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GWAS-identified variants to allergic disease 
and early environmental exposure in Chinese schoolchildren 

with allergic rhinitis induced by house dust mite
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Abstract

Background: There is growing evidence that environmental exposure in early life is associated with the development of 
childhood allergic rhinitis.

Objective: To investigate whether polymorphisms in previously published genome wide association studies (GWAS) 
allergic disease loci are associated with childhood house dust mite-induced allergic rhinitis (HDM-AR) and interaction 
effects of genetic and environmental factors on it.

Methods: 156 cases diagnosed by HDM-AR and 173 controls were enrolled. Potential confounders were analyzed by 
using Logistic regression. Twenty-one single nucleotide polymorphisms (SNPs) of GWAS-related allergic diseases in-
cluding EMSY-LRRC32, IL18R1, IL18RAP, IL13, IL4, HLA region, KIF3A were genopyped and analyzed using the im-
proved multiplex ligation detection reaction (imLDR) technique in all the subjects. 

Results: Only IL18R1_rs2287037 was associated with HDM-AR in children. After adjusting for several likely confound-
ers, the protective TT genotype of IL18R1_rs2287037 was found in the population analyzed with the fittest recessive 
model. (adjusted odds ratio [aOR]: 0.44; 95% confidence interval [CI]: 0.21-0.95). The rs2287037_ TT might interact 
with early-life exclusive breastfeeding in the first 4 months (aOR: 0.33; 95%CI: 014-0.97) or full-term birth (aOR: 0.45; 
95%CI: 0.19-0.95) exposure to decrease the risk of HDM-AR. 

Conclusions: These data suggest that IL18R1 polymorphism may play a role in controlling risk to HDM-AR and un-
derline the importance of early environmental exposure into studies of genetic risk factors. 
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Introduction
The prevalence of allergic diseases, including allergic rhi-

nitis (AR), in children is increasing in most countries in the 
world. AR, a chronic inflammatory disease of the upper air-
way, also impairs children’s quality of life such as decreased 
school performance, sleep disturbance, and emotional and 
other psychosocial problems.1 The reported prevalence of 
AR varies widely, ranging from 7.83-48% in China, result-
ed from sampling strategy, the definition of AR, the ages of 
the children and the study results across cities with differ-
ent gross domestic product and health-system coverage.2-4
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156 patients suffering from AR whose age ranged from 
5-10 years were recruited from the outpatient clinic of Otolar-
yngology Department at Shanghai Children’s Medical Center 
from June 2015 to May 2016. Age and gender matched con-
trols were healthy children undergoing regular physical exam-
ination in our hospital. All subjects were ethnic Han Chinese, 
who had lived in the Shanghai region, China, since birth. The 
study approved by the ethics committee of Shanghai Chil-
dren’s Medical Center, and written informed consent was ob-
tained from the parents or guardians.

Clinical evaluation
156 patients were diagnosed as having clinical AR accord-

ing to ARIA 2008 guidelines in the clinic of Otolaryngology 
Department at Shanghai Children’s Medical Center, with re-
currence of symptoms over a year; i.e., two or more persistent 
symptoms of water-like tears, nasal itching, congestion, or 
sneezing lasting for more than 1 hour every day.17 HDM or 
HDM along with other more serum IgE species (SIgE) were 
found positive (≥ 0.35 kU/l) by Western blotting using Aller-
gyScreen™ human serum specific IgE allergen detection kit for 
specific inhalant allergens including HDM (Dermatophagoi-
despteronyssinus [Der p 1] and Dermatophagoidesfainae [Der f 
1]), cat/dog hair, molds, seasonal grass/tree and pollens, cock-
roaches, ragweed, Artemisia argyi, Penicilliumnotatum, Asper-
gillusfumigatus.

To identify relationships between genetic loci and AR, we 
set the following exclusion criteria including patients with 
co-morbid asthma, eczema, or any other allergic disease, or 
tumor in the nasal cavity or any other inflammatory nasal dis-
ease or respiratory issue or autoimmune disease, hematologi-
cal disease, congenital heart disease or other chronic diseases. 

The 173 healthy controls who presented no clinical fea-
tures related to nasal diseases when they did not have a cold 
or the flu were recruited. None of these subjects had a history 
of allergic disease and atopic family history. Moreover, all the 
controls were examined for serum SIgE test with no positive 
antigen-specific IgE against any of the common allergens de-
scribed above. 

