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Abstract
Background: Whether Dermatophagoides pteronyssinus (Der-p) allergen immunother-
apy (AIT) can induce Dermatophagoides farina (Der-f)-specific immunoglobulin (sIg) G4 
production, and tolerance to environmental allergens has not been fully investigated.
Objective: We aimed to determine serum Der-p-sIgG4 and Der-f-sIgG4 levels in 
asthma and/or rhinitis patients undergoing Der-p AIT and their ability to reduce im-
mune responses triggered by indoor dust extracts.
Methods: We performed a real-world prospective trial and enrolled patients with aller-
gic rhinitis and/or asthma in Guangzhou, China. These patients received either Der-p 
AIT (SCIT group) or routine medications (non-SCIT group) for 156 weeks. Clinical out-
comes were assessed by the combined symptom medication score (SMS) and FEV1% 
changes. House dust samples were collected to analyse allergen levels. Serum levels 
of Der-p-sIgG4 and Der-f-sIgG4, serum inhibitory capacity against Der-p, Der-f and 
indoor dust extract by sIgE-facilitated allergen binding to B cells (IgE-FAB), and serum 
blocking indoor dust extract-induced basophil activation inhibition assays (BATI) in 
peripheral blood monocytes were carried out at weeks 0, 4, 12, 16, 52, 104 and 156 
after the initiations of the treatments.
Results: Our study enrolled a total of 60 participants, with 30 patients in each group. 
Patients in the SCIT group had significantly improved SMS when compared with the 
baseline and the patients in the non-SCIT group. Median levels of Der-p 1 and Der-f 1 
in indoor dust extract were 1.86 μg/g and 4.74 μg/g, respectively. Serum Der-p-sIgG4 
and Der-f-IgG4 levels in SCIT patients showed a significant increase from weeks 12 
to 156. Serum in these SCIT patients could significantly block Der-p, Der-f and indoor 
dust extract formation of allergen–sIgE complex and reduced the threshold of IgE-
FAB from 16 weeks after the initiation of the treatment. The capacity to inhibit Der-p, 
Der-f and indoor dust extract BATI was observed in SCIT serum after 12 weeks. Der-
p-sIgG4 and Der-f-sIgG4 had a significant correlation with IgE-FAB and BATI in SCIT 
patients at all time points.

 13652222, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cea.14088 by U

niversity O
f L

iverpool, W
iley O

nline L
ibrary on [30/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-7451-6163
https://orcid.org/0000-0001-8067-6307
mailto:﻿
mailto:lijing@gird.cn
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcea.14088&domain=pdf&date_stamp=2022-03-31


    |  879FENG et al.

1  |  INTRODUC TION

House dust mites (HDMs) are common environmental aeroaller-
gens that are present ubiquitously and play a pivotal role in the 
pathogenesis of respiratory diseases. Exposure to HDM allergens 
is associated with the development of allergic diseases.1 Our pre-
vious study found that two HDM allergens, Dermatophagoides 
pteronyssinus (Der-p) and Dermatophagoides farina (Der-f), were 
the dominant allergens in China.2 Exposures to 2 and 10  μg of 
group I Der-p and Der-f per gram of dust are considered the ex-
posure thresholds for sensitization and acute asthma attack, 
respectively.3

Allergic diseases are common chronic health conditions. The 
treatment strategies include avoiding allergens, patient education, 
appropriate drug therapy and allergen immunotherapy (AIT). AIT is 
an effective treatment for HDM allergic disease.4,5 The therapeu-
tic mechanisms of AIT involve induction of allergen-specific immu-
noglobulin G (IgG) 4 antibodies. IgG4 antibodies can compete with 
specific immunoglobulin E (sIgE) to combine with allergens, which 
inhibits allergen–immunoglobulin E (IgE) complex formation and 
binding to mast cells and basophils.6 Some studies have also found 
that IgG antibodies can inhibit allergen-activated effector cells7,8 
or reduce allergen sensitivity.9 The safety and effectiveness of sin-
gle AIT have been tested in polysensitized patients with asthma 

and rhinitis.10 However, patients with polysensitization seeking 
AIT for respiratory allergies are more prevalent than those with 
monosensitization.11 Our previous study found that more than 
90% of patients with asthma and/or rhinitis were sensitized to two 
or more allergens, and 83.7% were sensitized to Der-p and Der-f 
simultaneously.2 The two group I mite allergens (Der-p 1 and Der-f 
1) had very similar physicochemical properties and were highly 
cross-reactive.12 Single-Der-p immunotherapy was effective for 
patients with allergic asthma and rhinitis that were sensitized to 

Conclusion: Single Der-p immunotherapy induced both Der-p-sIgG4 and Der-f-sIgG4 
production, which might cross-reactively induce tolerance against environmental al-
lergen exposure in patients with asthma and/or rhinitis.
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allergen immunotherapy, asthma, environmental allergen, house dust mite, rhinitis

Key Messages

•	 We investigated the immunologic response to sen-
sitization to multiple allergens during single-allergen 
immunotherapy.

•	 Suppression function against environmental dust expo-
sure was demonstrated by sIgE-facilitated allergen bind-
ing to B cells and basophil activation inhibition assays.

•	 Single Der-p immunotherapy induced both Der-p-
sIgG4 and Der-f-sIgG4 productions, which might 
cross-reactively induce suppression functions against 
environmental allergen exposures.
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G R A P H I C A L  A B S T R A C T
We demonstrated that 53.3% of home dust samples in Guangzhou had high levels of Dermatophagoides pteronyssinus (Der-p) and 
Dermatophagoides farina (Der-f). Single Der-p immunotherapy might cross-reactively induce suppression function against environmental 
allergen exposure in dual Der-p and Der-f sensitized allergic rhinitis and/or asthma.
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both Der-p and Der-f.4 However, very few studies have been per-
formed to investigate the immunologic response to sensitization 
to multiple allergens during single AIT. Here, we carried out a real-
world trial to assess the effects of single Der-p immunotherapy on 
immunologic responses related to Der-f, including the induction of 
cross-reactive sIgG4 and its inhibitory capacity against environ-
mental dust.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and participants

We performed a prospective clinical trial and enrolled patients who 
visited the Allergy and Clinical Immunology Department of the 
Guangzhou Institute of Respiratory Diseases due to asthma or rhi-
nitis between June 2015 and May 2019 (Figure 1). The study pro-
tocol was approved by the Ethics Committee of the First Affiliated 
Hospital of Guangzhou Medical University, China, and registered 
at http://www.chictr.org.cn (ChiCTR-OOC-15006207). Written in-
formed consent was obtained from all adult patients or the parents 
of children.

