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Sublingual immunotherapy with Dermatophagoides monomeric allergoid
down-regulates allergen-specific immunoglobulin E and increases both

interferon-y- and interleukin- -10-production
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Clinical and 3umma
Background The clinical efficacy and safety of sublingual immunotherapy (SLIT) for

Experl mental aeroallergens has been demonstrated in several trials, whereas the immunological changes
AI Ier gy induced by this treatment, which may account for the clinical improvement, are still unclear.
Objective To investigate the effects of a successful SLIT on the in vitro allergen-driven T cell
response and cytokine secretion as well as on the serum levels of chemokines and of IgE, 1gG1
and 1gG4 antibodies (Abs).
Materials and methods Twenty-five Dermatophagoides pteronyssinus (Dp)-sensitive patients
with perennial rhinitic and/or rhinitic and asthmatic symptoms were randomized into two
groups (13 untreated (UT) and 12 SLIT-treated) for a 1 year and half study. The proliferative
response of peripheral blood mononuclear cell (PBMC) to purified Der p1 allergen, their
cytokines (IFN-y, IL-4, IL-10 and TGF-p) production and serum levels of chemokines
associated with T helper type 1 (Th1) (CXCL10) or T helper type 2 (Th2) (CCL22) responses and
of Dp-specific IgE, IgG1 and IgG4 Abs were evaluated before and after 6 months of treatment.
Results SLIT induced a significant reduction of symptom medication scores after 6, 12 and
18 months of treatment in comparison with UT patients. SLIT-treated patients showed a
significant decrease in serum levels of DP-specific IgE Abs, whereas total IgE, and specific
IgG1 and IgG4 Abs remained unchanged. The proliferative response of allergen-specific
T cells to Der p1 in vitro after 6 months of treatment was reduced, while no effect was observed
on T cell proliferation to recall antigen (streptokinase). Moreover, Der p1-driven IFN-y and
IL-10 were significantly increased in culture supernatants of PBMC from 6 month-treated
patients in comparison with those detected at the beginning of therapy.
Conclusions These data suggest that the allergen-driven enhancement of IL-10- and IFN—y—
Correspondence: producing T cells precedes and associates with SLIT-induced down-regulation of specific IgE,
Dr E. Maggi, Centro di Ricerca, thus providing a rationale to explain the clinical benefit of SLIT in allergic patients.
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Introduction mended by WHO as an integrated part of the allergy

management strategy [1-3]. Several studies have shown
that immunotherapy, based on the subcutaneous admin-
istration of increasing doses of allergen (SIT), achieves a
hyposensitization and reduces both early and late re-
sponses occurring during the natural exposure to allergen
'These authors equally contribute to the paper. itself. SIT is accompanied by increases in the titre of

Allergen-specific immunotherapy is recognized as a
highly effective practice in the treatment of patients with
severe allergic rhinitis (AR) and/or asthma, and is recom-
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allergen-specific IgG antibodies (Abs), particularly the
IgG4 isotype [4], which blocks IgE-dependent release of
mediators from basophils and mast cells. This leads to a
reduced T cell response to the specific allergen [5] and to a
long-lasting impairment of serum IgE Abs [6]. It has also
been demonstrated that SIT modifies peripheral and
mucosal T helper.type 2 (Th2)- responses into a prevalent
T helper type 1 (Th1) cytokine profile of allergen-specific
CD4™ T cells [7-9]. Moreover, the increased proportion of
IL-10-producing T cells in response to allergen stimula-
tion after SIT has emerged as a highly consistent finding,
which can explain several humoral and cellular altera-
tions observed in treated patients [10, 11]. An important
question concerns whether the increased Th1 responses or
IL-10 (or both) play some roles in the induction of
tolerance to allergen seen during SIT.

Sublingual immunotherapy (SLIT) was introduced dur-
ing the 1980s as an alternative route of immunotherapy,
conferring more safety than SIT. Its efficacy in reducing
symptoms and medication usage, as well as in decreasing
bronchial/nasal reactivity towards the offending allergen
in a considerable number of trials performed in adults and
children has been clearly demonstrated [12]. In 1998,
WHO, and in 2001, the allergic rhinitis and its impacts on
asthma (ARIA) document concluded that SLIT is a valid
alternative to the injective SIT and that its use in clinical
practice in adults as well in children is justified [9, 13]. Ina
very recent Cochrane meta-analysis, the efficacy of SLIT
has been definitively shown [14].