Assessment Questionnaires of early environmental exposure 
The sociodemographic questionnaire surveyed for factors 

that might have had a significant impact on AR based on our 
previous findings. These comprised the following variables: 
gender, age, parental educational level (middle school and be-
low/high school/college and above), resident area per captia 
(m2), family numbers (< 3 persons / 3 persons / ≥ 4 persons), 
gestational age (< 37 weeks / 37–41 weeks / 42 weeks), mod-
el of delivery (vaginal delivery/cesarean section), exclusive 
breastfeeding (BF) in the first 4 months (yes/no), in addition 
to passive smoking exposure prior to 1 year-old (home expo-
sure to smoking parents or any other smoking person).

Selection of twenty three common variants associated with 
allergic diseases identified by published GWAS 

Based on the published literature such as recent GWAS18 
of allergic diseases and public SNP databases provid-
ed by the CHB (Han Chinese in Beijing, China) from the 
HapMap Project (http://www.hapmap.org, HapMap data

In 2015, Li et al.5 reported that the prevalence of AR was 
12.9% in school-aged children in Shanghai, China. The house 
dust mite (HDM) is the most important source of indoor al-
lergens that cause allergic disease in China.6

AR is typically a multifactorial disease caused by the inter-
play of genetic and environmental factors. Genetic variations 
are components of genetic factors. Genome-wide association 
studies (GWAS) have revealed allergic disease susceptibility 
loci in an unbiased and hypothesis-free manner. Many candi-
date genes in susceptibility loci suggest roles for innate immu-
nity and immunoregulation including type 2 T helper (Th2) 
cell differentiation and effectors’ functions, epithelial barrier 
functions, IL1 family signaling, and regulatory T cells in the 
pathogenesis of allergic diseases. The first GWAS on allergic 
sensitization identified putative susceptibility loci including 
11q13.5 near EMSY (previously known as C11orf30) and the 
HLA region at 6p21.32 in European origins with AR only sen-
sitization to a single allergen (grass),7 which was previously 
associated with atopic dermatitis8 and asthma.9 Independent 
replication of genotype-phenotype associations in distinct 
populations is generally thought to provide the most convinc-
ing evidence for the identification of a true disease suscepti-
bility gene.10 Furthermore, IL-4 polymorphism11 and the HLA 
region alleles6,12 may contribute to the susceptibility to HDM-
AR in a Chinese population. 

Despite the numerous efforts to discover genes associat-
ed in allergy through various approaches including GWAS, 
the investigation of gene-environment interactions has been 
mainly limited to candidate genes, candidate environmental 
exposures. AR in school-aged children was found to be as-
sociated with pre-and postnatal evens including breastfeed-
ing mode, delivery method, age of gestation and other early 
environmental exposure.5 Sensitization to mite allergens in 
the first years of life associates in the long term with poorer 
clinical outcomes in respiratory health.13 Meantime, the fact 
that moderation of breastfeeding effects on the IQ by genetic 
variation was reported in two birth cohort.14 A genome-wide 
interaction analysis revealed interaction genes for asthma and 
atopy in a farming environment.15 However, little is known 
about how genetic and environmental factors or their interac-
tions contribute to the development and progression of AR.16

In the present study, we conducted a study to test whether 
genetic loci associated with allergic diseases including EMSY 
and leucine rich repeat containing 32 (LRRC32) at 11q13.5, 
the HLA region at 6p21.32, IL18R1 and IL18RAP at 2q12.1, 
and IL13, IL4, and KIF3A at 5q31.111 may contribute the 
susceptibility to HDM-AR. Moreover, we investigated the in-
teraction between candidate genetic and early environmental 
exposure to learn about the challenges in detecting it. Con-
firming the association will strengthen the evidence for a 
causal relationship, and improve gene-environment interac-
tion discovery. 

