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Allergic rhinitis (AR) is a highly prevalent inflammatory dis-

ease affecting 10–40% of the global population (1, 2). The

cornerstones of AR treatment are allergen avoidance, symp-

tomatic pharmacotherapy, and allergen-specific immunother-

apy (allergen-SIT). SIT is recognized as an effective

therapeutic practice and recommended as an integrated part

of an allergy management strategy in the treatment of allergic

diseases especially in children (3).

Given the importance of T cells in the allergic response

and the demonstration that T regulatory (Treg) cells play a

crucial role in the modulation of the T-cell response in aller-

gic disease (4, 5), there has been increased interest in the

effect of SIT on the modulation of the Treg cells. In particu-

lar, the naturally occurring CD4+CD25+Foxp3+ Treg cells,

which possess high levels of CD25 and express FOXP3, a key

transcription factor required for development, maintenance,

and function of Treg cells (6, 7), and the inducible IL-10-

secreting type I T regulatory (Tr1) cells, which synthesize

high levels of IL-10 and TGF-b, but not IL-4, and are dis-

tinct from and modulate the activity of T helper (Th) 1 and

Th2 cells (5, 8, 9), have been greatly investigated in studies of

immune tolerance to allergens (10). It has been demonstrated

that the immune responses in healthy and allergic individuals

are characterized by a fine balance between allergen-specific

Tr1 and Th2 cells (5) or a higher IL-22 and IL-17 mRNA

levels (11) and that the frequencies of CD4+CD25+ Treg

cells and Tr1 cells are lower in peripheral blood from allergic

patients (5). Moreover, there is evidence that IL-10+
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Abstract

We investigated the effects of cluster specific immunotherapy (SIT) with Dermato-

phagoides pteronyssinus (Der p) on CD4+CD25+Foxp3+ Treg cells and IL-10-

secreting type I T regulatory (Tr1) cells in Der p-sensitized children with allergic

rhinitis (AR). We performed a prospective randomized study involving 46 children

(aged 8–13 yr), of whom 25 children received Der p-SIT + pharmacotherapy and

21 received only pharmacotherapy, over a period of 1 yr. Prior to and at end of

treatment, CD4+CD25+Foxp3+ Treg cells and allergen-specific IL-10+IL-4), IFN-

c+IL-4), and IL-4+IFN-c-CD4+ T cells were measured by flow cytometry. Simi-

larly, IL-4, IFN-c, and IL-10 in supernatants from allergen-stimulated peripheral

blood mononuclear cell (PBMC) cultures were measured by ELISA, and the sup-

pressive effect of CD4+CD25high T cells on cell proliferation and cytokine release

was estimated from both groups. Allergen-specific serum IgE and IgG4 were also

assessed at the beginning and end of treatment by RAST and ELISA, respectively.

The levels of allergen-specific Tr1 cells, IgG4, and allergen-induced IL-10 synthesis

from PBMC cultures were significantly increased after SIT for 1 yr compared with

baseline levels (p < 0.001 for all), with significant correlation between increased lev-

els of Tr1 cells and improvements in nasal symptoms (r = 0.48, p < 0.05). In con-

trast, the levels of CD4+CD25+Foxp3+ T cells, allergen-specific Th1 and Th2 cells,

the production of IL-4 and IFN-c, and the function of CD4+CD25high T cells were

not altered in either group at the end of treatment. These data suggest that the up-

regulation of Tr1 cells may play an important role in SIT and be a useful marker of

successful SIT in AR patients.
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CD4+CD25+ T cells may be induced by SIT (12, 13).

Although CD4+CD25+ Treg and Tr1 cells have been shown

to be distinct subsets (14), few studies have investigated dif-

ferent Treg cell subset responses to SIT. In view of these

data, we hypothesized that effective SIT induced Tr1 and/or

CD4+CD25+Foxp3+ Treg cell production and a shift from

a Th2 to a regulator/suppressor T-cell response in allergic

individual. The objective of our study was to investigate the

effects of cluster SIT with Dermatophagoides pteronyssinus

(Der p) on the incidence of Tr1 and CD4+CD25+Foxp3+

Treg cells in Der p-sensitized children with AR.

