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INTRODUCTION

Increasing evidence shows that exposure to indoor allergens 
is a causative factor for the development of allergic asthma 
among persons who are genetically predisposed to IgE autoan-
tibody responses.1-3 Hypersensitivity to house dust mite (HDM) 
allergens is one of the most common allergic responses, and 
more than 80% of all patients with allergic asthma are sensi-
tized to HDMs. These patients are characterized by high levels 
of serum total IgE and allergen-specific IgE to HDMs in Tai-
wan.4-6

Dermatophagoides pteronyssinus group 2 allergen (Der p 2) is 
considered a major allergen of HDM, and 80%-90% of all HDM-
allergic subjects have been reported to be sensitive to Der p 2.4 

Der p 2 allergens are proteins that tend to bind to the lympho-

cyte antigen 98 protein, also known as myeloid differentiation-2 
(MD-2), which is associated with Toll-like receptor 4 (TLR4) on 
respiratory epithelial cells.7 MD-2 is an essential component of 
lipopolysaccharide (LPS) sensing, which upon binding to LPS 
and TLR4 forms the LPS-MD-2-TLR4 complex that can trigger 
cellular responses causing inflammatory reactions.7,8 Der p 2 
has structural homology with MD-2, and this allergen has been 
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reported to facilitate signaling through direct interactions with 
TLR4 in the absence of MD-2.8 It has been reported that muta-
tions of the MD-2 gene on chromosome 8 can affect the human 
innate response.9 Since our previous reports demonstrated that 
mite allergen Der p 2 can trigger human B-lymphocyte activa-
tion and MD-2/TLR4 induction,10 it is conceivable that Der p2-
susceptible genes may be related to the expression of MD-2.

It has been demonstrated that promoter polymorphisms can 
affect transcription activity and cell surface receptor expres-
sion.11 In our previous report, 6 SNPs of MD-2 promoter were 
identified and differences in genotype and allelic frequency 
were compared between allergic and healthy subjects; the re-
sults showed that the test genotypes of the rs1809441 and 
rs1809442 were significantly different between the 2 popula-
tions (P<0.05).12 MD-2 promoter SNPs (rs1809441/rs1809442) 
were significantly associated with Der p 2-specific IgE, suggest-
ing that the 2 SNPs may play a major role in susceptibility to 
Der p 2-triggered immune responses in a Taiwanese popula-
tion.12 Based on the 1,000 genome project data, the minor allele 
frequencies of the rs1809441 and rs1809442 are 0.467 and 0.474, 
respectively. The correlation of pairwise linkage disequilibrium 
(LD) between the 2 SNPs is D’=1.

The aims of this study were to examine whether promoter 
polymorphisms in the MD-2 gene can affect MD-2 expression 
and to clarify the relationship between Der p 2 allergy and SNPs 
of MD-2 promoter. Functional studies were conducted to inves-
tigate the role of MD-2 promoter polymorphisms in the devel-
opment of allergic inflammation by analyzing the expressions 
of inflammatory cytokines in peripheral blood mononuclear 
cells (PBMCs) derived from allergic subjects with different gen-
otypes of MD-2 promoter SNPs.

 

MATERIALS AND METHODS

Study subjects
The Institutional Review Board of Taichung Veterans General 

Hospital reviewed and approved the ethical issues of this study 
(IRB Nos. CF12009 and CF12010). Written informed consent 
was obtained from each participant before they were enrolled 
in the study. A total of 73 allergic patients who attended the Al-
lergy Clinic at Taichung-Veterans General Hospital were re-
cruited. There were 44 males and 29 females in the study. Their 
age ranged from 6 to 52 years, with a mean±standard devia-
tion of 34±16. Among the 73 subjects, 45 suffered from allergic 
rhinitis (nasal symptoms), 38 suffered from atopic dermatitis 
or urticaria (skin symptoms), and 22 subjects suffered from 
asthma (airway symptoms); 32 had all the diseases. These sub-
jects had a history of recurrent nasal stuffiness, nasal itching, 
sneezing, rhinorrhea, and/or asthma as defined according to 
the allergic rhinitis and its impact on asthma (ARIA) guide-
lines.14,15 Serum total IgE and mite-specific IgE levels were mea-
sured using a UniCAP system (ThermoFisher Scientific, Up-

psala, Sweden). 