Methods
Study subjects

We used a population-based case-control association study 
design to assess a possible interaction between GWAS-related 
allergic disease loci and early-life environment on the risk of 
childhood HDM-AR.
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rel 27 Phase II+III, Feb 2009), SNPs within or near EMSY 
(previously known as C11orf30) and LRRC32 (11q13.5), 
HLA region (6p21.32), IL18R1 and IL18RAP (2q12.1), 
and IL13, IL4, and KIF3A (5q31.1) were assessed in our 
study. After genotyping for 21 SNPs, linkage disequilibri-
um (LD, D’) patterns of theses SNPs were assessed to ob-
serve the non-random association of alleles at different loci 
in our dataset. (Figure 1) All r2 values < 0.2 were set to 0 
and each SNP was assigned an r2 value of 1.0 with itself. 
(Figure 2) Tag SNPs (tSNPs) exhibited strong LD in sev-
eral groups of SNPs with correlation coefficients (r2) great-
er than or equal to 0.8, indicating that most common SNPs 
can be represented by a subset of tSNPs using our dataset. 

Figure 1. Values of D’ (D’ × 100) in Pairwise Linkage disequilibrium (LD) between the EMSY-LRRC32, IL18R1, IL18RAP, 
IL13, IL4 gene regionin AR. 
The measure of LD (D’) among all possible pairs of SNPs is shown graphically according to the depth of red color. The numbers 
in squares are D’ values (D’ × 100). Haplotype block structure was estimated with the Haploview program. 
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Further selection of the final tSNPs to be was made setting 
the Hardy-Weinberg p value, minor allele frequency (MAF) as 
< 0.01 and < 0.05, respectively. We elected total 15 SNPs to 
represent the entire loci for the research in total samples ex-
cluding the deviation from Hardy-Weinberg equilibrium.

Specimen collection and DNA extraction
DNA was isolated from peripheral blood leukocytes using 

the QIAamp DNA Micro Kit (Qiagen, Hilden, Germany) ac-
cording to the manufacturer’s instructions, and stored at 4°C 
prior to further investigation within 2 days. DNA concentra-
tions were measured with the NanoDrop ND-1000 spectro-
photometer (Thermo Scientific, Wilmington, DE, USA). 
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Figure 2. Values of r2 (r2 × 100) in pairwise Linkage disequilibrium (LD) between the EMSY-LRRC32, IL18R1, IL18RAP, 
IL13, IL4 gene regionin AR. 
The measure of LD (r2) among all possible pairs of SNPs is shown graphically according to shades of color in those squaresare 
shown, where white represents very low r2 and scarlet represents very high r2. 
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SNP genotyping and quality control
The SNP genotyping work was performed using an im-

proved multiplex ligation detection reaction (imLDR) tech-
nique developed by Genesky Biotechnologies Inc. (Shanghai, 
China). A multiplex PCR-ligase detection reaction method 
was used in the imLDR. For each SNP, the alleles were dis-
tinguished by different fluorescent labels of allele-specific 
oligonucleotide probe pairs. Different SNPs were further dis-
tinguished by different extended lengths at the 3’end. Two 
negative controls were set: one with double-distilled water as 
the template and the other with the DNA template but with-
out primers while all other conditions are kept the same in 
one plate. A 5% random sample was tested in duplicate by dif-
ferent persons, and the reproducibility was 100%. 

Statistical analyses
The values of continuous data were expressed as mean ± SD. 

The differences between groups for basic characteristics were 
measured with chi-square (χ2) test for categorical variables 
or t-test for continuous variables. The frequency genotypes

were expressed as the number or percentage of total number. 
Deviation from the Hardy-Weinberg equilibrium (HWE) for 
each SNP was tested using the Pearson’s chi-square test with 1 
degree of freedom in control subjects. Pair-wise LD measures 
were performed using Haploview version 4.0 with default set-
tings. The r2 for each pair of SNPs was calculated, and hap-
lotype blocks were defined by the method of Gabriel et al.19 
Haplotype blocks are defined based on the pairwise D’ values 
> 0.9. 

The comparison between genotype and estimated haplo-
type frequencies of AR and controls was tested by χ2. Odds 
ratios (ORs) and 95% confidence intervals (CIs) were calcu-
lated by unconditional logistic regression with adjustment for 
age and gender in full genotype and common genetic mod-
els including co-dominant, dominant, recessive, and log-ad-
ditive models, and haplotype analysis. The results were also 
performed after stratification according to different early en-
vironmental exposure. The genetic model with the lowest 
Akaike’s information criterion (AIC) and Bays information 
criterion (BIC) was accepted as the best-fitting genetic model. 



GWAS variants and allergic rhinitis

59

In all analyses, the lower frequency allele was considered to be 
the “risk” allele.

The interaction between rs2287037 genotype and early en-
vironmental exposure was tested by multiple logistic regres-
sion analysis.

