or 1 ug/mL tetanus toxoid. Recombinant
IL-2 (25IU/mL, Roche Diagnostics, Basel, Switzerland)
served as positive control. Proliferation was measured
after 6 days of culture by detecting the incorporation of
3H-Thymidin (Amersham Int., Amersham, Little Chalfont,
Buckinghamshire, UK) as described elsewhere [26]. Results
are expressed as stimulation index (SI=mean c.p.m of
stimulated triplicate cultures/mean c.p.m of unstimulated
triplicate cultures).
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Induction of allergen-specific cytokine synthesis in
peripheral blood mononuclear cells

PBMC were cultured as described earlier [28]. Briefly,
1 x 10° PBMC/mL Ultra culture complete medium were
stimulated with either 1% v/v phytohaemagglutinin
(PHA, Life Technologies, Grand Island, NY, USA) or PHA
plus the corresponding antigen (10 pg/mL Der p 1, 20 pg/
mL rPhlp 1, 10 ug/mL rBet v 1, or 1 pg/mL tetanus toxoid).
Antigen was re-added on day 3. On days 3 and 7,20 [U/mL
recombinant IL-2 (Roche Diagnostics) was added to each
culture. After 12 days, 2 x 10° cells/mL were stimulated
for 4h with 10 ng/mL phorbol mystrate acetate, 1.25 pm
ionomycin, and 5 pg/mL brefeldin A (all Sigma Sciences)
for the detection of intracellular cytokines. To measure
released cytokines in supernatants, PBMC were stimulated
at a concentration of 1 x 10° cells/mL without brefeldin A.

Detection of intracellular cytokines

Simultaneous staining of surface markers and intracellu-
lar cytokines (CD4-FITC, CD8-PerCP, IL-2-PE, IL-4-PE,
IEN-v-PE, all Becton Dickinson, San Jose, CA, USA, IFN-
v-APC, IL-10-APC, PharMingen, San Diego, CA, USA) was
performed as described previously [29]. Using a FACSCa-
libur four-colour cytometer equipped with CellQuestPro
software (Becton Dickinson), analysis of cytokine profiles
(IL-2, IL-4, IL-10, and IFN-y) in CD4" and CD8" lympho-
cytes, respectively, was realized by combining the gate for
lymphocytes with a CD4 " or CD8™" gating window. Results
are expressed as percentages of CD4" and CD8" T-cells
containing the studied cytokines, respectively.

Detection of secreted cytokines

Levels of IL-4, IL-10, and IFN-y in supernatants were
measured by ELISA using matched antibody pairs (Endo-
gen, Woburn, MA, USA) according to the manufacturers’
instructions (sensitivity limits: IL-4, 9pg/mL; IFN-v,
9.5 pg/mL; IL-10, 4.7 pg/mL [30]). Transforming growth

factor (TGF) - B, levels were detected using a solid
phase ELISA-Kit (DRG International Inc., Mountainside,
NY, USA) according to the manufacturer’s instructions
(sensitivity threshold 1.9 ng/L).

Detection of allergen-specific immunoglobulin E,
immunoglobulin A, and immunoglobulin G subclasses

IgE, IgA, IgG1, and 1gG4 specific for recombinant Der p 1,
Der p 2, Der p 5, Der p 7, and Der p extract in plasma were
measured by ELISA as described elsewhere [31].

Statistical analysis

Data were analysed using SPSS for windows (SPSS Inc.,
Chicago, IL, USA). Non-parametric Wilcoxon’ matched-
pairs signed-rank test was used to compare alterations in
cellular and humoral immunologic parameters at the
different times of the study. A P-value less than 0.05 was
considered significant.

Results

Allergen-specific lymphocyte proliferative reactivity

Allergen-specific lymphoproliferation to the allergen of
treatment was measured at the initiation of SLIT (phase I),
after 2 weeks (dose escalating phase, phase II), and after
8 weeks of therapy (dose maintenance period, phase III).
Throughout the study period, proliferative activity of
PBMC in response to the SLIT allergen did not change
significantly (n=13). Alterations in control cultures
(recombinant IL-2 and tetanus toxoid) did not indicate
any trend either (Fig. 1).