Methods

Patients

The study included 46 patients (aged 8–13 yr old) of Han

Chinese ethnic origin, recruited from the Department of Oto-

laryngology Head and Neck Surgery allergy outpatient clinic

at Beijing TongRen Hospital, Beijing, China. All patients

had a documented history of house dust mite (HDM)-

induced moderate to severe rhino-conjunctivitis for at least

3 yr and demonstrated a positive skin prick test result for

Der p, as indicated by a wheal diameter of at least 6 mm.

Furthermore, all patients demonstrated a positive test for

specific immunoglobulin E (IgE) to Der p, as indicated by a

RAST value of at least 0.7 kU/l. Patients with a history of

asthma or atopic dermatitis were excluded.

Study design

This was a 1-yr open-label parallel group study in which 25

(aged 9–13 yr) patients were randomized to receive SIT with

Der p extract (Alutard SQ; ALK-Abello, Hørsholm, Denmark)

in addition to standard pharmacotherapy and 21 (aged 8–

13 yr) patients randomized to receive standard pharmacother-

apy (control group). Blood samples were collected for analysis

of cell types, cytokines, allergen-specific serum IgE and IgG4,

and cell culture, at baseline prior to treatment and at the end of

the 1-yr treatment period and processed by investigators

blinded to the sample status (i.e., from SIT or control subjects).

Over the course of treatment, all patients recorded nasal symp-

tom severity and medication use (each administration or varia-

tion of the initial drug therapy) in daily diary cards.

The study was approved by the Ethics Committee of Beij-

ing Tongren Hospital, and written informed consent was

obtained from all subjects/guardians prior to entry into the

study. This study was registered with ClinicalTrials.gov (iden-

tifier number: NCT01291381).

Immunotherapy protocol

Children undergoing SIT were given Der p extract according

to a cluster protocol that we have described previously (15).

During the first 6 wk, each patient returned to the clinic at

weekly intervals, during which they underwent a routine

examination and received two injections 1 h apart with an

increasing dose every week, reaching the highest concentra-

tion with an allergenic activity of 100,000 SQ/ml (equivalent

to 9.8 lg/ml) Der p. After week 6, the children attended the

clinic at one monthly interval, during which they were

injected with the highest concentration of 100,000 SQ/ml Der

p for the rest of the treatment period (Table 1). Over the

course of the study, persistent rhinitis in all patients was

managed with intranasal steroids at a standard dose and oral

antihistamines as required.

Clinical evaluation

All patients rated the severity of the symptoms of rhinor-

rhoea, sneezing, nasal congestion, and nasal and ocular pruri-

tus on a 4-point scale of 0–3 (0 = none; 1 = slight;

2 = heavy; 3 = severe), which were added to provide Total

5 Symptom Score (T5SS).

Medication use was scored as described previously (16),

with arbitrary scores attributed to the drugs used (0.75 points

for one puff of nasal corticosteroids and 1 point for one tab-

let of antihistamine). Patients were instructed to use only

intranasal steroids and antihistamines were to be used addi-

tionally when there were no improvements in their symptoms.

Patients were also instructed to stop drugs at least 7 days

before blood sampling.

Assessment of T-cell subsets

Peripheral blood was obtained by venous puncture and

collected into preservative-free heparin. Peripheral blood

mononuclear cells (PBMCs) were isolated by means of

Ficoll-Plaque Plus density gradient centrifugation (Amersham

Biosciences, Piscataway, NJ, USA).

Peripheral blood mononuclear cells (2 · 106 cells/ml) were

stained at room temperature for 20 min with anti-CD4-

PerCP, anti-CD25-PE, or isotype control (mouse IgG1-PerCP

or IgG1-PE) (all from Beckman Coulter, Brea, CA, USA).

Following incubation, cells to be investigated for intracellular

Foxp3 were fixed with Foxp3 fixation/permeabilization buffer

Table 1 Cluster schedules of immunotherapy

Week

Cluster schedule

Visit Dose (SQ-U)

0 1 10

1 100

1 1000

1 2 2000

2 4000

2 3 5000

3 10,000

3 4 10,000

4 20,000

4 5 20,000

5 40,000

5 6 40,000

6 60,000

6 7 100,000
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1 ml and permeabilized with Foxp3 permeabilization buffer

1 ml, prior to incubation for 30 min at room temperature

with anti-human Foxp3-FITC or isotype control (IgG1-FITC)