The inclusion criteria were as follows: 1) age <60  years old; 
2) mild to moderate asthma and/or rhinitis that aligned with the 
Allergic Rhinitis and its Impact on Asthma (ARIA) guideline for 
allergic rhinitis and/or the Global Initiative for Asthma (GINA) 
guideline for asthma13,14; 3) confirmed allergy to Der-p and Der-f 
by the skin prick test (SPT) and serum sIgE detection (ImmunoCap, 
Phadia); 4) forced vital capacity in 1  s (FEV1) greater than 70% 
of the predicted value. Patients with previously existing cardio-
pulmonary diseases, such as coronary artery disease, emphysema 
or bronchiectasis, or signs of acute infection were excluded from 
the study. Among the AIT-eligible subjects, those willing to receive 
AIT were assigned to the AIT group, while those unwilling to re-
ceive AIT were assigned to the control group and were given med-
ication treatment alone.

2.2  |  Study protocol

Patients received either single Der-p subcutaneous immunotherapy 
(SCIT group) or routine medications (non-SCIT group). Serum sam-
ples were collected before the initiation of treatments and at weeks 
4, 12, 16, 52, 104 and 156 during the treatments.

2.2.1  |  Dust collection and analysis

House dust samples from the participant families in Guangzhou 
were obtained to analyse group I mite allergen (Der-p 1 and Der-f 
1) levels. The detailed steps are described in our previous ISAAC 
(International Study of Asthma and Allergies in Childhood) study.15 
Briefly, dust samples were collected from the living room and bed-
room (bed sheet, pillowcase, pillow and mattress) by the study staff. 
Endotoxin and allergen levels were analysed as described previ-
ously.15 Endotoxin levels were measured using the kinetic chromog-
enic Limulus amebocyte lysate (LAL) assay (Hycult Biotech) and are 
presented as micrograms per gram dust following unit transforma-
tion (i.e. one nanogram of endotoxin is equivalent to 5 EU in the LAL 
assay16). Allergen levels were extracted and analysed for Der-p 1 and 
Der-f 1 using enzyme-linked immunosorbent assay kits.17 Dust ex-
traction allergen (dust extract) levels are presented as micrograms 
per gram of dust. Based on the Der-p 1 and Der-f 1 allergen concen-
trations, we mixed 15 samples of dust extract as an environmental 
allergen pool (the concentration of Der-p 1 + Der-f 1 = 8.13 μg/ml).

2.2.2  |  SCIT procedure and clinical evaluation

Patients received SCIT with standardized aluminium-formulated Der-p 
Alutard-SQ vaccine (ALK-Abelló A/S). The treatment protocol and 
clinical evaluations were performed in the same way as described in 
our previous study.18 The combined symptom medication score (SMS) 
was defined as the sum of symptom scores and medication scores.

F I G U R E  1  Flowchart of the study 
design. BATI, basophil activation inhibition 
assay; Der-f, Dermatophagoides farina; 
Der-p, Dermatophagoides pteronyssinus; 
IgE-FAB, IgE-facilitated allergen binding 
to B cells assay; PBMC, peripheral blood 
mononuclear cells; SCIT, subcutaneous 
allergen immunotherapy; sIgG4, specific 
immunoglobulin G4
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2.2.3  |  Detection of serum IgE and IgG4

Levels of total IgE and sIgE against Der-p and Der-f were meas-
ured with a fluorescence enzyme immunoassay system (Phadia 
ImmunoCAP). sIgE results are reported as kU/L, with a reference 
range 0.35–100 kU/L. The samples with a sIgE level >100 kU/L were 
diluted and detected again. A four-layer sandwich enzyme-linked im-
munosorbent assay (ELISA) system was used to measure the serum 
Der-p and Der-f sIgG4 levels, as previously reported.19

2.2.4  |  Serum allergen–sIgE-facilitated allergen 
binding assay

Serum inhibitory activity against allergen–sIgE binding to B cells (IgE-
FAB) was performed, as described in our previous study.18 Briefly, stock 
indicator serum containing a high concentration of Der-p and Der-f 
sIgE was preincubated with Der-p, Der-f or indoor dust extract to form 
allergen–IgE complexes. Indicator serum was mixed with test serum or 
RPMI 1640 as a control. Epstein–Barr virus (EBV)-transformed B cells 
(a gift from ALK-Abelló A/S) were then added to the allergen–IgE mix-
ture and incubated. Cells were washed, stained with anti-IgE antibody 
(AbD Serotec) and detected using flow cytometry.

2.2.5  |  Basophil activation inhibition assay

Basophil activation inhibition assay (BATI) was performed, as in our 
previous study20 and reported at weeks 0, 4, 12, 16, 52, 104 and 
156 after the initiation of SCIT. Serum (20  μl) from SCIT patients 
or control participants was incubated with 60 μl of Der-p, Der-f or 
indoor dust extract at 37°C for 1 h. Then, 80 μl (2 × 106 cells/ml) 
of peripheral blood mononuclear cells (PBMCs) from three HDM 
atopic adult volunteers were added to the serum–allergen mixture 
for 30  min at 37°C. Cells were stained with CD123-PE-Cy5 (BD), 
HLA-DR-APC (BD), CD203c-PE (Beckman Coulter) and CD63-FITC 
(Beckman Coulter). Basophils gated on SSClow/CD203c+/CD123+/
HLA-DR− were detected using flow cytometry (BD FACSVerse) and 
analysed using FCS Express software version 4 (De Novo Software).