Patterns of intracellular and secreted cytokines

Levels of IL-2, IL-4, IFN-vy, and IL-10 in CD4" and CD8™"
lymphocytes were analyzed in eight patients at the given
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Fig. 1. Allergen-specific lymphoproliferation assays at initiation of sublingual immunotherapy (SLIT) (phase I), after 2 weeks of therapy (dose
incremental period, phase II), and after 8 weeks of therapy (dose maintenance period, phase III). Peripheral blood mononuclear cells were stimulated with
the allergen of treatment (Dermatophagoides pteronyssinus (Der p) 1, recombinant timothy grass pollen allergen 1 (rPhl p 1), recombinant birch pollen
allergen 1 (rBet v 1), respectively), recombinant IL-2 and tetanus toxoid were used as controls. Lymphocyte proliferative activity was measured at day 6

by 3H-thymidine uptake, results are given as stimulation index (SI), n=13.
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Table 1. Intracellular cytokine production (n=8) and levels of secreted cytokines (n=9) at initiation of SLIT (phase I), after 2 weeks of therapy (dose
incremental period, phase II), and after 8 weeks of therapy (dose maintenance period, phase III)

SLIT Tetanus toxoid Control
Median Range P Median Range P Median Range P
Intracellular cytokines (n = 8)

IL-4" CD4" (%)

Phase | 3.91 0.51-7.44 3.13 1.15-8.95 2.97 1.04-10.32

Phase I 3.24 0.24-14.67 0.779 2.28 0.59-8.33 0.401 2.13 1.02-6.00 0.327

Phase III 2.08 0.41-12.534 0.889 2.41 0.37-9.91 0.237 3.42 0.45-8.13 0.779
IEN-y* CD4" (%)

Phase I 2.51 1.66-7.73 2.68 1.54-7.77 2.3 1.46-7.15

Phase II 3.47 0.82-8.39 0.779 2.47 0.82-4.58 0.401 2.97 1.57-5.37 0352

Phase III 2.44 1.47-5.78 0.889 1.68 0.86-3.35 0.128 1.88 0.84-6.31 0.018*
IFN-y* CD8™ (%)

Phase 1 17.01 6.63-35.88 15.25 10.23-40.71 15.42 12.14-47.48

Phase 11 17.33 5.67-31.12 0.208 16.11 6.5-29.37 0.674 15.95 11.12-24.06 0.237

Phase III 13.44 7.27-38.08 0.575 14.16 6.61-30.79 0.237 11.8 6.87-31.31 0.236

Secreted cytokines (n =9)

IL-4 (pg/mL)

Phase I 37.11 4.04-105.97 33.32 4.93-642.63 17.96 2.47-333.401

phase II 21.09 0.523-412 0.767 14.75 6.65-418.68 0.11 22.51 2.77-259.29 0.594

Phase III 17.38 3.89-159.78 0.674 23.19 1.94-77.04 0.11 15.32 1.64-377.51 0.594
IFN-y (pg/mL)

Phase 1 814.8 78.4-2741.7 814.8 147.12-6845.94 536.8 157.6-2960.04

Phase 11 737.23 85.7-4202.7 1 897.54 170.36-4686.12 0.441 406.6 61.22-2458.72 0.859

Phase III 352.5 142.4-4023.66 0.515 482.89 108.46-1121.04 0.123 394 133-8748.72 0.515
IL-10 (pg/mL)

Phase | 3.44 0.83-14.89 3.09 1.9-67.04 3.2 0.59-30.56

Phase IT 5.68 0.36-82.78 0.612 4.69 0.48-160.6 0.441 4.27 0.48-65.75 0.139

Phase III 6.84 1.19-26.9 0.161 4.51 0.95-15.2 0.407 6.12 0.83-65.41 1
TGF-, (pg/mL)