We did not correct for multiple testing, as LD suggested 
these were not independent tests.20 p < 0.05 is considered of 
suggestive significance. No corrections were used to adjust for 
type I error. Statistical analyses were performed using SPSS 
17.0 (Statistical Package for the Social Sciences Inc, Chicago, 
IL, USA) and PLINK 1.07 software.

The statistical power for the study was calculated using 
G*Power 2 software (http://www.psycho.uni-duesseldorf.de/
aap/projects/gpower/). The statistical power for comparison

Results
Characteristics of study subjects

Basic characteristics and family features associated with al-
lergic disease of our current subjects are shown in Table 1. All 
groups were comparable with respect to gender, age, weight 
and height, of which were not significantly different for case 
group vs. control group (P > 0.05). Most of the cases (76.9%) 
have only HDM allergen and 23.1% have other allergen along 
with HDM. The risk factor of AR including parental educa-
tion level and family numbers were significantly distributed in 
AR group as expected.5

Table 1. Demographic characteristics in the study subjects 

Variables HDM-AR
n = 156

Control
n = 173

Total
n = 329 pa

Demographics

Gender, n (%) 0.21

Male 106 (67.9) 105 (60.7) 211 (64.1)

Female 50 (32.1) 68 (39.3) 118 (35.9)

Mean age (years) ± SD 6.26 ± 2.93 6.18 ± 1.10 0.16

Mean weight (kg) ± SD 25.58 ± 10.53 24.31 ± 4.17 0.12

Mean height (cm) ± SD 121.48 ± 9.95 114.51 ± 9.03 0.07

HDM with other allergen, n (%)

Yes 39 (25.0)

No 117 (75.0)

Early environmental exposures

Exclusive breastfeeding in the first 4 months 0.203

Yes 48 (30.8) 65 (37.6) 113 (34.3)

No 108 (69.2) 108 (62.4) 216 (65.7)

Age of gestation (weeks) 0.09

Term 131 (84.0) 144 (83.2) 275 (83.6)

Preterm 10 (6.4) 4 (2.3) 14 (4.3)

Post-term 15 (9.6) 25 (14.5) 40 (12.2)

Mode of delivery 0.258

Vaginal 66 (42.3) 62 (35.8) 128 (38.9)

Cesarean 90 (57.7) 111 (64.2) 201 (61.1)

Maternal education, n (%) 0.001*

Below-high school 3 (1.0) 23 (13.3) 26 (7.9)

High school 22 (14.1) 31 (17.9) 53 (16.1)

College 110 (70.5) 96 (55.5) 206 (62.6)

Above-College 21 (13.5) 23 (13.3) 44 (13.4)

of AR vs. control was 97.9% with the current sample size; the 
α was 0.05 and the β was 0.2.
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Hardy-Weinberg equilibrium
All the SNPs analyzed were in Hardy-Weinberg equilibri-

um in HDM-AR and controls, which indicated that 21 SNPs 
were representative in the field without any deviation of geno-
type frequencies (P > 0.05). 

Individual SNP association analysis
Only the TT allele of rs2287037 in IL18R1 were less prev-

alent in the patients with HDM-AR compared with controls 
subjects (aOR: 0.44, 95%CI: 0.21-0.95) after adjusted by age, 
gender, parental education level, resident area per capita, fam-
ily numbers.

a P value for the comparison between mild and controls calculated by χ2 test for categorical variables or t-test for continuous variables
* indicates OR within 95%CI and statistically significant at p value less than 0.05

Table 1. (Continued)

Variables HDM-AR
n = 156

Control
n = 173

Total
n = 329 pa

Resident area per capita (m2) 0.334

< 15 9 (6.8) 14 ( 8.1) 23 (7.0)

15-25 42 (31.6) 48 (27.7) 90 (27.4)

25-35 54 (31.2) 54 (31.2) 108 (32.8)

> 35 57 (32.9) 57 (32.9) 114 (34.7)

Family numbers 0.04*

< 3 persons 1 (0.8) 0 (0) 4 (1.2)

3 persons 54 (42.5) 96 (55.5) 150 (45.6)

≥ 4 persons 72 (56.7) 77 (44.5) 149 (45.3)