SNP genotyping analysis
Ethylene diamine tetra-acetic acid syringes with 5 mLof blood 

samples were collected, and DNA from the buffy coat was puri-
fied using a Genomic DNA Mini kit (Geneaid, Taoyuan, Tai-
wan). A set of primers were designed for the amplification of 
156 base pair PCR products based on MD-2 promoter. The for-
ward and reverse primer sequences were 5′-TggAgTgTAgTg-
gCCCAATC-3′ and 5′-CATggTgAAATTCCgTCTCT-3′, respec-
tively. The DNA of the 156 base pair PCR products was cleaned 
using a PCR DNA Fragments Extraction Kit (Geneaid). The 
genotypes were determined using a TaqMan real-time PCR 
(TaqMan SNP Genotyping Assays; Life Technologies, Carlsbad, 
CA, USA) in a StepOnePlusTM Real-Time PCR System (Applied 
Biosystems, Foster, CA, USA). Genotyping of 2 SNPs (rs1809441 
and rs1809442) I n MD-2 promoter was performed using Cus-
tom TaqMan® SNP Genotyping Assay Mix (Rack ID: 4620713-1 
and ID: 186819793-1) and TaqMan® Universal PCR Master Mix. 
The Taqman probe sequences for SNP genotyping of rs1809441 
and rs1809442 in MD-2 promoter were AGCCTCCC(G/T)AG-
TAGC and CCTGGGTT(C/G)AAGCGAT, respectively. Two 
SNPs were identified at −1265 (rs1809441 G/T) and −1292 
(rs1809442 C/G) in MD-2 promoter.

Transfection and luciferase reporter assay
The potential effects of different SNPs on promoter activity 

were investigated using a luciferase reporter gene assay system. 
The MD-2 promoter regions from different patterns of geno-
types from subjects were constructed in the luciferase reported 
vector-pGL3 vector (Promega, Madison, Wisconsin, USA). A to-
tal of 5 plasmid constructs were prepared, which contained a 
promoterless (pGL3-basic) or wild genotype of CC (rs1809442)/
GG (rs1809441), a single mutant genotype of CG and GT, a 
combined mutant genotype of GG and TT, or a positive control 
of SV-40 promoter. The epithelial cell line was transfected with 
2 µg of construct plasmids (BEAS-2B) using FuGENE6 reagent 
(Roche Molecular Biochemicals, Indianapolis, IN, USA). At 24 
hours post-transfection, the cells were treated with Der p 2 (10 
µg/mL) for 24 hours. Luciferase activities were measured with a 
Luminoskan Ascent luminometer (Thermo Labsystems, Hel-
sinki, Finland). Results were expressed as the fold increase in 
relative luciferase activity (RLA) of the MD-2 promoter con-
struct vectors compared to the RLA of pGL3-Basic.

PBMC culture and cytokine analysis
The selection criteria of experiments for human PBMC cul-

ture and cytokine analysis were according to the written in-
formed consent and the amount of specimen we obtained from 
each participant. A total of 73 allergic subjects who attended 
the allergy and clinical immunology outpatient clinics at Taic-
hung Veterans General Hospital were recruited for the human 
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PBMCs that used for culture. Human PBMCs were prepared by 
density centrifugation (Ficoll-Paque). The cells were stimulated 
with or without Der p 2 (10 µg/mL) or LPS (100 ng/mL) for 3 
days in RPMI-1640 medium containing 10% heat-inactivated 
fetal blood serum (FBS) and 1% streptomycin/penicillin in a 
humidified 5% CO2 atmosphere. Cell culture supernatants were 
collected and evaluated for cytokine concentrations using com-
mercially available Luminex MAP® kits according to the manu-
facturer’s directions. Correlations between data sets were eval-
uated using Pearson’s correlation coefficient (r).

