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Abstract
Background Allergen-specific immunotherapy (ASIT) is the main treatment for inducing long-term immunological and

clinical tolerance in patients with IgE-mediated allergic diseases. Recent open-label and controlled studies on the effi-

cacy of ASIT in patients with atopic dermatitis (AD) have provided promising results. However, data about possible rela-

tionship between the improvement of clinical symptoms and changes of serum cytokines are limited.

Methods Seventy-nine patients with moderate to severe AD sensitized to house dust mite (HDM) were enrolled. Fifty-

eight patients were treated with ASIT and 11 controls received only symptomatic treatment. The disease activity in AD

patients was evaluated by using the patient-oriented eczema measure (POEM) system. Serum interleukin (IL)-4, IL-10,

interferon (IFN)-c, transforming growth factor (TGF) b1, total IgE, HDM-specific IgE (s-IgE) and HDM-specific IgG4 (s-

IgG4) were measured before and after 2 years of therapy.

Results The mean patient-oriented eczema measure system (POEM) score of AD patients with ASIT significantly

decreased after 2 years of treatment, compared to that in patients without ASIT. After ASIT, the serum levels of

IL-10, TGF-b1, IFN-c and s-IgG4 increased, while the level of IL-4 decreased. The change in the POEM score was

negatively correlated with changes of serum concentration of TGF-b1, s-IgG4 and IFN-c. Furthermore, s-IgG4 levels

were positively correlated with changes in the IL-10 levels. No correlation between POEM score and serum IL-10 or

IL-4 was observed.

Conclusion Clinical symptoms and the quality of life of AD with HDM sensitization could be improved after 2 years of

ASIT. Changes in serum IL-10, TGF-b1, s-IgG4 and IFN-cmight be considered as biomarkers to assist clinical evaluation

of the therapeutic effects of ASIT in patients with AD.
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Introduction
Atopic dermatitis (AD) is a common chronic relapsing inflam-

matory disease, affecting up to 25% of children and 3% of adults

worldwide.1 Complex relationships between skin barrier and

immune abnormalities have been implicated in the pathogenesis

of AD. AD can be categorized into extrinsic and intrinsic types,

separated on basis of the level of serum IgE and number of

eosinophils. Patients with extrinsic AD, often have elevated

serum levels of total IgE (t-IgE) and specific IgE (s-IgE) directed

to common allergens, mainly aeroallergens and food allergens.

The levels of IgE have been shown to be correlated with disease

severity.2 The involvement of allergens in inducing and promot-

ing allergic inflammation has been well established through the

use of atopy patch test and in clinical practice.3 Avoidance of†The first and the second author contribute equally to this work.
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related allergens can result in marked improvement of skin

lesions.

For more than a century, allergen-specific immunotherapy

(ASIT) is the only aetiological therapy that can induce long-term

immunological and clinical tolerance of IgE-mediated allergic

diseases,4–6 as shown in asthma and insect venom allergy.7–9 This

kind of therapy shows positive results in terms of safety and

efficacy. The basic principle of ASIT is to induce immune toler-

ance to specific allergens by repeated administration of increasing

doses of the causative allergen. Although AD, like rhinitis and

asthma, belongs to the class of atopic diseases, the clinical signifi-

cance of application of ASIT for AD patients has been controver-

sial for a long time. Debates may have arisen from the difference

in allergen type, immunotherapy schedule, duration, method for

evaluation of clinical efficacy and environment control.

Interestingly, several controlled and open-label studies on

ASIT have recently been conducted in AD patients with sensiti-

zation to dust mite or pollen, and promising results have been

obtained3,10,11 that the combined treatment with symptomatic

medication and ASIT can be considered as a promising thera-

peutic approach for patients with extrinsic AD. Studies on ASIT

for AD that have only confirmed positive clinical outcomes were

mainly focused on improvement of clinical severity and safety, a

few clinical studies on ASIT have investigated the serum expres-

sion levels of cytokines such as IL-4,IL-10 and some chemokines.

These studies have reported obvious changes in the expression

of these cytokines after therapy.12 However, reliable parameters

for predicting the efficacy of ASIT have not yet been identified.