Because of the few observations on the mechanisms
exerted by SLIT, no clear evidence has been provided of
whether it is capable of affecting the allergen-specific
immune response. A relevant effect of SLIT on serum IgE
or IgG isotypes was observed only in a minority of studies
[15-17], whereas there is only one report on the reduction
of T cell response to allergen [18]. In humans, SLIT has been
shown to impair inflammatory phenomena (cellular infil-
tration and adhesion molecule expression on epithelia) in
target organs [16]. Only one report has recently shown that
SLIT was able to increase allergen-driven IFN-y production
[19], while other authors did not find any humoral or
cellular changes [20]. By contrast, several evidence in
animal models of asthma indicate that the oral route of
immunotherapy is tolerogenic and can redirect the Th1/Th2
differentiation, in part by eliciting dendritic cells of oral
mucosa producing high levels of IL-12 [21]. The Dermato-
phagoides monomeric allergoid used in this study for SLIT
was submitted to a 2-year double-blind placebo-controlled
trial, demonstrating clinical efficacy and a significant
decrease of allergen-driven inflammatory response [22].

In this study, some specific immune parameters were
assessed in a panel of Dermatophagoides pteronyssinus
(Dp)-sensitive patients before and during SLIT, and were
compared with those from a matched group of untreated
(UT) Dp-sensitive patients. SLIT induced an improvement

of symptoms accompanied by a decrease in serum-speci-
fic IgE, but not of IgG1 and IgG4, Abs within 12-18
months of therapy. More importantly, SLIT increased IL-
10 and IFN-y production upon allergen stimulation of
peripheral blood mononuclear cell (PBMC) before the
clinical improvement. As both cytokines are able to impair
Th2 responses, this finding provides a biological basis for
the clinical effects of SLIT.

Materials and methods

Reagents

Dp extract in glycero-saline (glycerol 50%, sodium chlor-
ide 3.4 mg/mL, sodium bicarbonate 1.375 mg/mL, phenol
4mg/mL) for skin prick tests (SPT), and purified Der p 1,
allergen (obtained by mAb affinity chromatography)
for in vitro tests were purchased from Lofarma S.p.A.
(Milan, Italy).

All selected patients were prescribed a commercial SLIT
treatment with a monomeric allergoid of Dermatopha-
goides (50/50 mix of Dp and D. farinae) (LAIS®, Lofarma
SpA ), obtained by carbamilation with potassium cyanate
at alkaline pH, a reaction that leads to a substantial
substitution of e-amino groups of lysine residues and
consequently a strong decrease in the capacity to react
with IgE Abs [23]. The product, standardized for allergenic
potency by RAST/EAST-inhibition in comparison with an
in-house reference preparation and titrated in allergenic
units (AU), was formulated in orosoluble tablets and
administered sublingually.

The medium used was RPMI 1640 (Seromed, Berlin,
Germany), supplemented with 2 mm L-glutamine, 1% non-
essential amino acids, 1% pyruvate, 2 x 10~ > m 2-mer-
captoethanol (2-ME) (all from Gibco Laboratoties, Grand
Island, NY, USA) and 5% autologous serum. Unconjugated
and flourescein isothiocyanate (FITC), phycoerythrin (PE),
allophycocyanin (APC) or peridin chlorophyll protein
(PerCP)-conjugated anti-CD3, anti-CD4, anti-CD8, anti-
(D25, anti-IL-10, anti-IL-10R, anti-IFN-y and anti-IL-4
monoclonal antibodies (mAbs) were purchased from Bec-
ton Dickinson Biosciences (Mountain View, CA, USA).

All unconjugated and conjugated, isotype-matched,
control Abs were purchased from Southern Biotechnology
Associated Inc. (Birmingham, AL, USA). Streptokinase
(SK) antigen was purchased by Behring (Behring, L'Aqui-
la, Italy). Phorbol-12-myristate-13-acetate (PMA), iono-
mycin, brefeldin A, phytohaemagglutinin (PHA) and
saponin were from Sigma Chemical Co. (St Louis, MO,
USA). IL-2 was a kind gift from Eurocetus (Milan, Italy).

Patients

A total number of 25 (14 men and 11 women) age-
matched Dp-sensitive patients having perennial rhinitis
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and/or rhinitis plus mild asthma were recruited from
November to December 2002. The criteria for inclusion in
the study were as follows: age below 45 years; history of
perennial allergic symptoms for at least 3 years; positive
SPT for Dp; RAST positivity (more than class 3); and no
chronic usage of drugs or prior SIT. Six out of the 20
selected patients showed positive SPTs for seasonal aller-
gens: five for grass pollens and one for compositae
poliens.

Balancing of experimental groups

The selected patients were randomized into two groups
(consisting of 13 UT patients and 12 treated with SLIT)
taking into account age, sex, type and importance of
symptoms. Six of them also had seasonal symptoms and
were included in UT- [3] or SLIT-treated [3] group.
Descriptions of the patients are summarized in Table 1.

Immunotherapy programmes

SLIT was carried out by self-administration and was
continued from January 2003 to December 2004. The
patients were carefully instructed by the prescribing
physician on the modality of use of the SLIT and the
dosage schedule. Moreover, the manufacturer provided
clear written instructions. The buildup phase of about 8
weeks involved the administration, every other day, of
increasing doses (25, 50, 100, 200, 300, 600, 1000 AU)
until the maintenance dose of 1000 AU was reached. This
maintenance dose was then administered once a week.
The cumulative dose of allergen extract received by each
patient was about 60 000 AU/year. The tablets had to be
taken in the morning, dissolved in the mouth for 1-2 min
and then swallowed.