Table 2. Model fit statistics for all univariate models

a P value from unconditional logistic regression analyses, adjusted for age, gender, parental education level, resident area per capita, family numbers
AIC: Akaike’s information criterion 
BIC: Bays information criterion
* indicates a statistically significant difference with a p value less than 0.05

SNP ID Minor
Allele Model Genotype

AR (156) Control (173) Adjusteda

 OR (95%CI) Pa AIC BIC
No. % No. %

rs2287037 T Codominant CC 67 42.9 64 37 1 457 468.4

CT 75 48.1 81 46.8 0.88 (0.56-1.37) 0.493

TT 14 9 28 16.2 0.44 (0.21-0.94) 0.035*

Dominant CC 67 42.9 64 37 1 0.202 458 465.6

CT+TT 89 57.1 109 63 0.74 (0.47-1.18)

Recessive CC+CT 142 91 145 83.8 1 0.039* 455.3 462.9

TT 14 9 28 16.2 0.49 (0.24-0.96)

Overdominant CC+TT 81 51.9 92 53.2 1

CT 75 48.1 81 46.8 1.05 (0.68-1.62) 0.82 459.2 466.8

Log-additive - - - - - 0.75 (0.54-1.03) 0.076 456.1 463.6

At the study of model fit statistics in rs2287037, recessive 
model showed that the TT genotype was significant protective 
effect on HDM-AR (p = 0.039, after adjusting age, gender, pa-
rental education level, resident area per capita, family num-
bers, gestation age, model of delivery, BF in the first 4 months 
and passive smoke exposure. (OR: 0.49, 95%CI: 0.24-0.96) 
compared with the CC&CT homozygote. The recessive model 
with the lowest Akaike’s information criterion (AIC) and Bays 
information criterion (BIC) was considered as the best-fitting 
genetic model regardless of significant p value observed in 
model of codominant. (Table 2)
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(aOR: 0.33 95%CI: 0.14-0.97) than among subjects with the 
CC+CT genotype who had not BF in the first 4 months (aOR: 
0.7, 95%CI: 0.42-1.16) or those with the CC+CT genotype 
who had BF in the first 4 months (aOR: 1). (Figure 3a). Sim-
ilarly, the risk for HDM-AR was smaller among subjects with 
rs2287037_TT who were full-term born (aOR: 0.45 95%CI: 
0.19-0.95) than among subjects with the CC+CT genotype 
who were pre/post-term born (aOR: 0.65, 95%CI: 0.26-1.56) 
or those with the CC+CT genotype who were full-term born 
(aOR: 1). (Figure 3b). Genetic factors might therefore interact 
with BF in the first 4 months or full-term birth exposure to 
decrease the risk of HDM-AR.

Overall, the rs2287037_TT also modulated the effect 
of cesarean delivery (aOR: 0.35; 95%CI: 0.13-0.95) or pas-
sive smoking exposure in early life on childhood HDM-AR 
(aOR: 0.32; 95%CI: 0.12-0.90) after adjustment. Though 
the risk for HDM-AR was greater among subjects with 
rs2287037_CC+CT who were delivered by cesarean (aOR: 
0.66, 95%CI: 0.19-2.28) than among subjects with rs2287037_
TT who were delivered by cesarean (aOR: 0.39, 95%CI: 
0.14-1.10) (Figure 3c), there were no interactions between 
rs2287037_TT and the risk of cesarean. The same phe-
nomena was also found no relationship of interaction with 
rs2287037_TT and passive smoking exposure in early life.  
(Figure 3d)

LD analysis and Haplotype analysis
To understand better the relationship between 15 tSNPs 

within and near relevant genes, we performed LD analysis 
and identified blocks by confidence intervals. (Figure 1) Four 
haplotype blocks were found in the subjects. However, no 
haplotype was found to be associated with either risk or pro-
tection against HDM-AR. 

Early environmental exposure and rs2287037
We also investigated interactions between the IL18_rs228 

7037 polymorphism and early environmental factors in the 
risk for HDM-AR, which conducted in 133 HDM-AR and 
176 controls with intact information about gestational age, 
mode of delivery, BF in the first 4 months, in addition to pas-
sive smoking exposure. 