The patient-oriented eczema measure system (POEM) is a

standardized method to quantify the severity of AD and the

extent of skin lesions, by using a simple 5-point scale rating the

frequency and severity of events during the previous week.9,13,14

Compared with the Severity Scoring of Atopic Dermatitis (SCO-

RAD), the POEM scoring system is easy to perform by the

patients themselves, and allows patients to be more actively

involved in disease management.15,16 Thus, it can more accu-

rately reflect the processes involved in development of the dis-

ease.

Subjects and methods

Patients
From January 2007 to January 2011, 79 AD patients from the

department of dermatology of Southwest Hospital, were pro-

spectively enrolled in the study. All enrolled patients fulfilled the

diagnostic criteria of Hanfin and Rajka, with moderate to severe

disease severity (POEM value >7), specific IgE to house dust

mite (HDM) > 3.5 KU/L (Thermo Fisher, Waltham, MA, USA)

and with a positive skin prick test to HDM. Patients with active

asthma, severe systemic diseases or under systemic immunosup-

pressive therapy, pregnant or lactating women were excluded.

All patients signed an informed consent form before start of the

study. The study was approved by the Ethics Committee of the

Southwest Hospital (SWH2005A020).

Treatment and follow-up
Before the start of clinical study, patients were stratified into the

experimental group (58 cases) and the control group (21 cases).

Patients in the experimental group received ASIT and symptom-

atic treatment when needed, including anti-inflammatory ther-

apy based on topical glucocorticosteroids and topical calcineurin

inhibitors and oral cetirizine. Such symptomatic treatments were

stopped or tapered down once visible lesions were cleared.

Patients in the control group were given only symptomatic treat-

ment.

Allergen-specific immunotherapy was performed by

repeated subcutaneous injections of dust mite therapeutic vac-

cines (Allergovit, Reinbek, Germany). This was usually started

at the end of spring as during this season patients are less

symptomatic. The procedure was subdivided into a build-up

phase of 4–6 months followed by a maintenance treatment

period of up to 2 years. The initial build-up period consisted

of weekly administrations of gradually increasing doses until

the recommended maintenance dose was reached. The mainte-

nance dose was administered at 6–8 week intervals for a total

therapy time of 24 months. The skin condition and use of

drugs were documented by doctors and patients, and patient

serum samples were collected for assessment of disease activity

before and after treatment.

In the ASIT group, three patients were excluded due to loss in

the follow-up, and one patient was withdrawn due to generalized

eczema during the initial build-up phase. Serum cytokines could

be measured in 34 patients and immunoglobulins in 17 of them.

Samples were taken at the start of the study and after 2 years of

ASIT (Fig. 1). No systemic anaphylaxis was observed during the

study. Local reactions were recorded in five patients. In the con-

trol group, one patient was lost.

Outcome measures
The main outcome measures include the clinical scores and the

levels of serum cytokines. Disease severity was quantified using

the POEM system, making use of a questionnaire17 before the

study, and at 1 and 2 years after start of treatment.

Serum t-IgE, HDM s-IgE and allergen-specific immunoglob-

ulin G4 (s-IgG4) were analysed using the ImmunoCAP system

(Thermo Fisher). The serum levels of IL-4, IL-10, IFN-c and

TGF-b1 were detected by ELISA, according to the manufac-

turer’s instructions (Dakewe, Peking, China). The changes in

parameter values were calculated in percentages by the formula:

(pre-ASIT value � post-ASIT value)/pre-ASIT value 9 100%.

Statistical analysis
Results of the clinical assessment were expressed as mean � SD.

Data were compared using a paired t test. The relationships
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between variables were calculated by the Mann–Whitney U-test.

P < 0.05 were considered statistically significant.

Results

Clinical profiles of patients with AD
A total of 69 patients were enrolled in this study. All patients

never received any form of desensitization before this study. In

the ASIT group, 54 patients completed the whole survey, and 10

in the control group. No significant differences were found in

the demographic characteristics between the two groups, as

shown in Table 1.