All patients were prescribed an appropriate drug ther-
apy to control their symptoms. Regular visits for clinical
evaluation and safety assessment were scheduled. Blood
samples were taken before starting treatment, at 6, 12 and
18 months of therapy. The study was conducted according

Table 1. Description of patients

SLIT group Control group
Number of patients 12 13
Mean age 28 30
Age range 16-43 20-36
Gender (M/F) 7/4 5/4
Single sensitization 8/11 (72%) 6/9 (67%)
Rhinitis alone 6/11 (55%) 5/9 (56%)
Rhinitis + mild asthma 5/11 (45%) 4/9 (44%)
Follow-up period (months) 18 18
Duration of disease (years) 43+3.8 4.0+3.1
Drop out 1 4

SLIT, sublingual immunotherapy.
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to Good Clinical Practices rules. The patients gave in-
formed consent before inclusion.

Clinical evaluation

Both treated and UT patients maintained a weekly diary of
allergic symptoms during natural exposure periods. Spe-
cific symptoms scores (SSS) recorded were nasal blockage,
nasal itching, sneezing, rhinorrhoea, eye irritation and
watering, wheezing, cough and asthma. Symptom medi-
cation scores (SMS) were calculated from patient diaries,
as described previously [24). Arbitrary scores were attrib-
uted to the drugs used (0.5 points for each dose of nasal
corticosteroids and 2 points for each dose of antihista-
mine). Patients were instructed to use local steroids only
(plus antihistamines if they did not improve symptoms)
and to report each administration or variation of the
initial drug therapy in the diary. The values reported in
Table 3 are the average of daily SMS in the indicated
period. Patients were also instructed to stop drugs at least
7 days before blood sampling. At each time point (time O,
6, 12 and 18 months) of the study, patient self-evaluation
was carried out: each one was asked for his/her overall
evaluation of the treatment with categories of symptoms
gravity (from 0 to 15).

Detection of immonuglobulin E and immunoglobulin G
antibodies and chemokines in the serum

Sera were collected in January, June, December 2003
and June 2004. Total and anti-Dp IgE Abs were detected

" in the sera by the commercial IgE CAPSYSTEM@ (Phar-

macia, Uppsala, Sweden). Allergen-specific IgG1 and
IgG4 Abs were also measured by the common ELISA
procedure [25] using monoclonal anti-IgG1 and anti-
1gG4 (Unipath Limited, Bedford, UK) as first Ab, and anti-
murine-1gG raised in goat and peroxidase-conjugated
(Sigma-Aldrich Srl, Milan, Italy) as second Ab. The
absorbance was read at 492nm, and results were ex-
pressed as the ratio between OD of the sample and OD of
the control negative sera as described previously. Detec-
tion of CXCL10 and CCL22 in the serum was performed
using commercial kits (R & D Systems, Minneapolis, MN,
USA).

Flow cytometric analysis

Flow cytometry analysis of PBMC was performed as
detailed elsewhere [26]. Cells were analysed on a BDLSRII
cytofluorimeter, using the Diva software (BD Biosciences,
Mountain View, CA, USA). The area of positivity was
determined using an isotype-matched control mAb. Ten
thousand events for each sample were acquired.
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Allergen-specific proliferative response

Allergen-specific T cell response was assessed on blood
samples taken at the beginning and in 6th month of
therapy. PBMC (10%/mL), suspended in medium additioned
of 5% of autologous serum, were cultured in triplicate on
96 U-bottomed plates (Nunc, Kamstrup, Denmark) for 5
days in the presence-of increasing doses of Der p1(04,2
and 10 pg/ml) and of unrélated recall antigen (SK, at 400,
2000 and 10 000 IU/mL). In some experiments, PBMC were
stimulated with Der p 1 in the absence or presence of
neutralizing anti-IL10 (10 pg/mL) or anti-IL-10R (10 pg/
mL), or an isotype-matched, mAbs (10 pg/mL). After a 16
h pulse with 0.5 uCi (*H)-thymidine/well *H-TdR; Amer-
sham International, Bucks, UK), cultures were harvested
and (°H)-TdR was measured [27].

Quantitation of cytokine production

To assess cytokine production, 105 PBMC were activated
with different doses of allergen or-antigen and 5-day cell-
free supernatants were frozen at — 70°C until use. The
quantitative determination of IL-4, IL10, TGF-f and IFN-y
were performed using a commercial ELISA (Quantikine
RE&D Systems, Minneapolis, MN, USA) according to the
manufacturer’s instructions.