(all from BioLegend, CA, USA). The stained cells were then

analyzed by flow cytometry for different T-cell subsets,

including (i) Th1 cells: IFN-c+IL-4)CD3+CD8) T cells, (ii)

Th2 cells: IL-4+IFN-c)CD3+CD8) T cells, and (iii) Tr1 cells:

IL-10+IL-4)CD3+CD8) T cells, by collecting at least

20,000 events/subset in the lymphocyte gate, using a FACS

Calibur flow cytometer (BD Biosciences, NJ, USA) (17). The

CD3+CD8) subset was considered to be equivalent to the

CD4+ subset, as a previous study demonstrated that the CD4

molecule rapidly down-modulates in response to PMA (18).

Assessment of cytokines

Intracellular and released cytokines were assessed in Der p1

(Dermatophagoides pteronyssinus major allergen 1, Endo-

toxin £ 0.03 EU/lg; Indoor Biotechnologies, Manchester,

UK)-stimulated PBMCs, by flow cytometry and ELISA,

respectively.

In the case of intracellular cytokines, PBMCs

(2 · 106 cells/ml) were incubated with 10 lg/ml Der p1 over

a period of 24 h at 37�C, during which 25 ng/ml phorbol 12-

myristate 13-acetate (PMA), 1 lg/ml ionomycin, and 1.7 lg/
ml monensine (all from Sigma, St. Louis, San Diego, MO,

USA) were added for the final 4 h of the incubation period.

At the end of incubation, the cells were washed with PBS

and then incubated with anti-CD3-APC and anti-CD8-PerCP

for 20 min at room temperature. At the end of incubation,

the cells were washed with PBS and fixed with 4% parafor-

maldehyde/PBS and permeabilized with FACS Permeabiliz-

ing Solution (BD Pharmingen, CA, USA). The permeabilized

cells were incubated for 30 min at room temperature with

anti-IL-4-PE plus anti-IFN-c-FITC, or anti-IL-10-PE plus

anti-IL-4-FITC, or a matched antibody with a respective iso-

type IgG1 as control (all from BD Pharmingen) and then

assessed by flow cytometry as mentioned earlier.

In the case of released cytokines, PBMCs of >90% viabil-

ity, as assessed by trypan blue staining, were resuspended at

2 · 106 cells/ml in RPMI-1640 medium and incubated with

10 lg/ml Der p1 for 6 days at 37�C in a humidified incubator

under a 5% CO2 in air atmosphere. At the end of incubation,

the supernatant from each culture was collected and frozen

at )20�C, until analysis for the presence of IFN-c, IL-4, and
IL-10, using commercial ELISA kits according to the sup-

plier’s instructions (R&D Systems, Minneapolis, MN, USA).

Allergen-specific serum antibodies analysis (specific IgE and

IgG4)

Serum samples were collected from each patient at baseline

and at the end of 1-yr treatment and stored at )20�C until

analysis. Der p-specific IgE was measured using the UniCAP

100 system (Pharmacia Diagnostics, Uppsala, Sweden), and

Der p-specific IgG4 was measured using commercial ELISA

kits according to the supplier’s instructions (ALK Laborato-

ries, Hørsholm, Denmark).

Isolation of CD4+CD25high T cells

Heparinized blood (30 ml) was obtained from SIT group

(n = 8) and controls group (n = 8) for cell isolation and

functional analysis. In this study, the isolation of

CD4+CD25high T cells was performed in a two-step proce-

dure using the CD4+CD25+ regulatory T-cell isolation kit

(Miltenyi Biotec, Bergisch Gladbach, Germany). CD4+ T

cells were purified from the PBMCs by negative selection (by

depletion of CD8, CD14, CD16, CD19, CD36, CD56, and

CD123 positive cells). The purified total CD4+ T-cell subset

[mean purity 95% (range = 93–97%)] was further incubated

with anti-CD25 Micro Beads (2-ll anti-CD25 beads/107 cells)

(19) and purified Foxp3+CD4+CD25high T cells [mean purity

76% (range = 72–88%)] isolated by positive selection.