Phase I 84.93 0-185.71 125.5 0-311.0 115.11 0-208.04

Phase 11 90.76 0-201.79 0.886 129.75 0-233.93 0.674 146.25 0-262.84 0.327

Phase III 95.17 0-264.29 0.208 92.19 0-277.68 0.208 60.42 0-219.64 0.31

PBMC were co-cultured with the allergen of treatment (Der p 1, rPhl p 1, or rBet v 1) for 12 days. Tetanus toxoid and the cell suspension without allergen

served as controls. Levels of intracellular cytokines were measured by flowcytometry, IL-4" and IFN-y™ cells are given as percentages of CD4" and
CD8" lymphocytes. Patterns of secreted cytokines (IL-4, IFN-y, IL-10, and TGF-B;) were measured in culture-supernatants by ELISA.

*P < 0.05, Wilcoxon matched-pairs signed-rank test.

SLIT, sublingual immunotherapy; PBMC, Peripheral blood mononuclear cells; Der p 1, Dermatophagoides pteronyssinus; rPhl p 1, recombinant timothy

grass pollen allergen 1; rBet v 1, recombinant birch pollen allergen 1.

times after 12 days of culture. There were no significant
variations in IL-47CD4™, IFN-y*CD8+, IL-27CD4™, and
IL-27CD8™ cells in allergen-stimulated and control cul-
tures, respectively (Table 1, data for IL-2 not shown). A
significant decrease in IFN-y*CD4" cells was seen from
phases I to III in the negative control (P=0.018). As per-
centages of IL-47CD8, IL-10"CD4", and IL-10"CD8™"
cells were very low (< 0.5%, 5% in almost all experi-
ments, data not shown) and could not be clearly discrimi-
nated from the negative populations, these data were
excluded from statistical analysis.

Levels of IL-4, IFN-vy, IL-10, and TGF-B; secreted by
allergen-specific PBMC after 12 days of culture were
measured in nine patients and did not change signifi-
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cantly throughout the study period. The same applies to
cytokine levels measured in control cultures (Table 1).

Immunoglobulin levels

Levels of IgE, 1gG1, IgG4, and IgA specific for recombi-
nant Der p 1, Der p 2, Der p 5, and Der p 7 and complete
HDM extract were detected in plasma samples of seven
patients receiving SLIT against HDM. Neither significant
alterations nor consistent trends in allergen-specific IgE,
IgG1 or IgA during the studied first 8 weeks of SLIT were
observed (Fig. 2). No allergen-specific IgG4 could be
detected (data not shown).
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Fig. 2. IgG1, IgA, and IgE antibodies specific for recombinant Dermatophagoides pteronyssinus (Der p) 1, Der p 2, Der p 5, Der p 7, and Der p extract.
Plasma samples from seven patients receiving sublingual immunotherapy (SLIT) against house dust mite were obtained at initiation of SLIT (phase I),
after 2 weeks of therapy (dose incremental period, phase II), and after 8 weeks of therapy (dose maintenance period, phase III). Results are given in OD.

Discussion

In order to identify early systemic immunologic changes
during effective SLIT in children, we monitored allergen-

specific proliferation, and intracellular as well as secreted
cytokines in PBMC, according to data on the immunologic

mechanisms of subcutaneous-specific immunotherapy
[32-38]. Analysing allergen-specific proliferative activity
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of PBMC (n=13), we did not observe any significant
changes in stimulation indices of allergen-stimulated cul-
tures or controls (Fig. 1). These results are concordant with
the so far single placebo-controlled study on cellular
immunologic mechanisms of SLIT involving children,
finding no significant differences in allergen-specific lym-
phocyte proliferation between groups after 1 and 2 years of
SLIT against grass pollen. However, no longitudinal eva-
luation within groups was performed in this study [39].