Flow cytometric analysis of intracellular cytokines

Allergen-specific short-term T cell lines were generated
from PBMCs (1 x 10%/mL) of two SLIT-treated donors with
Der p 1 (10 pg/mL). On day 7, allergen-activated T cells
were expanded with rIL-2 as described [27].

Flow cytometric analysis at the single cell level of
intracellular IL-4, IL-10 and IFN-y synthesis of the T cell
lines was performed, as detailed elsewhere [26]. Briefly,
1x10° cells were stimulated with PMA (10 ng/mL) plus
ionomycin (1 pm) for 6 h, the last four in the presence of
brefeldin A (5pg/mL). After stimulation, cells were
washed twice with Phosphate buffered solution (PBS) pH
7.2, fixed for 15min with formaldehyde (2% in PBS pH
7.2), washed twice with 0.5% bovine serum albumin (BSA)
in PBS pH 7.2, permeabilized with PBS pH 7.2, containing
0.5% BSA and 0.5% saponin, and then incubated for
15 min at room temperature with the specific mAbs. Cells
were then washed and analysed on a BDLSRII cytofluori-
meter, using the Diva software (BD Biosciences). The area
of positivity was determined using an isotype-matched
control mAb. 10* events for each sample were acquired,

Statistical analysis

Statistical analysis was performed using the paired and
unpaired Student's t-test, as appropriate. A P-value of less
than 0.05 was considered significant.

Results

Clinical efficacy of sublingual immunotherapy for
Dermatophagoides pteronyssinus

Twenty out of 25 enrolled patients (80%) completed the
study in the year 2004. The ‘dropouts’ were four among
the UT patients and one in the SLIT-treated group, who
stopped SLIT owing to pregnancy. The dropouts among UT
patients occurred because of low compliance in providing
blood samples.

Clinical results of the 1-year and half follow-up were
based on the patient self-evaluation scores obtained at the
beginning and after 6, 12 and 18 months of treatment. The
SSS of both SLIT-treated and UT patients at 6, 12 and 18
months were significantly reduced in comparison with
those shown at time 0 (Table 2). Of note, in SLIT-treated,
but not in UT, patients a significant reduction in SMS was
also observed (Table 3).

Effects of sublingual immunotherapy on serum levels of
allergen-specific immunoglobulin E, immunoglobulin G1
and immunoglobulin G4 antibodies

‘Dp-specific IgE Abs decreased in serum samples from
SLIT-treated patients in comparison with those detected
before the treatment, whereas total IgE were not affected.
As shown in Fig. 1, the reduction of Dp-specific IgE was
significant after 12 (in 10 out of 11 patients) and 18 (in all
11 patients) months (P < 0.05 and P < 0.005, respec-
tively) of therapy. By contrast no changes of both total
and Dp-specific IgE were observed in UT patients analysed
at0, 6, 12 and 18 months of the study. The amounts of Dp-

Table 2. Specific symptoms scores ,

SLIT group Control group
Time 0 10.0+1.8 10.1+ 1.6
6 months 6.2+1.2 7.1+2.4"
12 months 57%1.1* 6.0+1.7"
18 months 5.340.8* 5.6+ 1.0*

Clinical scores (+ SE) were evaluated as described in Materials and
methods.

*P < 0,05 (vs. time 0 in each group)

SLIT, sublingual immunotherapy.

Table 3. Daily Symptom medication scores

SLIT group Control group
6 months 2.6+0.8 3.34+09
12 months 1.6 +0.5° 2.4+0.6"
18 months 1.140.4° 2.7+ 0.8°

Daily symptom medication scores ( + SE) were evaluated as described in
Materials and methods. a vs. b, and c vs. d: P < 0.05
SLIT, sublingual immunotherapy.
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Fig. 1. Der p 1-specific and total IgE in the serum of untreated and
sublingual immunotherapy (SLIT)-treated patients. Serum samples taken
from nine untreated (black columns) and 11 SLIT-treated (white columns)
patients at different times (0, 6, 12, 18 months) from the beginning of
treatment were assayed for Der p 1-specific (upper panel) and total
(lower panel) IgE antibodies (Abs) by commercial kits as described in
Materials and methods. The mean values (& SE) are reported. *P < 0.05;
**P < 0.005. '

specific IgG1 and IgG4 were low in both groups and were
not changed after the treatment (data not shown).

Effects of sublingual immunotherapy on the allergen-
driven proliferative response and on T helper type 1/T
helper-type 2 balance

The proliferative response to increasing doses (0.4, 2 and
10 ug/mL) of Der p1 of PBMC from patients in the 6th
months of therapy was lower than that found before
treatment (Fig. 2). No change in the proliferative response
to increasing doses of SK was found in PBMC from both
UT- and SLIT-treated patients, analysed in the beginning
and after 6 months of treatment (Fig. 2).