Suppressive capacity of CD4+CD25high T cells

To evaluate the suppressive capacity of CD4+CD25high T cells,

cell proliferation and cytokines (IFN-c, IL-4, and IL-10) were

analyzed. CD4+CD25) T cells were cultured alone or as co-

cultures of CD4+CD25) T cells and CD4+CD25high T cells in

a ratio of 2:1, in 200 ll RPMI-1640 medium, containing

10 lg/ml Der p1. Autologous irradiated PBMCs (3000 rad)

were added at a concentration of 2 · 105 antigen-presenting

cells/culture, and all cultures were incubated for 6 days at

37�C in a humidified incubator under a 5% CO2 in air atmo-

sphere. Negative controls were included in triplicate by incu-

bating culture medium alone under the same culture

conditions on each occasion the experiment was conducted. At

the end of culture, 100 ll supernatant was removed for analy-

sis of specific cytokines, using ELISA kits (R&D Systems). Cell

proliferation of CD4+CD25) T cells was further assessed

according to the manufacturers’ protocols for WST-8 (modi-

fied tetrazolium salt) cell proliferation kit (Cell Counting Kit-

8; Dojin, Kumamoto, Japan) and the results expressed as

absorbance at 450 nm for the medium from each culture.

Statistics

Statistical significance between groups was analyzed using a

Mann–Whitney test. The significance of intra-group pre- and

post-therapy change was determined using the non-paramet-

ric Wilcoxon matched pairs test. The correlation coefficient r

was assessed using the Pearson correlation. All analyses were

performed using SPSS version 13.0 statistical software (SPSS

Inc. Chicago, IL, USA). A 5% significance level was used

(a = 0.05), power (1)b) equal to 90%. All tests were two-

tailed, and p-values of <0.05 were considered statistically

significant.

Results

Patient demographics

Overall 50 patients were recruited to the study; 25 random-

ized to SIT group and 25 to control group, of whom four

children in the control group (two boys, two girls) did not
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return for follow-up visits, and therefore, any data from these

patients were not included in the final analysis. The baseline

characteristics of the subjects who completed the study were

comparable in both treatment groups (Table 2).

Clinical efficacy of immunotherapy

The results for clinical efficacy of treatment based on T5SS

and medication use scores evaluated by the patients at the

beginning and over the course of the treatment period are

shown in Fig. 1. The symptom scores (T5SS) in both SIT-

treated and control patients at 3, 6, and 12 months were sig-

nificantly reduced from baseline (p < 0.05 for both), with no

significant difference between the two treatments at any time

point (Fig. 1a). In contrast, only medication use scores were

significantly decreased from baseline values at 3, 6, and

12 months of treatment in the SIT group (p < 0.05), with

significant differences noted between the two treatments at all

time points (p < 0.05) (Fig. 1b).

Frequency of CD4+CD25+Foxp3+ Treg cells in peripheral

blood

Figure 2 shows the number of CD4+CD25+Foxp3+ Treg

cells detected by flow cytometry in the peripheral blood of Der

p-sensitized children in SIT and control groups. Assessment of

the frequency of CD4+CD25+Foxp3+ Treg cells in CD4+ T

cells in the two treatment groups demonstrated that these were

not significantly different in the SIT and control groups and

not significantly altered from baseline levels in either treatment

group at the end of the 1-yr treatment period (Fig. 2b).

Frequencies of Tr1, Th1, and Th2 cells in peripheral blood

Figure 3a shows the CD3+CD8) cells (considered to be

equivalent to the CD4+ subset), Fig. 3b shows the Th1

(IFN-c+IL-4)) and the Th2 (IL-4+IFN-c)) cells, and Fig. 3c

shows the Tr1 (IL-10+IL-4) CD4+) cells, as detected by flow

cytometry. Comparison of the frequencies of these cell types

before and treatment for 1 yr with SIT or control therapy

indicated no significant changes in the frequencies of Th1

and Th2 in either group before or after treatment (Fig. 3d,e).

In contrast, Tr1 cells were significantly increased from base-

line in the SIT-treated group (p < 0.0001), with significant

difference between the treatment groups also note at the end

of treatment (Fig. 3f). Furthermore, the ratio of Tr1/Th2

cells was also significantly increased from baseline in the SIT

treatment group, but not in the control treatment group

(p < 0.001; Fig. 3g).