Regarding SLIT-induced alterations in intracellular
(n=8) as well as secreted allergen-specific cytokine pat-
terns (n=9), we observed no effect on the T-helper type 2
(Th2)-associated cytokine IL-4 or the Th1-dedicated cyto-
kine IFN-v, which concurs with results from other studies
[14, 39]. In addition, neither IL-10 nor TGF-f,, two
cytokines associated with the induction of immunological
tolerance, which are currently discussed as key factors in
subcutaneous immunotherapy [33, 38, 40], were affected
during the first 8 weeks of SLIT (Table 1). To enhance the
validity of our cytokine measurements, we decided to use
two methods of detection - flow cytometry and ELISA - as
values of intracellular and secreted cytokines have been
reported not to match exactly, especially in atopic indivi-
duals [41]. In our study both sources of data were
consistent for IL-4 and IFN-y, but we observed a slight
discrepancy in levels of intracellular and secreted IL-10.
While the percentages of IL-10"CD4" and IL-107CD8™"
Ilymphocytes were below 0.5%, 5% in almost every patient
and were hence excluded from statistical analysis (data
not shown), secreted cytokine could be measured, even
though at low levels (Table 1). Most likely, other cells than
lymphocytes represented the source of IL-10 in super-
natants. The significant drop in IFN-y levels in CD4™" cells
from phases 1 to IIl in control cultures (P=0.018) is
difficult to discuss (Table 1). It can probably be considered
as an artefact, as it was neither reflected in CD8 *IFN-y*
cells, nor in levels of secreted cytokine.

In contrast to data on cellular mechanisms, a higher
number of studies has evaluated the alteration of allergen-
specific Ig levels during SLIT. However, some authors
observed alterations in allergen-specific IgE and/or IgG4
[11-18], whereas others did not find any changes [19-22,
39]. After 8 weeks of SLIT, we did not find significant
alterations in specific IgE and IgG1 levels to HDM extract
in plasma samples of seven children. These results were
further confirmed by detection of specific antibodies to
the recombinant HDM allergens Der p 1, Der p 2, Der p 5,
and Der p 7 (Fig. 2). Specific 1gG4 was not induced
throughout the study period. In addition, we measured
allergen-specific IgA because TGF-f, favours IgA-isotype
switching [42], but neither TGF-3; nor IgA were affected
by SLIT (Table 1 and Fig. 2). However, it has to be
considered that the study period (first 8 weeks of therapy)
might have been too short to achieve statistically signifi-
cant alterations in Ig levels, although in some other
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studies specific IgA was not altered after 1 year [22] and
specific IgE and IgG4 levels did not change even after 2
years of therapy [20, 39].

Certainly, peripheral blood may not be suitable for
investigating effects of local immunotherapy and follow-
ing salivary or other secretory IgA might be more reason-
able. Recently, the blunting of the seasonal peak in nasal-
specific IgE but not in serum IgE in children suffering
from allergic rhinoconjuncitivitis to grass pollen in the
course of high-dose SLIT was observed, suggesting local
immunologic effects in the absence of systemic effects
[43]. Further evidence for a pivotal role of the local
immune system in the immunologic mechanisms of SLIT
has been provided by a study showing no direct absorp-
tion of sublingually administered radio-labelled Parietar-
ia judaica through the oral mucosa but a fraction of the
extract could be detected at the sublingual level for up to
20 h. This led to the hypothesis of antigen up-take and -
processing by local dendritic cells, which after migration
to the local lymph nodes act as antigen-presenting cells
and may contribute to the induction of tolerance by
modifying T cell responses [44].

On the other hand, as the organs intended to be treated
by SLIT are the nose and the lung, and the immunologic
effects leading to improvement of symptoms have to be
transferred to these organs, it would be reasonable to
expect systemic immunologic changes.

With SLIT, a safe and easily applicable way of specific
immunotherapy has been found. Yet the underlying
immunologic mechanism is still unknown. In this study,
we did not observe any early systemic immunologic
changes in the first 8 weeks of clinically successful SLIT
in paediatric patients with allergic rhinoconjunctivitis
and/or asthma. As our results are concordant with other
studies, we assume that the immunologic mechanisms of
SLIT may differ from those of SIT, and local immunologic
effects potentially occur without alterations of systemic
parameters. We conclude that further studies investigating
parameters of the systemic and in particular the local
immune system of the target organs are required.
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