When, we compared the Thl- and Th2-related cyto-
kines secreted in culture supernatants of PBMC, the levels
of IFN-y were significantly (P < 0.05) increased upon
stimulation with high doses of allergen in PBMC of
patients in the 6th month of SLIT in comparison with
those detected in supernatants at the beginning of treat-
ment (Figs 3a and 3b). By contrast, the amounts of IFN-y
in culture supernatants of PBMC stimulated with recall-
antigen (SK) from the same patients at 0 or 6 months

© 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 36 :261-272

of therapy were virtually unchanged (data not shown),
as were those from UT patients stimulated with both
antigens at the same time-points (Fig. 3a and data not
shown).

Of note, the levels of IFN-y in comparable samples
(culture supernatants from the same patient, stimulated
with the same doses of allergen performed at O and at 6
months) were increased (more than doubled) in 45% of
culture supernatants from SLIT-treated patients and only
in 149% of those from UT patients (P < 0.01).

In addition, the amounts of IL-4 in culture supernatants
of Der p 1- or SK-stimulated PBMC from UT- and SLIT-
treated patients performed before and after 6 months of
treatment were unchanged (data not shown).

The serum levels of CXCL10 (an IFN-y-driven chemo-
kine) after 12 and 18, but not after 6, months of treatment
were significantly higher (P < 0.05) than those found in
serum samples of patients at the beginning of therapy
(Fig. 3c), thus confirming, at least indirectly, the in vitro
IFN-y increase by allergen-specific T cells during therapy.
Of note, serum CXCL10 levels remained unchanged in UT
analysed at 0, 6, 12 and 18 months. Moreover, the
amounts of CCL22 (a Th2-related chemokine) in the sera
of treated and UT patients at the same time-points were
similar to those of the same patients at the beginning of
the study (Fig. 3c).

Effects of sublingual immunotherapy on requlatory
mechanisms of immune responses

The effects of SLIT on regulatory mechanisms were
initially studied in freshly isolated PBMC by evaluating
the proportions of CD4™ T cells highly expressing CD25,
referred to as T-regulatory (Treg) cells. The proportions of
circulating CD4*CD25 high T cells in SLIT-treated pa-
tients (monitored at 6 months) were similar to those found
at the beginning of therapy (data not shown).

Then, we considered the effects of SLIT on the produc-
tion of cytokines with regulatory activity such as TGF-§1
and IL-10. The mean values (= SE) of TGF-B1 in culture
supernatants of allergen-driven PBMC from UT- and
SLIT-treated patients after 6 months of treatment were
not significantly different (5900 & 623 vs. 5117 + 456 pg/
mL; P=0.3) from those of the same patients analysed at
the beginning of the treatment.

By contrast, the mean values of IL- 10 were significantly
(P < 0.05) increased in culture supernatants of allergen-
stimulated PBMC from patients after 6 months of SLIT in
comparison with those obtained at the beginning of
therapy, but only when low doses of allergen were used
(Figs 4a and 4b). Of note, the amounts of IL-10 remained
unchanged in culture supernatants of SK-stimulated
PBMC at 0 or 6 months of therapy, as well as those from
UT patients stimulated with both antigens at the same time
points (Fig. 4a and data not shown).
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Fig. 2, Effect of sublingual immunotheraby (SLIT) on the proliferative response to allergen, Der p1- and streptokinase (SK)-driven proliferative response
-of peripheral blood mononuclear cell (PBMC) from nine untreated and 11 SLIT-treated patients, examined before the beginning of immunotherapy

(black columns) and at the 6th month of treatment (white columns). 10®
SK, and the proliferative response was assessed by the measurement of

Of note, the levels of IL-10 in comparable samples
(culture supernatants from the same patient, stimulated
with the same doses of allergen performed at 0 and at 6
months) were increased (more than twice) in 55% of
culture supernatants from SLIT-treated patients and only
in 11% of those from UT patients (P < 0.001).

In order to evaluate whether IL-10 could influence the
proliferation and IFN-y production to allergen, PBMC
from two SLIT-treated patients were cultured with Der p
1 in the presence or in the absence of neutralizing anti-IL-
10 and anti-IL-10R mAbs. No effect on allergen-driven
proliferation and of IFN-y production with the two mAbs
was observed (data not shown).

In addition, we took the opportunity to re-evaluate
two patients after 22 and 24 months of therapy. Aller-
gen-stimulated PBMC from these two patients showed
increased IL-10 and IFN-y levels comparable with
those of 6-month samples and higher than those detected
before therapy (data not shown), thus suggesting that the
up-regulation of IFN-y and IL-10 observed after 6 months
of SLIT was maintained during the entire treatment
period. Moreover, intracellular cytokines were evaluated
in allergen-specific short-term T cell lines generated
from the two patients. Whereas the proportions of
IL-4-producing T cells were unchanged after therapy
(Fig. 4c), thus confirming the previous observation, the
proportions of allergen-specific CD4" T cells producing
IFN-v (21.5% vs. 7.9% and 20.4% vs, 6.9%) or IL-10 (5.1%