Correlation of nasal symptom score with the change of Tr1

cells

Assessment of any association between clinical severity and

number of Tr1 cells demonstrated that increased numbers of

Tr1 cells were significantly correlated with improved nasal

symptoms (i.e., decrease in T5SS) in SIT group by the end of

treatment for 1 yr (r = 0.48, p < 0.05, Fig. 4). There was no

Table 2 Demographic and clinical characteristics of study participants on baseline

SIT (n = 25) Controls (n = 21) p-value

Age (yr) 12 (9–13) 11 (8–13) 0.842*

Sex (male/female) 12/13 10/11 0.979�

Total IgE (KU/l) 187 (56–1024) 145 (73–1295) 0.553*

Specific IgE to Der p (KU/l) 5.7 (2.3–18) 4.2 (1.5–166) 0.483*

Specific IgG to Der p (AU/l) 2691 (568.5–5968) 2875 (656.2–4985) 0.494*

Nasal symptom score (T5SS) 9 (7–12) 10 (6–12) 0.423*

Der p, Dermatophagoides pteronyssinus; SIT, specific immunotherapy; T5SS, total 5 symptoms score. Data are median (range) or number of

patients. *Mann–Whitney U-test. �Chi-squared test.

(a)

(b)

Figure 1 Effect of treatment on (a) T5SS (b) and medication use

scores over the course of 1-yr treatment (*p < 0.05 vs. baseline;

SIT, allergen-specific immunotherapy; T5SS, total 5 symptoms

score).
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change in the number of Tr1 before and after treatment in

the control group; therefore, there was no association

between clinical severity and number of Tr1 cells in the con-

trol group (r = )0.19, p > 0.05).

Release of IL-10, IL-4, and IFN-c from Der p1-stimulated

PBMCs in culture

The levels of IFN-c and IL-4 released in comparable samples

(culture supernatants from the same patient, stimulated with

the same doses of allergen performed at baseline and 1 yr,

n = 10) were unchanged in both treatment groups after

treatment for 1 yr (Fig. 5a,b). By contrast, the levels of IL-10

were significantly increased in the SIT treatment group, but

not in the control group (Fig. 5c).

Changes of allergen-specific IgE and IgG4 after SIT

Assessment of allergen-specific serum IgE and IgG4 demon-

strated that the concentrations of allergen-specific IgE were

not significantly altered from baseline in either treatment

group after 1 yr (Fig. 6a). In contrast, the concentration of

IgG4 was significantly increased from baseline in the SIT-

treated, but not the control treatment group, after treatment

for 1 yr (p < 0.001; Fig. 6b).

Suppressive capacity of CD4+CD25high T cells after allergen

stimulation

The suppressive capacity of CD4+CD25high T cells on

responsive T cells was assessed in peripheral blood samples

collected from eight patients each in the SIT and control

groups before and after treatment for 1 yr. CD4+CD25high T

cells significantly suppressed Der p1-induced CD4+CD25) T-

cell proliferation and IFN-c synthesis in cells at baseline in

both SIT and control groups (Fig. 7a,b). In contrast, IL-4

(Fig. 7c) synthesis was not significantly suppressed by

CD4+CD25high T cells, and IL-10 (Fig. 7d) synthesis was not

changed at baseline in either SIT or control groups.

The suppressive effect of CD4+CD25high T cells on Der

p1-induced CD4+CD25) T-cell proliferation (Fig. 7a) or

IFN-c synthesis (Fig. 7b) was not significantly altered from

baseline after treatment for 1 yr in either treatment group.

And indeed IL-4 synthesis was not significantly suppressed

by CD4+CD25high T cells in both group (Fig. 7c), but IL-10

(Fig. 7d) synthesis was significantly increased in the SIT

group after 1-yr treatment.

Discussion

In this study of cluster allergen-SIT with Der p extract, we

found that the immunological changes involved in the effec-

tive desensitization of pediatric patients included a higher fre-

quency of allergen-specific Tr1 cells and increased production

of IL-10 and IgG4. The increase in allergen-specific Tr1 cells

correlated with the decline of clinical symptom scores over

the course of the study. However, SIT did not increase either

the frequency of CD4+CD25+Foxp3+ Treg cells or the sup-

pressive capacity of CD4+CD25high T cells.