Reverse transcription-polymerase chain reaction (RT-PCR)
PBMCs were cultured with or without Der p 2 or LPS (Esche-

richia coli strain 055:B5; Sigma-Aldrich, St. Louis, MO, USA) for 
3 days, followed by RNA extraction. Total RNA from the cells 
was extracted using an RNeasy mini kit (Qiagen, Hilden, Ger-
many). The first standard cDNA was synthesized by RevertAid 
M-MuLV reverse transcriptase (Thermo Fisher Scientific, Up-
psala, Sweden) according to the manufacturer’s protocol. The 
cDNA then served as a template in a PCR using a G-Storm PCR 
system. The forward and reverse primers were as follows: MD-
2, 5′-AgAAgCAgTATTgggTCTgC-3′ and 5′-ggCTCCCA 
gAAATAgCTTC-3′; GATA-3, 5′-CT CTgCTTCATggATCCCTAC-3′ 
and 5′-CACAgTTCACACACTCCCTg-3′; Cε, 5′-Cg TCTTCCCC 
TTgACCCgCTgCTg-3′ and 5′-CACgTCCATgACCTgCCCgT 
CCTC-3′; Iγ1/2-Cμ, 5′-gggCTTCCAAgCCAACAgggCAggACA-3′ 
and 5′-gTTgCCgTTggggTgCTggAC-3′; IL-1β, 5′-AAACAgATg 
AAgTgCTCCTTCCAgg-3′ and 5′-TggAgAACACCACTTgTT-
gCTCCA-3′; IL-8, 5′-TTggCAgCCTTCCTgATTTCT-3′ and 5′-
TCTC AgCCCTCTTCAAAAACTTCTC -3′; and GAPDH, 5′-CCA 
CCCATggCAAATTCCATggCA-3′ and 5′-TCTAgACggCAg gT-
CAggTCCACC-3′. The amplification cycles were as follows: 
94°C for 30 seconds, 60°C for 30 seconds, and 72°C for 60 sec-
onds. The PCR products were then subjected to electrophoresis 
on a 2% agarose gel for 30 cycles. The electrophoresis products 
were visualized by ethidium bromide staining. The mRNA of 
GAPDH was used to control the sample integrity and loading.

Electrophoretic mobility shift assay (EMSA)
The electrophoretic mobility shift assay was performed ac-

cording to the manufacturer’s instructions as described in a 
LightShift® Chemiluminescent EMSA kit (Thermo Fisher Sci-
entific Inc. Manufacturer: Pierce Biolechnology, Rockford, Illi-
nois, USA). The oligonucleotide with the tandem GATA motif 
(-136 to -161) as a probe was 5′-CTCCGTATTTGATAAGGAA-
CAAATAG-3′. The DNA-protein complexes were resolved on a 
6% non-denaturing polyacrylamide gel and visualized by expo-
sure to autoradiographic films.

PBMC culture, immunofluorescence staining, and flow 
cytometry

Cytokines in activated helper T (TH) cells derived from the do-

nor’s leukocytes underwent immunofluorescence staining and 
flow cytometry. Three-color staining methods were used to an-
alyze the expression of IL-4 and interferon (IFN)-γ in CD4+ cells. 
PBMCs from 50-mL peripheral blood of allergic subjects were 
collected and stimulated with phorbol myristate acetate (PMA; 
50 ng/mL), ionomycin (2 μM), and GolgiStop (Cytofix/Cy-
toperm Plus, Becton Dickinson: BD Pharmingen, Piscataway, 
NJ, USA) for 5 hours before washing twice with PBS. The cells 
were stained with peridinin chlorophyll-a protein (PerCP)-con-
jugated rat anti-human CD4 monoclonal antibody (BD Biosci-
ences, Bedford, MA, USA) at room temperature for 30 minutes 
and washed with PBS. Cells were fixed with cytofix/cytoperm at 
room temperature for 30 minutes, washed with PBS, and 
stained with fluorescein isothiocyanate-conjugated rat anti-hu-
man IFN-γ monoclonal antibody (BD Biosciences) and R-phy-
coerythrin-conjugated rat anti-human IL-4 monoclonal anti-
body (BD Biosciences) at room temperature for 30 minutes and 
washed with PBS. The cells were resuspended in 0.5 mL of PBS 
with 0.1% (wt/vol) sodium azide. Mean fluorescence was mea-
sured using a flow cytometer (Becton Dickinson, Franklin 
Lakes, NJ, USA). A total of 5,000 cells were analyzed in each 
sample.