2.3  |  Statistical analysis

Data analysis was performed in SPSS (version 16.0, SPSS Inc) and 
GraphPad Prism 8 (GraphPad Software Inc). Allergen levels are 
presented as median and interquartile range. The Mann–Whitney 
U test was used to analyse intergroup differences for the allergen 
concentrations. A two-way analysis of variance with Sidak's multi-
ple comparisons test for two or more groups was used to analyse 
repeated-measure data. Data are presented as mean  ±  standard 
error of the mean (SEM). Linear regression was used to analyse the 
relationship among IgE-FAB, BATI and sIgG4. Differences were con-
sidered significant at p < .05.

3  |  RESULTS

3.1  |  Patient characteristics

This study enrolled a total of 60 participants. There were 22 children 
(age ≤14  years) and 38 adults (age 15–58  years), with 30 patients 
in the SCIT group and 30 patients in the non-SCIT control group 
(Table 1). Two participants in the SCIT group dropped out after 12 
and 16 weeks of treatments. Three participants in the control group 
did not return for the follow-up visits after 16, 52 and 156 weeks of 
treatments. Some patients did not provide blood at each time point. 
The missing data from these patients were not included in the final 
analysis.

The demographic data, SMS and antibody levels of all partici-
pants are shown in Table  1. There were no differences between 
the SCIT and non-SCIT groups in terms of sex, SMS and baseline 
serum IgE levels (Der-p sIgE: SCIT 89.5  ±  12.7  kU/L vs. non-SCIT 
91.4 ± 13.8 kU/L, p > .05; Der-f sIgE: SCIT 93.2 ± 13.6 kU/L vs. non-
SCIT 94.8 ± 14.5 kU/L, p > .05).

3.2  |  Changes in clinical outcomes

The SMS was significantly decreased in the SCIT group after 
52 weeks of treatment, compared with the baseline. The SCIT group 
had more significant SMS declines at weeks 52, 104 and 156 com-
pared with the non-SCIT group (Figure S1A). No significant changes 
in FEV1% were observed during the treatments in either the SCIT or 
non-SCIT groups (Figure S1B).

3.3  |  Indoor dust analysis

A total of 60 patients and 60 dust samples were collected from 
the bed and living rooms for the dust exposure investigation. The 
concentration of mite allergens ranged from <0.01 to >100  μg 
allergen per gram dust. Figure  2 shows the measured results as 
μg Der-p 1 or Der-f 1 per gram dust and total amount of Der-p 
1  +  Der-f 1 in dust samples. Median values of Der-p 1 in dust 
were 1.86  μg/g dust, which corresponded to a median value of 
4.74  μg/g dust for Der-f 1. The level of Der-f 1 was higher than 
that of Der-p 1 in the dust samples (p <  .05, Figure 2). High lev-
els of Der-p 1 + Der-f 1 (>10 μg/g) were observed in 53.3% of all 
dust samples. Sensitive levels of Der-p 1+Der-f 1 (>2 μg/g) were 
observed in 88.3% of all dust samples. The median value of endo-
toxin in dust was 0.51 μg/g dust.

3.4  |  Allergen concentration curves for IgE-
FAB and BATI

To identify suitable allergen concentrations for IgE-FAB and BATI, 
we performed IgE-FAB and basophil activation tests (BATs) with 
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six concentration levels for Der-p, Der-f, dust extract and lipopoly-
saccharides (LPS) in 10 volunteers sensitized to HDM. The results 
showed that IgE-FAB and BAT were allergen dose-dependent in 
mite-allergic patients (Figure  S2A,B). An allergen concentration of 
0.15 μg/ml, which evoked submaximal cell stimulation, was chosen 
to further investigate the time course of IgE-FAB and BATI. Analysis 
of LPS concentration curves showed no significant change in IgE-
FAB and BAT (p > .05; Figure S2A,B).

3.5  |  Changes in serum antibodies and IgE-FAB

Levels of Der-p and Der-f sIgG4 were significantly increased in the 
SCIT group starting from week 12 and were more obvious after 
16, 52, 104 and 156 weeks of AIT (Figure 3A). Intergroup differ-
ences were observed starting from week 16 (Figure 3A). Der-p and 
Der-f sIgG4 did not change significantly during the treatment in 
the non-SCIT group (Figure 3A). IgE-FAB showed the capacity to 
inhibit Der-p, Der-f and indoor dust extract. sIgE complex bind-
ing to B cells increased significantly beginning at week 16, with 
increasingly higher levels at 52, 104 and 156 weeks of AIT in the 
SCIT group (Figure 3B). The non-SCIT group did not show these 
changes (Figure 3B).

3.6  |  Inhibition of basophil activation

The capacity to inhibit basophil activation stimulated by Der-p, Der-f 
and dust extract was significantly increased starting from week 
12 and kept increasing until week 156 of AIT in the SCIT group 
(Figure 3C). In the non-SCIT group, there were no altered basophil 
responses to Der-p, Der-f and dust extract during the treatment pro-
cess (Figure 3C).

3.7  |  Correlations between sIgG4, IgE-
FAB and BATI

Levels of Der-p-sIgG4 and Der-f-sIgG4 had significant linear asso-
ciations with IgE-FAB and BATI in the SCIT group at all time points 
during the 3 years of treatment (Figures 4 and 5). There were no cor-
relations between Der-p-sIgG4 and Der-f-sIgG4 levels and the BATI 
and IgE-FAB in the non-SCIT group at the corresponding time points 
during the 3 years of treatment (Figures S2 and S3).