Although previous studies have suggested an increase in

Treg cell response in asthmatic children receiving pollen- or

HDM-SIT, as indicated by an increase in CD4+CD25+ T

cells (12, 20), recent evidence suggests that CD25 is an activa-

tion marker of T lymphocytes and not a specific marker of

Treg cells (21). In contrast, Foxp3 has been shown to play a

key role in the development and function of Treg cells and is

therefore considered to be a more specific marker for Treg

cells (22). The finding in this study for the lack of any signifi-

cant change in circulating CD4+CD25+Foxp3+ Treg cells

following Der p-SIT in children with AR after 1 yr, however,

is in accordance with the findings of a recent SIT study of

HDM-SIT in HDM-allergic asthmatic children (23). Simi-

larly, in another study, Ajduk et al. (24) investigated the

CD4+ Treg cells (CD69 CD45RO+CTLA-4+ and

CD3+CD4+CD25+FOXP3+) in peripheral blood from 16

HDM-allergic asthmatic children following 1 yr of subcutane-

ous SIT. The authors demonstrated that despite improvements

in clinical variables; including symptom score, medication

(a) (b) (c)

Figure 2 Flow cytometric evaluation of CD4+CD25+Foxp3+ T cells. (a) Percentages of different cell subsets in total CD4+ T cells, with scat-

ter dots in the right upper quadrant representing CD4+CD25+Foxp3+ T cells in CD4+ T cells gate. (b) Percentage of CD4+CD25+Foxp3+ T cells

in CD4+ T cells from the SIT group (n = 25) and control group (n = 21) (horizontal lines represent means; ns, not significant; SIT, allergen-

specific immunotherapy).

Lou et al. Immunological responses to SIT in allergic rhinitis
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requirements, forced expiratory volume in 1 s, peak expira-

tory flow rate, and serum IgE levels, the percentage of

CD4+CD25+CD69)CD45RO+ Treg cells FOXP3+ Treg

cells did not change after 1 yr of immunotherapy. In con-

trast, Aslam et al. (25) demonstrated that wasp venom immu-

notherapy for 3–5 wk could induce Foxp3+ allergen-specific

T cells. Similarly, in another study, Radulovic et al. (26)

found that the numbers of Foxp3+CD25+CD3+cells were

increased in the nasal mucosa of grass pollen allergic patients

following grass pollen immunotherapy for 2 yr. These find-

ings raise the possibility that SIT may preferentially induce

CD4+CD25+Foxp3+ Treg cells in the local tissue, but not

in the peripheral blood. Nevertheless, there are limitations to

accurately evaluating the expression of Foxp3 in the suppres-

sive activity of Treg cells, and there is evidence that non-reg-

ulatory human CD4+ and CD8+ T cells can be induced to

transiently express Foxp3, but without suppressive activity

(27).

(a) (b) (c)

(d) (e)

(f) (g)

Figure 3 Flow cytometric analysis of intracellular cytokine-positive cells in PBMCs stimulated with Der p1 from 0 to 24 h and PMA plus ion-

omycin from 20 to 24 h. (a) CD3+CD8) T cells (i.e., CD4+ T cells, the scatter dots in the left upper quadrant) were gated in PBMCs. (b) left

upper quadrant: IL-4+ IFN-c)CD4+ T cells (Th2 cells); right lower quadrant: IFN-c+ IL-4)CD4+ T cells (Th1 cells). (c) left upper quadrant: IL-10+

IL-4)CD4+ T cells (Tr1 cells). Frequencies of allergen-specific Th1 (d), Th2 (e), and Tr1 (f) cells in CD4+ T cells in the SIT group (n = 25) and

control group (n = 21). (g) Ratios of Der p1-specific Tr1/Th2 cells. (Values in dot plots indicate percentages of different cell subsets in total

CD4+ T cells; horizontal lines represent means; ns, not significant; PBMCs, peripheral blood mononuclear cells; SIT, allergen-specific immu-

notherapy).
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The expression of Foxp3, however, is closely correlated