The mean POEM score decreased significantly after
2 years of ASIT
Compared with the control group, the mean POEM score in

patients with SIT decreased after 2 years of ASIT (Fig. 2), which

indicated a positive influence of ASIT on the clinical symptoms

and the quality of life. After the therapy, episodes of eczema

flare-up significantly decreased in the ASIT group, and improve-

ment of symptoms related to rhinitis and asthma were also

observed (data not shown).

Changes in serum cytokine levels and the correlation with
clinical improvement
Previous studies have shown that the levels of serum cytokines

might change with the course of allergic disease,18 but it is not

clear which cytokine was associated with improvement of disease

during ASIT. In present study, after 2 years of ASIT, levels of

serum TGF-b1, IFN-c, IL-10 increased and IL-4 decreased

significantly (Fig. 3). Furthermore, correlations between the

Assess for research (n = 79)

without  ASIT (n = 21)

POEM score, serum cytokine analysis
(n = 18)

Reason for Exclusion:
Lost to follow-up (n = 1)
POEM score only  (n = 2)

POEM score, serum cytokine analysis 
(n = 34)

Reason for Exclusion:
General eczema (n = 1)
Lost to follow-up (n = 3)
POEM score only (n = 20) 

POEM, IgG4 and serum cytokines 
analysis (n = 14)

Reason for Exclusion:
Lack of IgG4 analysis (n = 4)

POEM, IgG4 and serum cytokines 
analysis (n = 17)

Reason for Exclusion:
Lack of IgG4 analysis (n = 17)

with ASIT (n = 58)

ITT Population

Figure 1 Study design and progress flow
chart. Seventy-nine patients with atopic
dermatitis (AD) were enrolled in this study.
The sera of patients were collected and the
disease activity was evaluated before and
after 2 years in patients with or without
allergen-specific immunotherapy.

Table 1 Clinical and laboratory characteristics of the patients

Characteristic With ASIT Without ASIT

Age (years) 12.52 � 6.73 (5–35) 10.61 � 4.96 (6–19)

Gender (F/M) 26/32 8/13

Diagnosis (n, %)

AD only 43 (79.63) 16 (76.19)

Concurrent rhinitis 5 (9.26) 1 (4.76)*

Concurrent asthma 4 (7.41) 2 (9.52)

Concurrent chronic
urticaria

2 (3.7) 0*

HDM s-IgE (kU/L) 75.76 � 38.12 72.21 � 32.07

t-IgE (kU/L) 1970.44 � 1651.73 1736.59 � 1515.32

*P<0.05.
AD, atopic dermatitis; ASIT, allergen-specific immunotherapy; HDM,
house dust mite.

Figure 2 The mean patient-oriented eczema measure (POEM)
score of atopic dermatitis (AD) patients. The POEM score signifi-
cantly decreased after 2 years of ASIT from 18.81 � 5.80 to
8.09 � 7.39, as compared with that before ASIT (n = 54,
P < 0.0001). *P > 0.01, ≤ 0.05; **P > 0.001, ≤ 0.01; ***P ≤ 0.001.
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change in POEM score and changes in serum cytokine levels

were also analysed. As shown in Fig. 4a,b, the changes in TGF-

b1 and IFN-c were found to be negatively correlated with the

change in the POEM score. In contrast, there was no obvious

correlation between the POEM score and changes in IL-10 and

IL-4 (Fig. 4c,d).

Changes in serum s-IgG4 and IgE and the correlation with
clinical improvement
After 2 years of ASIT, the serum levels of s-IgG4 directed to

HDM in AD patients significantly increased compared to the

group without ASIT (Fig. 5a). The change in s-IgG4 levels was

negatively correlated with the change in the POEM score, but

positively with IL-10 (Fig. 5c). There was no significant change

of the serum t-IgE or s-IgE levels (Fig. 5d,e), neither a change in

the POEM score or serum IgE (data not shown) has been

observed.