PBMC were cocultured in triplicate for 5 days with increasing doses of Der p 1 or
*H-thymidine uptake, The mean values of cpm ( = SE) are reported.

vs. 1.1% and 3.7% vs. 1.6%) were highly increased in
comparison with those found in T cell lines generated
before SLIT (Fig. 4c). In addition, whereas the proportions
of IFN-y- and IL-10-producing CD4™ T cells were largely
in favour of those secreting IFN-y, interestingly, more
than half of those producing IL-10 co-expressed cytoplas-
mic IFN-y (2.9% and 2.0% of total CD4™ T cells, respec-
tively, vs. 0.20 and 0.4% of the same patients before
therapy) (Fig. 4c). ,

When the amounts of IFN-y and IL-10 produced
by allergen-stimulated PBMC of SLIT-treated (6 months)
patients were compared, no correlation (R =—0.02) was
found (as in as those obtained from PBMC of the
same patients before therapy or of UT patients, data not
shown).

When we verified whether the immunological changes
correlate with clinical benefit, indeed, no relation was
found (at the single patient level) between the SSS
decrease and the in vitro increase of IFN-y (r=0.036,
P=NS), or IL-10 (r=0.098, P=NS), as well as the up-
regulation of soluble CXCL10 levels (r=0.121, P= NS)
(data not shown), after 6 months of SLIT. In addition, a
slight correlation between the SSS or SMS decrease and
the reduction of specific IgE Ab (r=0.511, P < 0.1;
r=0.587, P <0.1) was observed. Lastly, in SLIT-treated
patients the IL-10 or the IFN-y increases were not related
(r=0.026, P=NS; and r=—0.081, P=NS) to the IgE
decrease (data not shown).
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Fig. 3. Effects of sublingual immunotherapy (SLIT) on IFN-y production by allergen-stimulated peripheral blood mononuclear cell (PBMC), and on
CXCL10 and CCL22 serum levels. (a) [FN-y levels were evaluated in culture supernatants of PBMC of nine untreated (UT) and 11 SLIT-treated patients
stimulated for 5 days with increasing doses of Der p 1 as described in Materials and methods. Supernatants were obtained at the beginning (black
column) and after the 6th month of treatment (white columns). Mean values (£ SE) are reported. (b) IFN-y levels detected in culture supernatants of
PBMC from each SLIT-treated patient, stimulated for 5 days with 10 pg/mL of Der p 1, at 0 and after 6 months of therapy. (c) Serum samples taken from
nine UT (black columns) and 11 SLIT-treated (white columns) patients at different times (0, 6, 12 and 18 months) from the beginning of treatment were
assayed for the content of CXCL10 and CCL22 by commercial kits as described in Materials and methods. Mean values ( + SE) are reported. *P < 0.05.
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Fig. 4. Effects of sublingual immunotherapy (SLIT) on IL-10 production by allergen-stimulated peripheral blood mononuclear cell (PBMC). (a) IL-10
levels were evaluated in culture supernatants of PBMC of nine untreated (UT) and 11 SLIT-treated patients stimulated for 5 days with increasing doses of
Derp 1 as described in Materials and methods, Supernatants were obtained at the beginning (black column) and after the 6th month of treatment (white
columns). Mean values ( + SE) are reported. (B) IL-10 levels detected in culture supernatants of PBMC from each SLIT-treated patient, stimulated for 5
days with 0.4 pg/mL of Der P 1, at 0 and after 6 months of therapy. (C) Flow cytometric evaluation of intracellular levels of IL-4, IL-10 and IFN-y on
polyclonally stimulated Der P 1-specific CD4+ T cell lines obtained from the same SLIT-treated patient at 0 (black columns) and after 24 months of
therapy (white columns). Plots represent contemporaneous evaluation of IL- 10 and IFN-y in Der p 1-specific CD4+ T cell lines at 0 (left panel) and after
24 months of therapy (right panel). One representative experiment is depicted. *P < 0.05.
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Discussion

This study was addressed to evaluate the effect of SLIT for
Dp on immunological response to allergen in randomized
Dp-sensitive patients having perennial rhinitis and/or
asthma. Even though a high dropout rate (20%) was
observed along the study, however, this:does not alter the
representativeness of the surviving groups, as in the base-
line assay before treatment the mean values of Dp-specific
IgE, 1gG1 and IgG4, as well as of proliferative response to
allergen in the surviving groups, are comparable with
those of dropout patients.

When examined after 1 year and a half of SLIT, the
treated group of patients showed a clearcut reduction of
nasal and bronchial symptoms in comparison with those
displayed at the beginning of therapy, as well as a clearcut
reduction of SMS in comparison with those displayed by
UT patients.