Variable SCIT (n = 30) Non-SCIT (n = 30) p value

Sex, M/F 18/12 20/10 >.05

Age distribution (years) 19.2 ± 2.5 21.3 ± 2.6 >.05

Children (≤14 years) 13 (9.3 ± 0.6) 11 (8.6 ± 0.5) >.05

Adults (>14 years) 17 (26.8 ± 2.4) 19 (28.7 ± 2.1) >.05

SMS 3.8 ± 0.4 3.9 ± 0.5 >.05

FEV1 (%predicted) 90.2 ± 2.3 91.7 ± 1.9 >.05

FVC (%predicted) 97.2 ± 1.6 95.4 ± 2.1 >.05

Total IgE (kU/L) 502.3 ± 66.2 549 ± 53.6 >.05

Specific IgE to Der-p (kU/L) 89.5 ± 12.7 91.4 ± 13.8 >.05

Specific IgE to Der-f (kU/L) 93.2 ± 13.6 94.8 ± 14.5 >.05

Note: Data are presented as mean ± standard error of the mean (n = 30 per group).
Abbreviations: Der-f, Dermatophagoides farina; Der-p, Dermatophagoides pteronyssinus; FEV1, forced 
expiratory volume at 1 s; FVC, forced vital capacity; IgE, immunoglobulin E; SCIT, subcutaneous 
allergen immunotherapy; SMS, combined symptom medication score.

TA B L E  1  Basic information of all 
patients in the SCIT and non-SCIT groups

F I G U R E  2  Allergen and endotoxin levels in Guangzhou. Data 
are expressed as median with interquartile range. *p < .05 when 
compared between Der-p 1 and Der-f 1. Der-f, Dermatophagoides 
farina; Der-p, Dermatophagoides pteronyssinus
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4  |  DISCUSSION

In this study on SCIT-induced blocking antibodies and their asso-
ciation with environmental dust allergen exposure, we found that 
53.3% of dust samples showed high levels of Der-p 1 + Der-f 1. We 
demonstrated that serum Der-p-sIgG4 and Der-f-sIgG4 were signifi-
cantly increased starting from week 12 after the initiation of SCIT. 
SCIT patients also had significantly reduced serum Der-p, Der-f and 
dust extract formation of allergen–sIgE complex binding to B cells, 
with subsequent inhibited Der-p, Der-f and dust extract to activate 
basophils. Der-p-sIgG4 and Der-f-sIgG4 had a significant association 

with inhibition function in the SCIT group, based on linear regression 
analysis.

House dust mite allergens are the dominant allergen in China. 
Exposure to HDM allergens is a major aetiology of perennial allergic 
respiratory disease.2 In this study, we found that 53.3% of dust sam-
ples showed high levels of Der-p 1 + Der-f 1 (≥10 μg/g). Zhang et al.17 
found that 88% of Guangzhou dust samples from bedding had high 
levels of group I mite allergens. Allergen concentrations above 
10 μg/g are considered as an exposure risk threshold for acute asthma 
attack3 and are associated with increased risks of asthma at age 
7 years.21 Der-f and Der-p are the most common Dermatophagoides 
species found in warm and humid climates.22 These HDMs are the 
predominant perennial indoor allergen sources in China.2 These 
species are likely to be the cause of the high prevalence of positive 
mite SPTs in 64% of outpatients.2 We also found higher levels of 
Der-f 1 than Der-p 1 in dust samples from our patients. Similarly, 
Lian et al.23 and Zhang et al.17 showed that concentrations of Der-f 
1 were higher than those of Der-p 1 in dust extracts from air con-
ditioner filters or bedding in Guangzhou. In contrast, Lai et al.24 and 
Chen et al.25 identified and counted more Der-p than Der-f mites in 
Guangzhou household dust and Guangzhou school dormitory dust. 
The discrepancy between these studies might be due to the distribu-
tion of Der-f and Der-p, which depends on several factors including 
relative humidity, the biology of these two species and temperature 
influences on reproduction and survival.22 Nevertheless, these two 
nearly identical Dermatophagoides species are the most common and 
evenly distributed indoor allergens in Guangzhou city.

The therapeutic strategy for treating allergic asthma is related to 
both avoidance of the relevant allergens and immunotherapy. Most 
HDM allergic patients are co-sensitized to Der-p and Der-f due to a 
high cross-reactivity between these two species, which enabled us to 
use a single allergen (Der-p) for HDM allergy treatment.20,26 Indeed, 
studies on single Der-p AIT have been shown to be effective in pa-
tients with asthma and rhinitis who are sensitized to both Der-p and 
Der-f.10,11 The current investigation is consistent with our previous4,19 
and other studies,27,28 which confirmed that sole Der-p immunother-
apy had similar clinical improvements for HDM allergic disease.

Induction of sIgG4 has been found to be a prominent immuno-
logical change induced by AIT.6 In agreement with our previous find-
ings and those of other studies,19,29 we found that AIT could induce 
a substantial increase of sIgG4. In addition, Der-p single AIT could 
also induce Der-f sIgG4. These results were consistent with that 
of Xiao et al.,30 who found that both Der-p and Der-f sIgG4 levels 
were significantly increased after Der-p AIT. Investigations on the 
molecular characterization of mite allergens have shown an 81% se-
quence homology between Der-p 1 and Der-f 1.31 Der-p 1 and Der-f 
1 were also reported to have similar molecular sizes, stereochemical 
structures and allergenicities.32 Additionally, a cross-reactive epi-
tope between Der-p 1 and Der-f 1 has been defined,33 which could 
play a key role in the cross-reactivity of allergens.34 This structural 
characteristic indicates a possible cross-reaction between Der-p and 
Der-f, which have very similar physicochemical properties. The im-
mune system is inclined to respond similarly whether the exposure 