Statistical analysis
All statistical analyses were performed using SPSS software 

(version 22; SPSS Inc, Chicago, IL, USA). SPSS Sample Power 
2.0 was used for power calculation analysis. The values are pre-
sented as mean±SEM for each group. Non-parametric analysis 
of the Wilcoxon signed rank and Mann-Whitney U tests were 
performed to calculate differences between the individual 
groups. A P value of less than 0.05 was considered statistically 
significant.

 

RESULTS

MD-2 promoter rs1809441(G/T) and rs1809442(C/G) SNPs 
affect transcription activity

The transcription activity on the MD-2 promoter of SNP No. 
rs1809441/rs1809442 was measured using a promoter assay. 
The effect of MD-2 promoter polymorphism transcription ac-
tivity was analyzed using the transient expression system of a 
luciferase activity assay without Der p 2 stimulation. The sche-
matic diagram of plasmid construct is shown in Fig. 1A. The 
promoter activities of several MD-2 promoter genotypes were 
different, which was significantly higher in MD-2 promoter 
SNPs (rs1809441-T/rs1809442-G) than in those with the geno-
type of (rs1809441-G/ rs1809442-C) (P<0.01) (Fig. 1B). 

The SNPs (rs1809441/rs1809442) of MD-2 promoter were 
searched for the transcription factor-binding site of Trans-act-
ing T-cell-specific transcription factor-3 (GATA-3), based on the 
TFMATRIX transcription factor-binding site profile database 
TFSEARCH version 1.3.16 The sequence fragments of 71 bases 
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were queried with 31 bases of rs1809441/rs1809442. The results 
showed that sequence fragments of rs1809441 highly correlat-
ed with GATA-3, with a score of 91.6. A similarly high correla-
tion score was observed for rs1809442 with GATA-3 (Fig. 1C). 

MD-2 promoter SNPs affect mRNA expressions of Cε and 
GATA-3

To determine whether the MD-2 promoter SNPs (rs1809441/
rs1809442) affect Cε and GATA-3 mRNA expressions, PBMCs 
derived from allergic subjects were cultured with or without 24, 
48, and 72 hours of Der p 2 challenge, followed by mRNA mea-
surement, RT-PCR, and gel analysis presented by representa-
tive data (Fig. 2A). When mRNA expressions of Cε and GATA-3 
were analyzed, both mRNA expressions could be up-regulated 
by Der p 2 in both groups of subjects. There were significantly 
increased expressions of Cε mRNA (Fig. 2B) and GATA-3 (Fig. 

2C) with the Der p 2 challenge after 48-72 hours. The expres-
sions of Cε and GATA-3 were significantly higher in allergic sub-
jects with MD-2 promoter SNPs (rs1809441-T/rs1809442-G) 
compared to MD-2 wild-type (rs1809441-G/rs1809442-C) both 
in the conditions of PBMC cultured with or without Der p 2 
stimulation after 48-72 hours (Fig. 2B and C). 

MD-2 promoter rs1809441(G/T) and rs1809442(C/G) SNPs 
affect mRNA expressions of MD-2, Cε, Iγ1/2-Cμ, IL-8, and IL-1β

To determine whether the MD-2 promoter SNPs (rs1809441/
rs1809442) affect MD-2 mRNA expression, PBMCs derived 
from allergic subjects were cultured with or without Der p 2, 
followed by mRNA measurement. There was a significant in-
crease in MD-2 mRNA expression in subjects with MD-2 pro-
moter SNP mutants, and the increase could be further up-regu-
lated by Der p 2 (Fig. 3).