Overall, results of logistic regression models of early envi-
ronmental exposure stratified by genotype of rs2287037 in full 
genotype and recessive model show similar protective effects. 
Individuals carrying the rs2287037_TT have a significant 
decreased HDM-AR risk who are BF in the first 4 months 
(aOR: 0.33, 95%CI: 0.11-0.97) or born full-term (aOR: 0.44; 
95%CI: 0.19-0.98) after adjustingfor age, gender, parental ed-
ucation level, resident area per capita, family numbers. (Table 
3) Furthermore, the risk for HDM-AR was smaller among 
subjects with rs2287037_TT who had BF in the first 4 months

Table 3. Results of logistic regression models of exclusive breastfeeding in the first 4 months and model of delivery on HDM-
AR stratified by genotype in genetic models. 

Adjusted1 for age, gender, parental education level, resident area per capita, family numbers
Model1: full genotype; Model2: recessive model
* P < 0.05

SNP ID Genotype

Exclusive breastfeeding in first 4 moths Age of gestation

Yes No Term Preterm/Post-term

No. cases/
controls

Adjusted1 OR 
(95%CI)

No. cases/
controls

Adjusted1 OR 
(95%CI)

No. cases/
controls

Adjusted1 OR 
(95%CI)

No. cases/
controls

Adjusted1 OR 
(95%CI)

rs2287037

Model 1 CC 42/37 
(50.6/38.9) 1 19/27

(35.8/34.6) 1 54/56
(43.9/36.8) 1 6/8

(60.0/38.1) 1

CT 36/42
(43.4/44.2)

3.2
(0.99-11.42)

27/39
(50.9/50.0)

1.03
(0.47-2.27)

59/71
(48.0/46.7)

0.80
(0.47-1.36)

3/10
(30/47.6)

0.41
(0.08-2.19)

TT 5/16
(6.0/16.8)

2.4
(0.78-7.43)

7/12
(13.2/15.4)

0.78
(0.25-2.45)

10/25
(8.1/16.4)

0.39
(0.16-0.91)*

1/3
(10.0/14.3)

0.52
(0.40-6.66)

Model 2 CC+CT 78/79
(93.9/83.2) 1 46/66

(86.8/84.6) 1 113/127
(91.9/83.6) 1 9/18

(90.0/85.7) 1

TT 5/16
(6.2/16.8)

0.33
(0.11-0.97)*

7/12
(13.2/15.4)

0.76
(0.27-2.19)

10/25
(8.1/16.4)

0.44
(0.19-0.98)*

1/3
(10.0/14.3)

0.77
(0.67-9.0)
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Figure 3. aORs and 95%CIs for HDM-AR according to early environmental exposure and IL18R1_rs2287037 polymorphism 
in school children. 
After adjusting for age, gender, parental education level, resident area per capita and family numbers. Figure 3a-b. shows the 
lowest ORs for childhood HDM-AR who had exclusive BF in the first 4 months (a) or full-term birth (b), and the IL18R1_TT 
significantly. There was no significant interaction in childhood HDM-AR with mode delivery (c) or passive smoking exposure 
in early life (d), and the IL18R1_TT after adjusting for age, gender, parental education level, resident area per capita and family 
numbers in Figure 3c-d.
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Discussion
AR and other allergic diseases are complex immunolog-

ical diseases caused by a combination of environmental and 
genetic factors. Recent GWAS have implicated that genetic 
components of allergic diseases involved in underlying im-
munological pathways.18,21 Given the HDMs are the most im-
portant inhalant aeroallergens for perennial AR patients,22 the 
candidate genes such as EMSY-LRRC32, HLA region (6p21), 
IL18R1 and IL18RAP, IL4 and IL13, and KIF3A (5q31) have 
been performed in patients with HDM-AR in our study. We 
found, for the first time, that rs2287037 (C.-93C>T) in the 
IL18R1 promoter region was significantly associated with 
childhood AR induced by house dust mites. In addition, a 
validation study investigated the IL-18 pathway in HDM-AR. 