with the function of CD4+CD25+ T cells in mice and

CD4+CD25high T cells in humans (28). To further demon-

strate the role of CD4+CD25+Foxp3+ Treg cells in HDM-

SIT, we compared the suppressive capacity of

CD4+CD25high T cells obtained from patients in SIT and

control groups and demonstrated that SIT did not signifi-

cantly alter the function of CD4+CD25high T cells in

suppression of Th2 cells. This finding was further supported

by the demonstration that IL-10, which is known to be syn-

thesized by CD4+CD25+ T cells (29) and plays an important

role in the suppression of T-cell proliferation and cytokine

production (30), was not found to be increased in co-cultures

of CD4+CD25) T cells and CD4+CD25high T cells compared

with CD4+CD25) T cells alone, from SIT or control

patients, either at baseline or after treatment for 1 yr. How-

ever, we found that SIT induced IL-10 synthesis in co-

cultures of CD4+CD25) T cells and CD4+CD25high T cells

and CD4+CD25) T cells alone after 1-yr treatment com-

pared with baseline and control group. Our finding for the

lack of allergen-specific SIT on the suppressive function of

Figure 4 Correlation between Tr1 cells and clinical symptoms fol-

lowing SIT for 1 yr (r = 0.48, p < 0.05; SIT, allergen-specific immu-

notherapy).

(a) (b) (c)

Figure 5 Der p1-induced synthesis of (a) IFN-c, (b) IL-4, and (c) IL-10 in cultures of PBMCs obtained from SIT and control groups, at base-

line and after treatment for 1 yr (ns, not significant; PBMCs, peripheral blood mononuclear cells; SIT, allergen-specific immunotherapy).

(a) (b)

Figure 6 Allergen-specific serum IgE (a) and IgG4 (b) concentrations in SIT group (n = 25) and control group (n = 21) after treatment for

1 yr (ns, not significant; SIT, allergen-specific immunotherapy).
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CD4+CD25high T cells, however, is in accordance with the

finding of Smith et al. (31) who also found that cat allergen

peptide-SIT did not enhance the suppression of Th2 cells by

CD4+CD25+ T cells. Collectively, these results suggest that

CD4+CD25+Foxp3+ Treg cells in peripheral blood may

play a limited role in allergen-SIT. It is possible that aller-

gen-specific CD4+CD25+Foxp3+ Treg cells are recruited to

sites of local organs such as the nasal mucosa as for AR,

resulting in the subsequent change regarding the number or

function of CD4+CD25+Foxp3+ Treg cells may change in

the nasal mucosa.

In this study, the cytokine alterations were also detected in

culture supernatants of Der p1-stimulated PBMCs. We dem-

onstrated that IL-10 was significantly increased, but the levels

of IL-4 and IFN-c were unchanged after 1-yr SIT. This result

supports the suggestion that a switch toward an IL-10-secret-

ing Tr1 cell response may occur during SIT, as cells suppress

effective T cells in an IL-10-dependent manner (8). Unfortu-

nately, it was not possible to specifically assess the suppres-

sive activity of IL-10 in Der p1-stimulated cultures blocked

for IL-10 activity in this study, because of difficulties in

collecting blood samples of sufficient size from each child.

However, we have recently investigated the suppressive effect

of IL-10-secreting cells in adult patients with AR, by assess-

ing cell proliferation and synthesis of IL-4 and IFNc in par-

allel Der p1-stimulated cultures of PBMCs and PBMCs

depleted of IL-10- producing cells (17). This study that

PBMCs depleted of IL-10-secreting T cells displayed

enhanced proliferation and IL-4 and IFN-c compared with

un-depleted PBMCs.

Previous studies, however, have reported inconsistent

results in the cytokine profiles secreted by allergen-stimulated

PBMCs. Dehlink et al. (32) reported that levels of IL-4, IFN-

c, and IL-10 secreted by allergen-specific PBMCs after

12 days of culture did not change significantly after 8 wk of

SIT in children. In contrast, Cosmi et al. (33) demonstrated

that Der p1-driven IFN-c and IL-10, but not IL-4, were sig-

nificantly increased in cultured PBMCs from patients treated

for 6 months, in comparison with those detected at the begin-

ning of SIT. Differences in the cytokine profiles may relate to

allergens, duration of SIT, age of patient, method of adminis-

tration, as well as to the type and status of atopic disease.

(a)

(c) (d)

(b)

Figure 7 Effect of CD4+CD25high T cells on Der p1-induced (a) CD4+CD25) T-cell proliferation, (b) IFN-c synthesis, (c) IL-4 synthesis, and (d)

IL-10 synthesis at baseline and before and after treatment for 1 yr in SIT group and control group (*p < 0.05,**p < 0.001; ns, not significant;

SIT, allergen-specific immunotherapy).
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However, from this study, we can conclude that the immune

response in Der p-SIT children is skewed toward a suppres-

sor cell response.