Fig. 1. Effects of MD-2 promoter SNPs on transcription activity. (A) The promoter activity was investigated using a reporter gene assay system. A total of 5 plasmid 
constructs were prepared by inserting different genotypes of the MD-2 gene promoter region into a pGL3-Basic vector, which contained a promoterless (pGL3-basic), 
or genotype of CC (rs1809442) GG (rs1809441), or a single mutant genotype of CG and GT, or a combined mutant genotype of GG and TT, or a positive control of SV-
40 promoter. (B) Relative luciferase activity (RLA) was assayed in epithelium cells (BEAS-2B) transfected with different plasmid constructs without Der p 2 stimula-
tion. Luciferase activity was normalized for transfection efficiency using a control plasmid (pGL3-Basic). Results are expressed as the fold increase in RLA of the 
MD-2 promoter construct vector as compared to pGL3-Basic. The values of luciferase activity are expressed as means±SD of the results from each group (n=5).  
*P<0.05 compared to the MD-2 promoter genotype of rs1809441-G/rs1809442-C constructs; **P<0.01 compared to the MD-2 promoter genotype of rs1809441-G/
rs1809442-C constructs. (C) The scoring scheme was performed by simple routine searches highly correlated sequence fragments versus TFMATRIX transcription 
factor binding site profile database. Score=100.0* (‘weight sum’ - min)/( max-min); *, sequence position of SNP rs1809441; #, sequence position of SNP rs1809442. 
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When mRNA and mRNA expressions of Cε and Iγ1/2-Cμ were 
measured, there was a significantly increased expression of Cε 
mRNA (Fig. 4A) and a significantly decreased expression of 
Iγ1/2-Cμ mRNA expression (Fig. 4B). These expressions were 
not affected by Der p 2 in any of the subjects with or without 
MD-2 promoter SNPs (rs1809441/rs1809442) (Fig. 4).

When the mRNA expressions of IL-1β and IL-8 were mea-
sured, the expression of IL-8 was higher in subjects with MD-2 
promoter SNP mutations compared to the wild type, and both 
IL-1β and IL-8 could be up-regulated by Der p 2 in both groups 
of subjects. In comparison to the wild type, there were signifi-
cantly higher expression levels in subjects with MD-2 promoter 
SNPs (rs1809441/rs1809442) after Der p 2 stimulation, although 
both IL-1β and IL-8 were up-regulated by Der p 2 (Fig. 5).

MD-2 promoter rs1809441(G/T) and rs1809442(C/G) SNPs 
affect cytokine secretion 

Next, we determined whether MD-2 promoter SNPs (rs 
1809441/rs1809442) affect cytokine secretion. A total of 18 sub-
jects were included in this study; 10 of whom had MD-2 pro-
moter SNPs, but 8 did not. PBMCs were cultured with or with-
out Der p 2 and LPS for 3 days, and the supernatants were col-

Fig. 2. The mRNA expressions of ε heavy chain of IgE (Cε) and GATA-3 in PBMCs from subjects with the SNP rs1809441/42 mutant and wild genotypes were evalu-
ated using reverse-transcriptase polymerase chain reaction (RT-PCR). (A) The 0, 24, 48, and 72 represent the time points (hours) after allergen rDer p 2 (10 µg/mL) 
challenge. The GAPDH expression acted as an internal-control. (B) The Cε expression was evaluated using RT-PCR. Data are expressed as mean of each group. Me-
dium, detected without allergen challenge; Der p 2, detected after rDer p 2 (10 µg/mL) challenge. (C) The expression of the transcription factor GATA-3 was evaluat-
ed using RT-PCR; **P<0.05 compared between the MD-2 promoter SNPs (+) and SNPs (-) under medium only; ***P<0.01 compared between MD-2 promoter SNPs 
(+) and SNPs (-) under Der p 2 (10 µg/mL) challenge. ##P<0.05 compared between medium and rDer p 2 (10 µg/mL) challeges in the group of MD-2 promoter SNPs (+).
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lected for cytokine measurement using multiplex Enzyme-
Linked Immunosorbent assays (ELISA). The results showed 
that there was a significantly higher level of IL-8 in subjects with 
MD-2 promoter SNPs (rs1809441/rs1809442) without stimula-
tion. The levels of IL-1β, IL-6, IL-10, and TNF-α were up-regu-
lated after Der p 2 stimulation in subjects with MD-2 promoter 
SNPs (rs1809441/rs1809442) (Table 1). 