Correlation of serum cytokine expression with degree of
clinical improvement
In order to check if the changes in cytokine levels were correlated

with different responses to ASIT, we stratified the patients into

three subgroups according to the degree of changes in POEM

scores. Five patients with change of POEM < 30% were labelled as

the group with less effect. Eleven patients with change of POEM

>30% but <60% were labelled as the improved group. Eighteen

patients with change of POEM >60% were labelled as the mark-

edly improved group. As shown in Fig. 6, s-IgG4, IFN-c, TGF-b1
levels increased more in both the markedly improved group and

in the improved group. A similar but inverse change was found

for IL-4 levels. Meanwhile, there was no difference in the gender

and immunologic markers before ASIT between all groups.

Discussion
Atopic dermatitis is a chronic inflammatory disease character-

ized by the expansion of IL-4-secreting Th2 cells with decreased

IFN-c synthesis. However, current treatments for AD are mostly

limited to the control and reduction of the symptoms, and sup-

pression of inflammatory reactions. Although ASIT is the only

aetiological treatment that can induce long-term immunological

and clinical tolerance in IgE-mediated allergic diseases,4,5,19–21

its value in the treatment of AD need further investigation. Up

to now, there are more than twenty controlled and uncontrolled

studies in the literature addressing the effect of ASIT in AD.

Most of them confirmed the effectiveness of ASIT in the relief of

AD clinical burden. However, there is only limited information

on the immunological changes in AD patients at the cellular and

molecular levels,3,10,22 or the relationships between the immuno-

logical changes and disease activity.21

Predictors for a successful response to ASIT, especially in

patients with AD, remain incompletely clarified. Many studies

have demonstrated the induction of s-IgG4 as the most signifi-

cant and long-lasting immunoreaction after ASIT.23 However,

the actual role of s-IgG4 in the efficacy of ASIT for AD patients

is inconclusive, because its association with clinical improve-

ment could not be confirmed in a number of studies.15–17 To

check the long-term clinical effects of ASIT and to find possible

parameters which may be useful for the prediction of therapeutic

efficacy of ASIT, we conducted a prospective study to evaluate

the clinical and laboratory changes in moderate to severe AD

patients with sensitization to house dust mite (HDM) undergo-

ing 2 years of mite-specific immunotherapy.

Our result is in accordance with previous reports which

showed s-IgG4 could be induced during ASIT.21,24 Moreover,

the change in serum s-IgG4 expression was negatively correlated

(a) (b)

(c) (d)

Figure 3 Change in serum cytokines of
patients with atopic dermatitis (AD) before
and after 2 years of therapy. Serum
cytokines of patients in allergen-specific
immunotherapy (ASIT) and control groups
were measured by ELISA. Changes of TGF-
b1 (75070.05 � 22338.53 pg/ml to
88475.62 � 17987.17 pg/mL, P = 0.0131,
(a), IL-4 (7.85 � 9.36 pg/mL to
4.01 � 3.99 pg/mL, P < 0.0001, (b), IFN-c
(11.56 � 3.81 pg/mL to 15.62 � 8.46 pg/
mL, P = 0.0426, (c) and IL-10
(10.98 � 3.77 pg/mL to 16.73 � 12.35 pg/
mL, P = 0.0076, (d), before and after ASIT,
are shown, respectively. *P > 0.01, ≤0.05;
**P > 0.001, ≤0.01; ***P ≤ 0.001.
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with the POEM score, before and after ASIT, implying that

serum s-IgG4 can be taken as an indicator of clinical effect of

ASIT, at least in patients with moderate to severe AD.

Interleukin-4 is produced by CD4+ T cells specialized in pro-

viding help to B cells to proliferate and induce isotype switching

to IgE. It also exerts an important effect on eosinophil chemo-

taxis by up-regulating CCL-26 expression.25 Previous studies

focusing on allergic respiratory diseases demonstrated that the

immune response during ASIT is characterized by increased

serum levels of IL-10 and TGF-b1, which can suppress prolifera-

tion of T cells and secretion of both Th1 and Th2 type cytokines.

Although we observed that the level of IL-4 decreased after ASIT,

we were not able to find any relationship between it and the

POEM score. On the other hand, it should be noted that the

level of serum IFN-c was not only increased after ASIT, but also

showed a slightly inverse correlation with the POEM score.