F I G U R E  3  Time course of mean Der-p and Der-f sIgG4 (A), 
Der-p, Der-f and dust allergen IgE-FAB (B), Der-p, Der-f and dust 
allergen BATI (C) in the SCIT group at visit time points. Data are 
shown as mean ± standard error of the mean. *p < .05, *′p < .01, 
*″p < .001 when compared with week 0; #p < .05, #′p < .01, 
#″p < .001 when compared with the non-SCIT group. BATI, 
basophil activation inhibition assay; Der-f, Dermatophagoides farina; 
Der-p, Dermatophagoides pteronyssinus; IgE-FAB, IgE-facilitated 
allergen binding to B cells assay; SCIT, subcutaneous allergen 
immunotherapy; sIgG4, specific immunoglobulin G4
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is mainly to Der-p or mainly to Der-f, which might explain why 83.7% 
of participants with asthma and/or rhinitis were simultaneously 
sensitized to Der-p and Der-f2 and why Der-p SCIT-induced sIgG4 
antibodies could recognize both Der-p and Der-f.35 Due to the high 
level of sequence homology, allergens produced by different species 
can also cause T cell cross-reactivity. T cell-activating regions were 
identified in corresponding homologous regions to demonstrate the 
T cell cross-reactivity between Bet v 1 and the related food aller-
gens Mal d 1 (apple) and Api g 1 (celeriac).36 However, there is 85% 
sequence homology between Euroglyphus maynei group 1 allergen 
and Der-p 1, but the T-cell cross-reactivity between them is only 
modest.37 T cell cross-reactivity is not only dependent on amino acid 
sequence similarity but also on structural stability,38 which may ex-
plain the diversity. The influence of T cell cross-reactivity, including 
the allergic response period and the immune response outcome,39 
should be taken into consideration when cross-reaction is involved.

Our previous study20 and other studies have found that Der-p 
and grass pollen AIT-induced sIgG4 exhibited an increased capac-
ity to inhibit allergen–sIgE complex binding to B cells and prevent 

the allergen-dependent activation of T cells by interfering with IgE-
facilitated antigen presentation.29,40,41 In the present study, we fur-
ther demonstrated that the serum from Der-p SCIT patients could 
also inhibit Der-f–sIgE and dust allergen–sIgE complex binding to B 
cells, with the inhibition function increasing persistently during the 
time course of treatment and reaching a plateau after 2  years of 
SCIT. This inhibition was associated with cross-reactive sIgG4. The 
EBV-transformed B cells in the present IgE-FAB assay expressed high 
levels of low-affinity IgE receptor FcεRII (also called CD23). CD23 is 
a negative regulator of IgE synthesis42,43 and could be proteolytic by 
Der-p 1 on the surface of cultured human B cells.44 Disrupting the 
CD23 negative feedback signal by Der-p 1 may result in potentially 
upregulated IgE synthesis.45 Therefore, AIT-induced IgG antibodies 
might interfere with these IgE-dependent mechanisms by inhibiting 
allergen complex binding to CD23 and reducing the production of IgE 
antibodies in susceptible atopic individuals. Besides IgG, the existence 
of other antibody isotypes such as IgA may also influence the inhibi-
tion ability.6 Our previous study showed that Der-p sIgE and Der-f 
sIgE levels decreased after 1 year of AIT18; those results were similar 

F I G U R E  4  Linear regression between 
Der-p and Der-f sIgG4 and IgE-FAB in 
the SCIT group at all time points during 
the 3 years of treatment. Log Der-p 
sIgG4 versus Der-p IgE-FAB (A); log 
Der-p sIgG4 versus Der-f IgE-FAB (B); 
log Der-p sIgG4 versus dust IgE-FAB 
(C); log Der-f sIgG4 versus Der-p IgE-
FAB (D); log Der-f sIgG4 versus Der-f 
IgE-FAB (E); log Der-f sIgG4 versus dust 
IgE-FAB (F). ***p < .001 (simple linear 
regression, mean and error, n = 30 per 
group). Der-f, Dermatophagoides farina; 
Der-p, Dermatophagoides pteronyssinus; 
IgE-FAB, IgE-facilitated allergen binding 
to B cells assay; SCIT, subcutaneous 
allergen immunotherapy; sIgG4, specific 
immunoglobulin G4
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to another study35 that demonstrated that Der-p 2, Der-f and Der-f 
2 sIgE levels decreased after 1 year of AIT. However, some studies 
did not demonstrate a change in sIgE levels during AIT treatment,46 
or found that AIT-induced serum sIgE increased initially and then de-
clined to the baseline values after 1 year of treatment.10 In general, 
the change in sIgE during AIT might be associated with the secretion 
of IL-10 by Treg cells and regulatory B cells, switching allergen-specific 
B cells from sIgE production to IgG4 production.47 In addition, IL-10 
may play a role in reducing proinflammatory cytokines released from 
mast cells,48 downregulating CD86,49 and inducing T-cell anergy.50

Basophils and mast cells are the key effector cells responsible 
for clinical symptoms. Previous studies showed that grass pollen 
immunotherapy induced IgG antibodies associated with reduced 
basophil sensitivity.51,52 Our previous study found that serum ob-
tained after immunotherapy significantly reduced basophil thresh-
old sensitivity under the submaximal Der-p allergen concentration 
stimulation.20 In the present study, we further demonstrated that 
serum obtained from patients receiving Der-p SCIT inhibited Der-
p, Der-f, and dust extract allergen-activated basophils and had a 
strong relationship with sIgG4 levels. Basophils express high-affinity 

IgE receptor (FcεRI) for IgE. Therefore, we demonstrated the effec-
tiveness of cross-reactive IgG blocking activities on environmental 
allergens in the FcεRI expression effector cells. Studies have found 
that inhibition of IgG antibodies reduced basophil allergen threshold 
sensitivity rather than basophil reactivity, based on IgG depletion 
experiments.20,53 Although AIT-induced IgG antibodies are associ-
ated with a reduction in basophil allergen threshold sensitivity, the 
dose–effect relationship between allergen and inhibition antibod-
ies has still not been completely elucidated. Moreover, AIT might 
alter the specificity54 or affinity55 of IgG4 in addition to increasing 
the antibody levels in serum. Moreover, reduced allergen exposure 
through use of an air purifier improved clinical efficacy in patients 
with Artemisia pollen-allergic rhinitis.56 Thus, the factors related to 
inhibition of immunological reactions triggered by environmental al-
lergens in allergic individuals may involve the interaction of effector 
cells, IgE, IgG and environmental allergens.