When cytokine secretion was compared between subjects 
with and without MD-2 promoter SNPs (rs1809441/rs1809442), 
the levels of IL-6, IL-8, and IL-10 were significantly higher in 
subjects with MD-2 promoter SNPs by Der p 2 stimulation. 
PBMCs stimulated with LPS showed a significant increase in 
IFN-γ and decrease in IL-4 in subjects with MD-2 promoter 
SNP mutations (Table 2). 

Fig. 4. The SNPs of the MD-2 promoter affect Cε and Iγ1/2-Cμ mRNA expressions in PBMCs. The expressions of ε heavy chain of IgE (Cε) and Iγ1/2-Cμ mRNA were 
evaluated using RT-PCR. Data are expressed as mean of each group. Medium, detected without treatment; Der p 2, detected after the rDer p 2 (10 µg/mL) challenge; 
LPS, detected after LPS (100 ng/mL) treatment. ##P<0.05 compared between the MD-2 promoter SNPs (+) and SNPs (-) under different treatments. 
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tween medium and rDer p 2 challenge; **P<0.05 compared between the MD-2 promoter SNPs (+) and SNPs (-) under medium only; ***P< 0.01 compared between 
MD-2 promoter SNPs (+) and SNPs (-) under Der p 2 (10 µg/mL) challenge. 
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MD-2 promoter SNPs (rs1809441/rs1809442) affect the 
binding affinity of GATA-3 and TH2 cytokine expression

In order to clarify whether and how MD-2 promoter SNPs af-
fect the binding affinity of GATA-3, and then affect the MD-2 
promoter activity, the human promyelocytic leukemia cell line 

(HL-60) and human monocytes derived from donor’ PBMCs 
(allergic and non-allergic subjects) were employed. The bind-
ing activity of GATA-3 to these MD-2 promoter SNPs was ana-
lyzed by EMSA using an oligonucleotide containing the tan-
dem GATA motif (-136 to -161). The functional contribution of 
interactions between GATA-3 and allergen Der p 2 to MD-2 
promoter activation, the binding complex was detected with 
the GATA motif (-136 to -161) probe. The binding activity of 
transcription factor-GATA-3 induced by Der p 2 (1.5 μg/mL) 
was in a time-dependent manner (0-8 hours) with the human 
promyelocytic leukemia cell line HL-60 (Fig. 6A), suggesting 
that there was a stimulatory effect of Der p 2 on the binding ac-
tivity of GATA-3 after 4 hours. Furthermore, the monocytes de-
rived from subjects with or without MD-2 promoter SNPs were 
collected to analyze differences in responses to Der p 2 be-
tween different genotypes. There was an obviously enhanced 
binding affinity of GATA-3 in subjects with MD-2 promoter 
SNPs (rs1809441-T/rs1809442-G) than in those with the geno-
type (rs1809441-G/rs1809442-C) after Der p 2 stimulation, sug-
gesting that subjects with MD-2 promoter SNPs display more 
effective responses to Der p 2 in the binding activity of GATA-3 
(Fig. 6B). The results of flow showed that more increased per-
centages of IL-4+/CD4+ cells after Der p2 stimulation were ob-
served in subjects (patient Nos. 3 and 4) with MD-2 promoter 
SNPs (rs1809441-T/rs1809442-G) (+) than in those with SNPs 

Table 1. Differences in cytokine secretion with and without Der p2 and LPS

Cytokines 
(pg/mL) gp 

M rDer p 2 LPS P

N Mean SEM N Mean SEM N Mean SEM rDp2 vs LPS vs M rDp2 vs LPS

IL1-β 1.00 10 5.26 2.82 10 105.67 73.03 10 213.86 142.70 0.005 0.022 0.005 
2.00 8 11.07 8.74 8 3.44 1.36 8 23.02 8.24 0.208 0.025 0.161 

IL6 1.00 10 137.51 71.89 9 4,486.47 2,322.22 6 11,927.20 3,121.73 0.008 0.080 0.028 
2.00 7 61.13 28.44 8 237.54 84.18 6 4,183.35 2,809.11 0.018 0.116 0.043 