So far, it is still unclear that specific or multiple genet-
ic risk factor is responsible for the development of AR. Sus-
ceptibility genes for allergic disease have now been identified, 
suggesting there are common and distinct genetic loci asso-
ciated with these diseases, which provides new insights into 
potential disease pathways and mechanisms including cyto-
kines and their receptors.23 Cytokines play a critical role in the 
widely used immunological model that explain the increasing 
prevalence of atopic diseases by an deviated balance of Th1/
Th2 immune responses triggered by lifestyle-determined 
changes in environment.24 IL-18 receptor itself is formed by 
a dimer of two subunits, IL-18Rα and IL-18Rβ, with the li-
gand-binding IL-18Rα subunit being encoded by the IL18R1 
gene. IL18Rα can bind IL-18 with a high affinity by recruiting 
IL-18Rβ. IL-18Rα and IL-18Rβ are expressed by a variety of 
cells including macrophages, T cells and natural killer (NK) 
cells and thought to be essential for IL-18 mediated signaling 
that results in the production of IFN-γ.25 IFN-γ is a typical 
Th1 cytokine of decisive significance in regulation Th1/Th2 
balance. SNPs have been identified in their potentially func-
tional such as the coding sequences, exon-intron junctions, 
promoter, and untranslated regions. Recently, a three-base de-
letion (950del CAG) as one polymorphism has been reported 
in the promoter of the IL-18Rα chain gene, which is generat-
ed by alternative splicing and is associated with reduced pro-
duction of IFN-γ in the Japanese population.26 Various SNPs 
in IL18R1 were associated with asthma and related traits.27-29 
In the present study, we found that children with TT geno-
type in IL18R1_rs2287037 had significantly lower prevalence 
of HDM-AR than those with the CT/CC genotypes. Our re-
sults suggested that individuals with the TT genotype has a 
protective role for HDM-AR, which was in accordance with 
the previous findings that rs2287037*G were significantly as-
sociated as part of a haplotype block with bowel inflammation 
disease.30 We postulate the rs2287037 which is located in the 
promoter region may modify IL18R1 gene transcription and 
its functional effects relevant to HDM-AR. However, in hap-
lotype analysis, the A allele of rs2287037 was shown to have 
significant association with bronchial hyperreactivity in Eu-
ropean population.31 Conversely, other genetic association 
studies have been reported not to detect significant associ-
ation between IL18R1 and different disease including atop-
ic dermatitis,32 coal workers’ pneumoconiosis33 and cardio-
vascular disease.34 Inconsistent results of association studies 
may arise due to population stratification or true variability

in genetic determinants among different populations.31 Ad-
ditional molecular functional studies in our study should be 
performed to investigate the role of variants in IL18R1 in the 
pathophysiology of HDM-AR. The SNP effect on gene expres-
sion may be due to decreased RNA stability by affecting mi-
croRNA-binding sites. The HDM-AR associated rs2287037 al-
lele T permits hyper-responsiveness to IL-18 may be involved 
and, to a lesser extent, IL18 pathway in the development of 
HDM-AR, providing a novel target for therapeutic interven-
tion in HDM-AR. 

Furthermore, we further investigated the modulating ef-
fect of the IL18R1_rs2287037 on the association between early 
environmental exposure and the development of HDM-AR at 
school age. Previous studies have examined the effect of ear-
ly-life environmental exposure on the development of allergic 
disease. Epidemiologic study has suggested that BF in the first 
4 months, full-term birth may reduce the risk of development 
of AR.5 In our study, BF in the first 4 months or full-term 
birth was found to significantly reduce the risk of HDM-AR 
in homozygous carries of the minor allele, but there is no ef-
fect of exposure in heterozygous carries of the minor allele 
or homozygous major allele carriers. The early-life exposure 
to BF in the first 4 months or full-term modulates the pro-
tective effect of the IL18R1_rs2287037 polymorphism on de-
velopment of HDM-AR in children. The results of a stratified 
analysis for mode of delivery and passive smoking exposure 
did not change substantially. Allergy is believed to result from 
the combined effect of genes and environmental factors and 
their interactions. Similarly, the situation in which both the 
gene and the environment are each known to have a marginal 
effect on disease is illustrated by the interaction between the 
17q21 locus and early-life exposure to environmental tobacco 
smoke in subjects with early-onset asthma.35

The present study has limitation of several analyses are 
based on relatively small number of subjects, which should 
be validated by additional studies using larger sample sizes. 
Given the limited statistical power of our study, these findings 
should be interpreted with caution before being replicated in 
independent HDM-AR. 

In conclusion, the results of this study suggest that 
IL18R1_rs2287037, may protect the schoolchildren from 
HDM-AR, and this effect may be modulated by early envi-
ronmental exposure. This study supports the hypothesis that 
genes and environment may interact to influence the develop-
ment of AR. Further studies are needed to confirm our find-
ings and to elucidate the biological pathways influenced by 
IL18R1 and early environmental exposure.
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