In agreement with previously published results on
groups of patients treated with different non-injective
therapies [20, 28], SLIT-treated patients did not show any
increase of allergen-specific IgG1 and IgG4 Abs, which,
by contrast, are consistently up-regulated during subcu-
taneous SIT [4, 28]. More importantly, even if Dp-specific
IgE Abs remained unchanged in UT subjects, SLIT induced
a progressive reduction (significant after 12 months of
therapy) of allergen-specific IgE Abs serum levels, thus
giving a biological rationale to the improvement of
symptoms [12].

The effects of SLIT, as well as of other non-injective
therapies, on Ig isotypes have been extensively reported, but
the changes in allergen-specific IgE or IgG do not seem to be
constant and reproducible [15, 17, 20, 28]. However, more
clearcut data have been obtained in animal models indicat-
ing that the repeated inhalation of ovalbumin or ragweed
antigens reduced IgE response in rats with poor or no
modification of IgG response [29]. In agreement with its
activity on humoral responses, SLIT was able to reduce
slightly the proliferative response of peripheral blood T
lymphocytes to increasing doses of the major allergen of
house dust mite (Der p 1) in comparison with that found in
UT patients. Whereas the majority of studies on SIT de-
scribed a decreased T cell responsiveness to allergen, until
now contradictory results have been reported in SLIT-
treated patients [18-20]. On the whole, the data reported in
this study suggest that SLIT affects both systemic humoral
and cellular allergen-specific responses.

Several hypotheses have been proposed to explain the
immunoregulatory effects of SIT by attributing it to the
induction of a T cell tolerance [30], which may reflect
generation of allergen-specific suppressor T cells, clonal
anergy or extrathymic deletion of allergen-reactive mem-
ory T cells [31, 32]. More recently, the Th2 to Thl
deviation [7-9, 30], the up-regulation of CD4*CD25"
regulatory T cells [10] as well as the increased production
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of IL-10 by memory T cells have been proposed to be
involved in SIT [10, 11]. Another study reported that T
cells generated by SIT were CD4*CD25" T cells producing
both IL-10 and TGF-B [33]. Of note, some authors suggest
that IL-10 produced by adaptive Treg cells acts mainly by
shifting the allergen-specific Ab production. from the
dangerous IgE to the protective IgG4 isotype rather than
inducing a suppression of Th2 immune response [34],

At present, few data are available on the T cell mechan-
isms operating in non-injective therapy. It has been re-
ported that in local nasal immunotherapy the cytokine
impairment reflects more the decrease of T cell proliferative
response than a Th2-Th1 switch [28]. Moreover, in SLIT-
treated patients some papers reported no change of types 1
or 2 cytokines [18, 20], and in others a significant increase
of allergen (Dp)-driven IFN-y production was found [19].
The proportions of IL-10-producing T cells, analysed in two
of these studies, remained unchanged [20].

Our results indicate that the proportions of circulating
CD4*CD25" Treg cells remained unchanged after 6
months of SLIT, in agreement with a recent study per-
formed in SIT-treated patients [35]. As there is no clearcut
evidence that CD4*CD25™ Treg cells are confined at the
mucosal or lymphnodal levels, it seems unlikely that they
can play some role in T cell tolerance during SLIT. On the
other hand, our previous results suggest that CD4*CD25"
Treg cells are less active on Th2 than on Th1 responses,
and that peripheral Treg cells, sorted by CD25 expression,
are also contaminated by large and variable amounts of
activated allergen-specific effector T cells [36].

Furthermore, no change of allergen-driven TGF-B pro-
duction was detected before and after 6 months of therapy
in culture supernatants from UT- and SLIT-treated pa-
tients, thus also suggesting that TGF-p, or TGF-B-produ-
cing cells, are not involved in T cell tolerance of SLIT-
treated patients, as also observed for SIT-tréated patients
[37].

When T cell derived cytokines were analysed, no
change of allergen-induced IL-4 was detected in culture
supernatants after 6 months of therapy. More importantly,
PBMC from SLIT-treated (6 months of therapy) patients
produced significantly higher amounts of IL-10 and of
IFN-y in comparison with those observed at the beginning
of therapy, whereas no changes were found in correspond-
ing supernatants from UT patients, the duration of this
increase being at least for the entire treatment period.
Noteworthy, it has been shown that allergen-specific T
cells, expanded during SLIT, produce higher levels of IFN-
v or IL-10 or both, and are, indeed, potentially able to
suppress IgE response. Whether these T cell subsets
increase in all SLIT-treated patients, as well as the im-
plications of expanded IFN-y/IL-10 double-positive T
cells, are at present unknown. Regulatory IFN-y/IL-10
double-positive T cells (called Th1-like T1 cells) have been
described in mice undergoing chronic stimulation with
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antigens [38] or in protection against certain pathogens
such as leishmania, borrelia and mycobacteria [39). Even
though the contemporaneous presence of IL-10 and IFN-y
in PBMC in SIT-treated patients has been reported [37, 40,
41], this is the first time that the co-expression of both
Cytokines by allergen-specific CD4* T cells has been
described in patients undergoing immunotherapy. Never-
theless, it is also relevant to state that allergen-specific T
cell response during SLIT is characterised by high varia-
bility in cytokine production, suggesting different me-
chanisms acting at different times during therapy and/or
interacting each other in different ways.