Thus, the increase of IFN-c, a potent inhibitor of IL-4-induced

responses, also reflects the reduction of allergic inflammation in

certain patients.

The induction of peripheral T-cell tolerance is mainly charac-

terized by the generation of allergen-specific regulatory T cells

(Tregs) during ASIT.19,20,26,27 Tolerance for the target allergen

can be induced through ASIT by the involvement of Tregs and

immunosuppressive cytokines.27 Interleukin-10, a suppressive

(a) (b)

(c) (d)

Figure 4 Correlation between POEM
scores and serum cytokine levels in atopic
dermatitis (AD) patients on allergen-specific
immunotherapy (ASIT). Serum levels were
determined using ELISA (n = 34). Linear
regression analysis was performed to
determine the correlation between change in
POEM score and changes in TGF-b1 (a) and
IFN-c (b). No obvious correlation was found
between the POEM score and changes in
IL-10 and IL-4 (c and d).
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Figure 5 Serum s-IgG4 and IgE levels
before and after 2 years of therapy. Serum
levels of s-IgG4 against house dust mite
(HDM) were significantly increased from
0.33 � 0.28 Au/mL to 1.80 � 0.86 Au/mL,
P = 0.0053 after 2 years of ASIT (a) and
positively correlated with the POEM score
(r = 0.710, P = 0.0014) (b) and serum IL-10
(r = 0.498, P = 0.042) (c). There were no
significant changes found in the serum
levels of t-IgE and s-IgE (d, e) in both
groups. *P > 0.01, ≤0.05; **P > 0.001,
≤0.01; ***P ≤ 0.001.
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chemokine produced by Treg cells, could play an important role

in the release of s-IgG4 and may exert potent suppressive effects

on the production of s-IgE.28 In this study, we found that serum

IL-10 was significantly increased after 2 years of ASIT, which

was in line with other studies showing that HDM and grass pol-

len immunotherapy could not only induce IL-10 production,

but also suppress clinical symptoms of asthma and AD.27,29

Although no correlation between IL-10 expression and POEM

score could be demonstrated, the change of s-IgG4 was posi-

tively correlated with serum IL-10 levels after ASIT.

Transforming growth factor-b1 is another immunosuppres-

sive cytokine affecting the proliferation, differentiation and

apoptosis of T cells.30–32 Some reports showed that TGF-b1 and

IL-10 can cooperate in the regulation of T-cell responses to

mucosal allergens in normal immunity and specific immunother-

apy.27 Our data also demonstrated an increase of serum TGF-b1
after 2 years of ASIT and its change was negatively correlated

with changes in the POEM score. All these results indicate that of

the expression levels IL-10 and TGF-b1 can be used as a potential

predictor for the effectiveness of ASIT in patients with AD.

In order to reduce the possible influence of multiple sensitiza-

tions on clinical effects, only patients with single sensitization to

HDM were enrolled in this study. In line with previous

reports,32,33 we did not find any correlation between the levels of

IgE and cytokine concentrations. In addition, there is no relation-

ship between the serum IgE and the POEM score. The exact

mechanism for the lack of changes in IgE concentrations after

ASIT remains unclear. One of the possible explanations is the

very long lifespan of plasma cells residing in the bone marrow

that continue to produce IgE.34 Furthermore, as patients with AD

often show multiple sensitizations in clinical practice, the identi-

fication of a single allergen, even with an elevation of s-IgE,

cannot be used to explain the clinical relevance in a single patient.

To our best knowledge, this is the first long-term study on the

effect of ASIT in a Chinese population with AD. Our results

confirmed that ASIT can result in clinical improvement and

changes of serum cytokines with good tolerance in AD patients.

Although we present some clues in this manuscript, further

examination is necessary to elucidate the exact molecular mecha-

nisms of ASIT in patients with AD.
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Conclusions
Our results support the concept that ASIT can be considered as

an effective option for patients with AD sensitized to HDM. The

changes in serum IL-10 and TGF-b1, together with s-IgG4 and

IFN-c, may be useful for the prediction of the clinical effective-

ness of ASIT.