This is the first study to assess the blocking function of Der-p 
AIT induced Der-p and Der-f IgG in allergic rhinitis and/or asthma 
patients using IgE-FAB and BATI assay. There were several limita-
tions, however. First, we sampled the dust from the families of our 

F I G U R E  5  Linear regression between 
Der-p and Der-f sIgG4 and BATI in the 
SCIT group at all time points during 
the 3 years of treatment. Log Der-p 
sIgG4 versus Der-p BATI (A); log Der-p 
sIgG4 versus Der-f BATI (B); log Der-p 
sIgG4 versus dust BATI (C); log Der-f 
sIgG4 versus Der-p BATI (D); log Der-f 
sIgG4 versus Der-f BATI (E); log Der-f 
sIgG4 versus dust BATI (F). BATI, 
basophil activation inhibition assay; 
Der-f, Dermatophagoides farina; Der-p, 
Dermatophagoides pteronyssinus; SCIT, 
subcutaneous allergen immunotherapy; 
sIgG4, specific immunoglobulin G4
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patients in Guangzhou City and detected Der-p 1 and Der-f 1 al-
lergens and endotoxin. This sampling method might include other 
elements such as pet allergens, fungi, bacterial components and 
pollutants. The interactions of the sampled elements might affect 
the formation of the allergen–IgE complex and binding to B cells 
and basophils. With the present real-world dust exposure design, 
we used the same dust extract to conduct IgE-FAB and BATI ex-
periments in both the SCIT and non-SCIT groups. Moreover, Der-p 
and Der-f allergens and LPS were used as stimulating factors, in-
dicating that we fully considered the major components of indoor 
dust. The results reflect an increased tolerance to real-world dust 
exposure in patients receiving immunotherapy. Second, the exper-
iments were not based on purified allergen-specific IgG antibodies 
but rather serum from patients receiving SCIT. Other antibodies, 
such as IgA and IgG1, might also contribute to the inhibition as-
sociations. Additional studies, especially those with purified HDM 
allergens from dust and sIgG4 from serum, are needed to confirm 
our preliminary findings.

In conclusion, we demonstrated that 53.3% of home dust sam-
ples in Guangzhou had high levels of Dermatophagoides. Der-p AIT 
induced both Der-p sIgG4 and Der-f antibodies, with concurrent in-
hibition of FcεRI and FcεRII functional inhibitory activity triggered 
by the environmental HDM allergens. Der-p AIT-induced sIgG block-
ing antibodies might improve immunological tolerance of environ-
mental allergen exposure in patients sensitized to multiple allergens. 
Der-p AIT may be sufficient to treat dual Der-p- and Der-f-sensitized 
allergic rhinitis and/or asthma.

ACKNOWLEDG EMENTS
We thank LetPub (www.letpub.com) for linguistic assistance and 
pre-submission expert review.

CONFLIC T OF INTERE S T
The authors have no conflicts of interest to declare.

AUTHOR CONTRIBUTIONS
J.L. designed the study, collected the data and performed the statis-
tical analysis. M.L.F conducted the experiments, performed the sta-
tistical analysis and drafted the manuscript. T.L, X.H.Z. and R.D.Q. 
were involved in the statistical analysis. Q.J.S., M.X. and X.S. were 
involved in the data collection.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Mulin Feng   https://orcid.org/0000-0001-7451-6163 
Rundong Qin   https://orcid.org/0000-0001-8067-6307 

R E FE R E N C E S
	 1.	 van Hage-Hamsten M, Johansson E. Clinical and immunologic as-

pects of storage mite allergy. Allergy. 1998;53:49-53.

	 2.	 Li J, Sun B, Huang Y, et al. China alliance of research on respiratory 
allergic D, a multicentre study assessing the prevalence of sensi-
tizations in patients with asthma and/or rhinitis in China. Allergy. 
2009;64:1083-1092.

	 3.	 Platts-Mills TA, Thomas WR, Aalberse RC, Vervloet D, Champman 
MD. Dust mite allergens and asthma: report of a second interna-
tional workshop. J Allergy Clin Immunol. 1992;89:1046-1060.

	 4.	 Wang H, Lin X, Hao C, et al. A double-blind, placebo-controlled 
study of house dust mite immunotherapy in Chinese asthmatic pa-
tients. Allergy. 2006;61:191-197.

	 5.	 Nelson HS. Subcutaneous immunotherapy versus sublingual im-
munotherapy: which is more effective? J Allergy Clin Immunol Pract. 
2014;2:144-149; quiz 50-1.

	 6.	 Sahin E, Bafaqeeh SA, Guven SG, et al. Mechanism of action of al-
lergen immunotherapy. Am J Rhinol Allergy. 2016;30(suppl. 1):1-3.

	 7.	 Ball T, Sperr WR, Valent P, et al. Induction of antibody responses 
to new B cell epitopes indicates vaccination character of allergen 
immunotherapy. Eur J Immunol. 1999;29:2026-2036.

	 8.	 Mothes N, Heinzkill M, Drachenberg KJ, et al. Allergen-specific im-
munotherapy with a monophosphoryl lipid A-adjuvanted vaccine: 
reduced seasonally boosted immunoglobulin E production and in-
hibition of basophil histamine release by therapy-induced blocking 
antibodies. Clin Exp Allergy. 2003;33:1198-1208.

	 9.	 Reisinger J, Horak F, Pauli G, et al. Allergen-specific nasal IgG anti-
bodies induced by vaccination with genetically modified allergens 
are associated with reduced nasal allergen sensitivity. J Allergy Clin 
Immunol. 2005;116:347-354.

	10.	 Blumberga G, Groes L, Dahl R. SQ-standardized house dust mite 
immunotherapy as an immunomodulatory treatment in patients 
with asthma. Allergy. 2011;66:178-185.

	11.	 Calderon MA, Cox L, Casale TB, Moingeon P, Demoly P. Multiple-
allergen and single-allergen immunotherapy strategies in polysen-
sitized patients: looking at the published evidence. J Allergy Clin 
Immunol. 2012;129:929-934.

	12.	 Yasueda H, Mita H, Yui Y, Shida T. Comparative analysis of physi-
cochemical and immunochemical properties of the two major aller-
gens from Dermatophagoides pteronyssinus and the corresponding 
allergens from Dermatophagoides farinae. Int Arch Allergy Appl 
Immunol. 1989;88:402-407.