A previous study demonstrated that in healthy individuals,

Tr1 cells represented the dominant subset for common envi-

ronmental allergens, whereas a high frequency of allergen-

specific IL-4-secreting T cells (Th2-like) was found in allergic

individuals (5). Thus, a change in the dominant subset might

lead to the recovery of allergy. In this study, although no sig-

nificant alteration in CD4+CD25+Foxp3+Treg cells was evi-

dent, an obvious increase in Der p1-specific Tr1 cells was

found in the SIT children. In addition, an increase in Tr1

cells was correlated with the decline of clinical symptom

scores during 1-yr SIT. Our data thus suggest that SIT may

preferentially result in an allergen-specific Treg cell response

characterized by an increased number of Tr1 cells, but not

CD4+CD25+Foxp3+Treg cells; which is in line with our

previous finding of a deficiency of allergen-specific Tr1 cells

in AR patients (17). Although the early induction of allergen-

specific IL-10-secreting cells after 3 months of SIT (induction

phase) has been reported (13, 34), data on their persistence

during the maintenance phase are rare. Möbs et al. (35)

reported that Bet v-1-specific Tr1 cells increased continuously

from the end of the induction phase throughout the first year

of SIT compared with pretreatment values in adult patients

allergic to birch pollen. The results are consistent with our

study, despite the different methods were used in the two

studies: the frequency of Tr1 cells was analyzed by ELISPOT

assay in Möbs’ study (35), whereas flow cytometry was used

in this study. Thus, the level of Tr1 cells in peripheral blood

might be considered a marker of successful SIT in the future.

In contrast to other studies reporting a decrease in allergen-

specific Th2 cells after SIT (36), our study has demonstrated

that the frequency of Th2 cells was similar in both the SIT

and untreated groups. On the other hand, the Der p1-specific

Tr1/Th2 cell ratio was increased significantly in the SIT group,

likely because of increased number of IL-10+ cells. This find-

ing suggests that the balance between allergen-specific Th2

cells and Tr1 cells, rather than the absolute number of Th2

cells, may be critical for the development of allergen tolerance

(5). This finding, however, is consistent with the findings of

Meiler et al. (37), who demonstrated that in vivo venom anti-

gen-specific Th1 and Th2 cells show a switch toward IL-10-

secreting Tr1 cells in beekeepers after multiple bee stings.

It has been shown that IL-10 can regulate specific isotype

formation and skews the specific response from an IgE to an

IgG4 dominated phenotype (38). This study demonstrated

that SIT increased IgG4 production, but without a concur-

rent decrease in IgE levels. This is in accordance with the

findings of Jutel et al. (13), who reported that HDM-SIT did

not change specific IgE levels after 70 days of treatment, but

significantly increased specific IgG4. Indeed, in one study,

Akdis and Akdis (22) showed that SIT frequently induced a

transient increase in serum-specific IgE, followed by a grad-

ual decease over a period of months or years of treatment.

IgG4 is thought to capture the allergen before reaching the

effector cell-bound IgE, and thus, increased IgG4 prevents

the activation of mast cells and basophils (39) and attenuates

the AR symptoms.

In conclusion, our data demonstrate that 1 yr of cluster

SIT with Der p does not increase the frequency of

CD4+CD25+Foxp3+ Treg cells or enhance the suppressive

capacity of CD4+CD25high T cells. However, it does increase

the frequency of Tr1 cells and the production of IL-10 in

PBMCs, with a simultaneous increase in IgG4 production,

which play a mainly role in attenuating AR symptoms. In

addition, the ratio of Tr1/Th2 cells is also increased as a con-

sequence of increased number of Tr1 cells. Moreover, the

increase in allergen-specific Tr1 cells is correlated with

decreased clinical symptoms scores over the course of treat-

ment. In this respect, this study is somewhat limited in that

all immunological analyses could not be performed similarly

in a time dependent manner over the course of treatment,

primarily because of ethical aspects and disagreement on the

part of children/guardians to be subjected to a multiple blood

sampling protocol. Despite this limitation, collectively our

findings suggest that an increased level of peripheral blood

Tr1 cells might be a useful and valid marker of successful

SIT in subjects with AR.
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