Acknowledgements
This work was supported by the National Natural Science Foun-

dation of China (No. 81072447). The authors thank Mrs. Xiuy-

ing Huang, Mrs. Xiaofang Zhou and Prof. Baiyu Zhong for

technical support in skin prick testing and serum IgG4 and IgE

detection.

References
1 Novak N, Simon D. Atopic dermatitis – from new pathophysiologic

insights to individualized therapy. Allergy 2011; 66: 830–839.
2 Katoh N, Hirano S, Kishimoto S. Prognostic factor of adult patients with

atopic dermatitis. J Dermatol 2008; 35: 477–483.
3 Darsow U, Forer I, Ring J. Allergen-specific immunotherapy in atopic

eczema. Curr Allergy Asthma Rep 2011; 11: 277–283.
4 Galli SJ, Tsai M, Piliponsky AM. The development of allergic inflamma-

tion. Nature 2008; 24: 454.

5 James LK, Shamji MH, Walker SM et al. Long-term tolerance after aller-

gen immunotherapy is accompanied by selective persistence of blocking

antibodies. J Allergy Clin Immunol 2011; 127: 509–516.
6 Bae JM, Choi YY, Park CO, Chung KY, Lee KH. Efficacy of allergen-

specific immunotherapy for atopic dermatitis: a systematic review and

meta-analysis of randomized controlled trials. J Allergy Clin Immunol

2013; 132: 110–117.
7 Kleine-Tebbe J, Bufe A, Ebner C et al. Specific immunotherapy (hyposen-

sitization) for IgE-mediated allergic diseases. Allergologie 2010; 33: 3.

8 Canonica GW, Baena-Cagnani CE, Bousquet J et al. Recommendations

for standardization of clinical trials with allergen specific immunotherapy

for respiratory allergy. Allergy 2007; 62: 317–324.
9 Madsen F. EAACI ‘Standards for practical allergen-specific immunother-

apy’. Allergy 2007; 62: 332.

10 Bussmann C, Maintz L, Hart J et al. Clinical improvement and immuno-

logical changes in atopic dermatitis patients undergoing subcutaneous

immunotherapy with a house dust mite allergoid: a pilot study. Clin Exp

Allergy 2007; 37: 1277–1285.
11 Stelmach I, Soboci�nska A, Majak P, Smejda K, Jerzy�nska J, Stelmach W.

Comparison of the long-term efficacy of 3- and 5-year house dust

mite allergen immunotherapy. Ann Allergy Asthma Immunol 2012; 109:

274–278.
12 Soumelis V, Reche PA, Kanzler H et al. Human epithelial cells trigger

dendritic cell mediated allergic inflammation by producing TSLP. Nat

Immunol 2002; 3: 673–680.
13 Schram ME, Spuls PI, Leeflang MM, Lindeboom R, Bos JD, Schmitt J.

EASI, (objective) SCORAD and POEM for atopic eczema: responsiveness

and minimal clinically important difference. Allergy 2012; 67: 99–106.
14 Charman CR, Venn AJ, Williams HC. The patient-oriented eczema mea-

sure development and initial validation of a new tool for measuring. Arch

Dermatol 2004; 140: 1513–1519.
15 Akdis CA, Akdis M. Mechanisms of allergen-specific immunotherapy. J

Allergy Clin Immunol 2011; 127(18–27): 28–29.
16 Piconi S, Trabattoni D, Rainone V et al. Immunological effects of sublin-

gual immunotherapy: clinical efficacy is associated with modulation of

programmed cell death ligand 1, IL-10, and IgG4. J Immunol 2010; 185:

7723–7730.