	13.	 Bousquet J, Clark TJ, Hurd S, et al. GINA guidelines on asthma and 
beyond. Allergy. 2007;62:102-112.

	14.	 Bousquet J, Khaltaev N, Cruz AA, et al. Allergic rhinitis and its 
impact on asthma (ARIA) 2008 update (in collaboration with 
the world health organization, GA(2)LEN and AllerGen). Allergy. 
2008;63(Suppl 86):8-160.

	15.	 Feng M, Yang Z, Pan L, et al. Associations of early life exposures 
and environmental factors with asthma among children in rural and 
urban areas of Guangdong, China. Chest. 2016;149:1030-1041.

	16.	 Hacine-Gherbi H, Denys A, Carpentier M, et al. Use of Toll-like 
receptor assays for the detection of bacterial contaminations in 
icodextrin batches released for peritoneal dialysis. Toxicol Rep. 
2017;4:566-573.

	17.	 Zhang C, Gjesing B, Lai X, Li J, Spangfort MD, Zhong N. Indoor 
allergen levels in Guangzhou city, southern China. Allergy. 
2011;66:186-191.

	18.	 Feng M, Su Q, Lai X, et al. Functional and immunoreactive lev-
els of IgG4 correlate with clinical responses during the main-
tenance phase of house dust mite immunotherapy. J Immunol. 
2018;200:3897-3904.

	19.	 Lai X, Li J, Xiao X, et al. Specific IgG4 production during house dust 
mite immunotherapy among age, gender and allergic disease popu-
lations. Int Arch Allergy Immunol. 2013;160:37-46.

	20.	 Feng M, Zeng X, Su Q, et al. Allergen immunotherapy-induced im-
munoglobulin G4 reduces basophil activation in house dust mite-
allergic asthma patients. Front Cell Dev Biol. 2020;8:30.

 13652222, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cea.14088 by U

niversity O
f L

iverpool, W
iley O

nline L
ibrary on [30/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://www.letpub.com
https://orcid.org/0000-0001-7451-6163
https://orcid.org/0000-0001-7451-6163
https://orcid.org/0000-0001-8067-6307
https://orcid.org/0000-0001-8067-6307


    |  887FENG et al.

	21.	 Celedon JC, Milton DK, Ramsey CD, et al. Exposure to dust mite 
allergen and endotoxin in early life and asthma and atopy in child-
hood. J Allergy Clin Immunol. 2007;120:144-149.

	22.	 Arlian LG, Morgan MS, Neal JS. Dust mite allergens: ecology and 
distribution. Curr Allergy Asthma Rep. 2002;2:401-411.

	23.	 Lian YY, Liu ZG, Wang HY, Chai CY, Liu XY. Detection of mite al-
lergens in the dust of filter-net and air of air-conditioned room. 
Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi. 
2007;25:325-327. (in Chinese).

	24.	 Lai NK, Chen XY, He ZL, Chen LJ. Study of dust mite allergy in the 
Guangzhou area. Chin J Prev Med. 1988;22:347-349. (in Chinese).

	25.	 Chen GJ, Lu Q, Pan LP, Chen XY. Investigation of house dust mite 
fauna in school dormitory in Guangzhou city. J Environ Health. 
2008;25:229-231.

	26.	 Sidenius KE, Hallas TE, Poulsen LK, Mosbech H. Allergen cross-
reactivity between house-dust mites and other invertebrates. 
Allergy. 2001;56:723-733.

	27.	 Huang Y, Wang C, Wang X, Zhang L, Lou H. Efficacy and safety 
of subcutaneous immunotherapy with house dust mite for allergic 
rhinitis: a meta-analysis of randomized controlled trials. Allergy. 
2019;74:189-192.

	28.	 Jutel M, Bruggenjurgen B, Richter H, Vogelberg C. Real-world evi-
dence of subcutaneous allergoid immunotherapy in house dust mite-
induced allergic rhinitis and asthma. Allergy. 2020;75(8):2050-2058.

	29.	 Shamji MH, Ljorring C, Francis JN, et al. Functional rather than im-
munoreactive levels of IgG4 correlate closely with clinical response 
to grass pollen immunotherapy. Allergy. 2012;67:217-226.

	30.	 Xiao X, Huang D, Cui B, et al. Influence of Der p specific immu-
notherapy on Der f specific IgG4 in mite allergic patients. Chin J 
Allergy Clin Immunol. 2009;3:34-38.

	31.	 Dilworth RJ, Chua KY, Thomas WR. Sequence analysis of cDNA 
coding for a major house dust mite allergen, Der f I. Clin Exp Allergy. 
1991;21:25-32.

	32.	 Takai T, Kato T, Yasueda H, Okumura K, Ogawa H. Analysis of the 
structure and allergenicity of recombinant pro- and mature Der p 
1 and Der f 1: major conformational IgE epitopes blocked by pro-
domains. J Allergy Clin Immunol. 2005;115:555-563.

	33.	 Chruszcz M, Pomes A, Glesner J, et al. Molecular determinants for 
antibody binding on group 1 house dust mite allergens. J Biol Chem. 
2012;287:7388-7398.

	34.	 Levin M, Davies AM, Liljekvist M, et al. Human IgE against the 
major allergen Bet v 1–defining an epitope with limited cross-
reactivity between different PR-10 family proteins. Clin Exp Allergy. 
2014;44:288-299.

	35.	 Chen J, Zhou Y, Wang Y, et al. Specific immunoglobulin E and 
immunoglobulin G4 toward major allergens of house-dust mite 
during allergen-specific immunotherapy. Am J Rhinol Allergy. 
2017;31:156-160.

	36.	 Lorenz AR, Scheurer S, Vieths S. Food allergens: molecular and im-
munological aspects, allergen databases and cross-reactivity. Chem 
Immunol Allergy. 2015;101:18-29.

	37.	 Kent NA, Hill MR, Keen JN, Holland PW, Hart BJ. Molecular 
characterisation of group I allergen Eur m I from house dust mite 
Euroglyphus maynei. Int Arch Allergy Immunol. 1992;99:150-152.