These findings suggest that, even though the analysis is
limited to circulating and not to tissue or lymphnodal
memory T cells (where the changes are likely more
evident), both immunodeviation and immunoregulation
mechanisms are elicited by SLIT. Indeed, IL-10 and IFN-y
are able to impair in vitro allergen-specific Th2 responses
as well as to down-regulate IgE-producing cells (IFN-y)
directly, or to switch towards IgG4 subclass (IL-10), thus
giving a biological rationale for the well-documented
improvement of symptoms with SLIT. [14]. Some data
indicate that immunodeviation may play a critical role in
SLIT-treated patients more than immunoregulation.
Firstly, we reported the increased levels of CXCLIO0 in the
serum of SLIT-treated patients after 12-18 months of
therapy. It has been shown that CXCL10 is an IFN-y-
induced chemokine that stimulates IFN-y production in
an autocrine potentiating loop [42), and that in vivo,
enhanced levels of IP-10/CXCL10 have been detected in
several inflammatory Th1-oriented diseases [43]. Further-
more, increased IL-10 production seems to have a ques-
tionable role in vivo as there were undetectable levels of
allergen-specific 1gG4 Ab in SLIT-treated patients, a
subclass whose switch factor is IL-10 [34], or in vitre
where no effects on proliferative response and IFN-y
production under IL-10 neutralizing conditions were ob-
served. Finally, the absence of an inverse correlation
between the two cytokines in supernatants of allergen-
stimulated PBMC from SLIT-treated patients excludes that
IL-10, at least in vitro, inhibits IFN-y production of
allergen-specific T cells. This agrees with the finding that
IFN-y production by grass pollen-stimulated PBMC from
SIT-treated patients is inhibited in vitro by high doses of
IL-10, generally exceeding those generally found in cul-
ture supernatants [37).

An explanation of the absence of any inverse correla-
tion between the production of the two cytokines at all
allergen doses used at present remains only speculative.
One possibility is that it is due to the expansion of
allergen-specific T cells producing both IL-10 and IFN -Y.
The predominant expansion of IFN-y*IL-10" T cells when
the highest dose of allergen was used is in agreement with
previous studies reporting that high doses of allergens
selectively induce a CD4"-mediated type 1 cytokine

response in patients undergoing SIT [44, 45) as well as to
recall antigens and their peptides [32, 46, 47]. Of note, it
has also been clearly shown that the preferential IL-10 or
IFN-y response to allergens strictly depends on the type of
stimulating epitopes regardless of the allergic status of the
donor [48], and it cannot be excluded that some epitopes
favour in nature the stimulation of a T cell subset produ-
cing both cytokines.

A further relevant query concerns why SIT and SLIT
share some immunological mechanisms. Indeed, SLIT is
not simply a local immunotherapy leading to local mod-
ifications, but is also a systemic therapy as shown in a
pharmacokinetics study with radiolabelled Parj 1 allergen
locally administered in healthy volunteers, which ap-
peared in the plasma 15-20min and peaks after 2-3 h
[49].

A central question remains the possible correlation
between the clinical improvement and some in vitro or ex
vivo changes. It is unlikely that the clinical efficacy of
SLIT, which is due to a number of known and unknown
local and systemic mechanisms, may be strictly related to
one single parameter. Indeed, no relation was found (at the
single patient level) between the clinical benefit and
changes of IFN-y, IL-10 production, serum CXCL10 or
IgE levels, thus resembling a vast bibliography on SIT and
SLIT [1, 2, 9, 12]. However, it is noteworthy that all SLIT-
treated patients with clinical benefit showed a significant
increase of IFN-y or of IL-10 or of both cytokines, whereas
only two out of nine UT patients showed this trend.

In conclusion, based on the data available currently, we
do not know whether a predominant Th1-skewing or an
immunoregulatory mechanism plays the major role in the
meodification of allergen-specific Th2 response leading to
reduction of IgE and clinical. The presence of T cells
producing both IFN-y and IL-10 in SLIT-treated patients
may be relevant but requires more in depth, studies on
their origin and functions. It cannot be excluded that both
mechanisms are contemporaneously operating in SLIT,
and under some circumstances they may synergise [50],
the predominance of one or the other depending on
several factors: the rate of sensitivity and of'the atopic
status of the subject, the type of allergen and its major
epitopes, the rate of absorption, the local dose reached at
tissue level, the contemporaneous activation of DC by
other pathogens, etc. These double potential mechanisms
could provide a convincing biological explanation for the
clinical efficacy of SLIT and may reconcile contradictory
results of the literature on this issue.
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