17 Scadding GW, Shamji MH, Jacobson MR et al. Sublingual grass pollen

immunotherapy is associated with increases in sublingual Foxp3-express-

ing cells and elevated allergen-specific immunoglobulin G4, immunoglob-

ulin A and serum inhibitory activity for immunoglobulin E-facilitated

allergen binding to B cells. Clin Exp Allergy 2010; 40: 598–606.
18 Katagiri K, Arakawa S, Hatano Y. In vivo levels of IL-4, IL-10, TGF-beta1

and IFN-gamma mRNA of the peripheral blood mononuclear cells in

patients with alopecia areata in comparison to those in patients with ato-

pic dermatitis. Arch Dermatol Res 2007; 298: 397–401.
19 Pacor ML, Biasi D, Maleknia T. The efficacy of long-term specific immu-

notherapy for Dermatophagoides pteronyssinus in patientwith atopic der-

matitis. Recenti Prog Med 1994; 85: 273–277.
20 Seidenari S, Mosca M, Taglietti M, Manco S, Nume G. Specific hyposensi-

tization in atopic dermatitis. Dermatologica 1986; 172: 229.

21 Werfel T, Breuer K, Ru�eff F et al. Usefulness of specific immunotherapy

in patients with atopic dermatitis and allergic sensitization to house dust

mites: a multi-centre, randomized, dose-response study. Allergy 2006; 61:

202–205.
22 Novak N. Allergen specific immunotherapy for atopic dermatitis. Curr

Opin Allergy Clin Immunol 2007; 7: 542–546.
23 Aalberse RC, van der Gaag R, van Leeuwen J. Serologic aspects of IgG4

antibodies. I. Prolonged immunization results in an IgG4-restricted

response. J Immunol 1983; 130: 722–726.
24 James LK, Bowen H, Calvert RA et al. Allergen specificity of IgG-express-

ing B cells in patients with grass pollen allergy undergoing immunother-

apy. J Allergy Clin Immunol 2012; 130: 663–670.
25 Bao L, Shi VY, Chan LS. IL-4 regulates chemokine CCL26 in keratinocytes

through the Jak1, 2/Stat6 signal transduction pathway: Implication for

atopic dermatitis. Mol Immunol 2012; 50: 91–97.
26 Akdis CA, Blesken T, Akdis M, W€uthrich B, Blaser K. Role of

interleukin 10 in specific immunotherapy. J Clin Invest 1998; 102:

98–106.
27 Jutel M, Akdis M, Budak F et al. IL-10 and TGF-beta cooperate in the

regulatory T cell response to mucosal allergens in normal immunity and

specific immunotherapy. Eur J Immunol 2003; 33: 1205–1214.
28 Mart�ın-Mu~noz MF, Pineda F, Mui~nos T, Fontan M, Nevot S, Bosque M

et al. Changes in IL--10 and specific antibodies associated to successful

Dermatophagoides pteronyssinus immunotherapy in children during the

first year of treatment. Allergol Immunopathol (Madr). 2013; 41(1): 4–
10.

29 Nouri-Aria KT, Wachholz PA, Francis JN et al. Grass pollen immuno-

therapy induces mucosal and peripheral IL-10 responses and blocking

IgG activity. J Immunol 2004; 172: 3252–3259.
30 Schmitt E, Hoehn P, Huels C et al. T helper type 1 development of naive

CD4+ T cells requires the coordinate action of interleukin-12 and

interferon-gamma and is inhibited by transforming growth factor-beta.

Eur J Immunol 1994; 24: 793–798.
31 Nagelkerken L, Gollob KJ, Tielemans M, Coffman RL. Role of

transforming growth factor-beta in the preferential induction of T helper

cells of type 1 by staphylococcal enterotoxin B. Eur J Immunol 1993; 23:

2306–2310.
32 L�udv�ıksson BR, Seegers D, Resnick AS, Strober W. The effect of TGF-

beta1 on immune responses of na€ıve versus memory CD4+ Th1/Th2 T

cells. Eur J Immunol 2000; 30: 2101–2111.
33 Zhang X, Giangreco L, Broome HE, Dargan CM, Swain SL. Control of

CD4 effector fate: transforming growth factor beta 1 and interleukin 2

synergize to prevent apoptosis and promote effector expansion. J Exp

Med 1995; 182: 699–709.
34 Radbruch A, Muehlinghaus G, Luger EO et al. Competence and competi-

tion: the challenge of becoming a long-lived plasma cell. Nat Rev Immunol

2006; 6: 741–750.

© 2014 European Academy of Dermatology and VenereologyJEADV 2014

Immunological changes after ASIT in AD 7