	38.	 Kamath SD, Scheiblhofer S, Johnson CM, et al. Effect of structural 
stability on endolysosomal degradation and T-cell reactivity of 
major shrimp allergen tropomyosin. Allergy. 2020;75:2909-2919.

	39.	 Aalberse RC. Assessment of sequence homology and cross-
reactivity. Toxicol Appl Pharmacol. 2005;207:149-151.

	40.	 Zhao D, Lai X, Tian M, et al. The functional IgE-blocking factor in-
duced by allergen-specific immunotherapy correlates with IgG4 
antibodies and a decrease of symptoms in house dust mite-allergic 
children. Int Arch Allergy Immunol. 2016;169:113-120.

	41.	 Shamji MH, Kappen J, Abubakar-Waziri H, et al. Nasal allergen-
neutralizing IgG4 antibodies block IgE-mediated responses: novel 
biomarker of subcutaneous grass pollen immunotherapy. J Allergy 
Clin Immunol. 2019;143:1067-1076.

	42.	 Gould HJ, Sutton BJ. IgE in allergy and asthma today. Nat Rev 
Immunol. 2008;8:205-217.

	43.	 Gould HJ, Sutton BJ, Beavil AJ, et al. The biology of IGE and the 
basis of allergic disease. Annu Rev Immunol. 2003;21:579-628.

	44.	 Schulz O, Laing P, Sewell HF, Shakib F. Der p I, a major allergen of 
the house dust mite, proteolytically cleaves the low-affinity recep-
tor for human IgE (CD23). Eur J Immunol. 1995;25:3191-3194.

	45.	 Gough L, Schulz O, Sewell HF, Shakib F. The cysteine protease 
activity of the major dust mite allergen Der p 1 selectively en-
hances the immunoglobulin E antibody response. J Exp Med. 
1999;190:1897-1902.

	46.	 Shamji MH, James LK, Durham SR. Serum immunologic markers for 
monitoring allergen-specific immunotherapy. Immunol Allergy Clin 
North Am. 2011;31(311–23):311-323.

	47.	 Frew AJ. Allergen immunotherapy. J Allergy Clin Immunol. 
2010;125:S306-S313.

	48.	 Marshall JS, Leal-Berumen I, Nielsen L, Glibetic M, Jordana M. 
Interleukin (IL)-10 inhibits long-term IL-6 production but not pre-
formed mediator release from rat peritoneal mast cells. J Clin Invest. 
1996;97:1122-1128.

	49.	 Bellinghausen I, Brand U, Steinbrink K, Enk AH, Knop J, Saloga J. 
Inhibition of human allergic T-cell responses by IL-10-treated den-
dritic cells: differences from hydrocortisone-treated dendritic cells. 
J Allergy Clin Immunol. 2001;108:242-249.

	50.	 Sato K, Yamashita N, Matsuyama T. Human peripheral blood 
monocyte-derived interleukin-10-induced semi-mature den-
dritic cells induce anergic CD4(+) and CD8(+) T cells via presen-
tation of the internalized soluble antigen and cross-presentation 
of the phagocytosed necrotic cellular fragments. Cell Immunol. 
2002;215:186-194.

	51.	 Schmid JM, Wurtzen PA, Siddhuraj P, et al. Basophil sensitivity re-
flects long-term clinical outcome of subcutaneous immunotherapy 
in grass pollen-allergic patients. Allergy. 2021;76:1528-1538.

	52.	 Zidarn M, Kosnik M, Silar M, Bajrovic N, Korosec P. Sustained ef-
fect of grass pollen subcutaneous immunotherapy on suppression 
of allergen-specific basophil response; a real-life, nonrandomized 
controlled study. Allergy. 2015;70:547-555.

	53.	 Lalek N, Kosnik M, Silar M, Korosec P. Immunoglobulin G-dependent 
changes in basophil allergen threshold sensitivity during birch pol-
len immunotherapy. Clin Exp Allergy. 2010;40:1186-1193.

	54.	 Michils A, Ledent C, Mairesse M, Gossart B, Duchateau J. Wasp 
venom immunotherapy changes IgG antibody specificity. Clin Exp 
Allergy. 1997;27:1036-1042.

	55.	 Kolbe L, Heusser CH, Kolsch E. Isotype-associated recognition of 
allergen epitopes and its modulation by antigen dose. Immunology. 
1995;84:285-289.

	56.	 Li L, Zhang L, Mo JH, et al. Efficacy of indoor air purification in the 
treatment of Artemisia pollen-allergic rhinitis: a randomised, double-
blind, clinical controlled trial. Clin Otolaryngol. 2020;45:394-401.

SUPPORTING INFORMATION
Additional supporting information may be found in the online 
version of the article at the publisher’s website.

How to cite this article: Feng M, Luo T, Xian M, et al. 
Suppression function against environmental dust exposure 
after Dermatophagoides pteronyssinus immunotherapy is 
associated with production of specific and cross-reactive 
immunoglobulin G4. Clin Exp Allergy. 2022;52:878–887. 
doi:10.1111/cea.14088

 13652222, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cea.14088 by U

niversity O
f L

iverpool, W
iley O

nline L
ibrary on [30/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/cea.14088

	Suppression function against environmental dust exposure after Dermatophagoides pteronyssinus immunotherapy is associated with production of specific and cross-­reactive immunoglobulin G4
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study design and participants
	2.2|Study protocol
	2.2.1|Dust collection and analysis
	2.2.2|SCIT procedure and clinical evaluation
	2.2.3|Detection of serum IgE and IgG4
	2.2.4|Serum allergen–­sIgE-­facilitated allergen binding assay
	2.2.5|Basophil activation inhibition assay

	2.3|Statistical analysis

	3|RESULTS
	3.1|Patient characteristics
	3.2|Changes in clinical outcomes
	3.3|Indoor dust analysis
	3.4|Allergen concentration curves for IgE-­FAB and BATI
	3.5|Changes in serum antibodies and IgE-­FAB
	3.6|Inhibition of basophil activation
	3.7|Correlations between sIgG4, IgE-­FAB and BATI

	4|DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	REFERENCES