IL8 1.00 10 4,396.72 2,917.44 8 11,523.68 2,949.08 7 18,522.35 3,557.61 0.017 0.043 0.043 
2.00 7 1,026.71 279.15 7 5,352.49 1,448.59 6 13,329.45 4,467.66 0.018 0.116 0.028 

IL10 1.00 10 3.15 1.31 10 132.66 104.01 10 262.51 121.58 0.005 0.007 0.005 
2.00 8 12.82 11.34 8 2.04 0.63 8 53.98 20.13 0.779 0.017 0.093 

TNF-α 1.00 10 5.26 1.12 10 390.43 161.93 10 1,153.34 298.29 0.007 0.059 0.005 
2.00 8 709.66 704.79 8 153.41 111.45 8 1,370.82 583.45 0.237 0.050 0.123 

IL4 1.00 10 0.38 0.13 10 0.54 0.11 10 0.21 0.06 0.237 0.016 0.225 
2.00 8 0.85 0.22 8 0.79 0.25 8 0.91 0.36 0.753 0.600 0.684 

IFN-γ 1.00 10 15.62 4.99 10 26.74 4.81 10 69.17 44.98 0.110 0.767 0.051 
2.00 8 38.10 12.45 8 55.88 34.01 8 127.71 44.87 0.889 0.017 0.025 

IL13 1.00 10 9.91 2.34 10 13.14 3.89 10 10.56 2.34 0.208 0.953 0.214 
2.00 8 2.65 0.24 8 7.76 5.33 8 7.75 2.89 0.833 0.161 0.012 

Eotaxin 1.00 10 28.31 5.37 10 29.56 5.99 10 21.68 6.04 0.859 0.314 0.260 
2.00 8 27.60 7.11 8 24.98 7.18 8 30.01 9.76 0.499 1.000 0.600 

P for the Wilcoxon Signed Ranks Test; M, medium without stimulation; rDer p 2, stimulation with rDer p 2 (10 µg/mL) for 3 days; LPS, stimulation with LPS (100 ng/
mL) for 3 days; gp1, MD-2 promoter SNPs (rs1809441-T/rs1809442-G); gp2 MD-2 promoter wild-type (rs1809441-G/rs1809442-C).

Table 2. Comparison between subjects with and without MD-2 promoter SNPs 
(rs1809441/rs1809442)

P for the Mann-Whitney Test 
gp1 vs gp2

M rDer p 2 LPS

IL6 0.536 0.002 0.132 
IL8 0.740 0.029 0.366 
IL10 0.965 0.016 0.068 
Eotaxin 1.000 0.633 0.633 
IFN-g 0.055 0.897 0.027 
IL1-b 0.696 0.146 0.408 
IL13 0.016 0.055 0.360 
IL4 0.122 0.633 0.012 
TNF-a 0.696 0.146 0.573 

P for the Mann-Whitney Test; M, medium without stimulation; rDer p 2, stimu-
lation with rDer p 2 (10 µg/mL) for 3 days; LPS, stimulation with LPS (100 ng/
mL) for 3 days; gp1, MD-2 promoter SNPs (rs1809441-T/rs1809442-G); gp2, 
MD-2 promoter wild-type (rs1809441-G/rs1809442-C).
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(-) (rs1809441-G/rs1809442-C). The percentage of IL-4+/CD4+ 
cells in subjects (patients Nos. 3 and 4) were 10.65% and 
15.95%, respectively, before Der p 2 stimulation, and then 
30.00% and 28.99%, respectively, after the Der p 2 stimulation, 
suggesting that MD-2 promoter SNPs (rs1809441/rs1809442) 
may affect the binding affinity of GATA-3 and TH2 cytokine ex-
pression.

DISCUSSION

In our previous study, the minor allele frequency of the MD-2 
promoter SNPs (rs1809441-T/rs1809442-G) was 0.30 in allergic 
subjects and 0.17 in healthy subjects. The T allele of rs1809441 
and the G allele of rs1809442 were found to be significantly 
higher in allergic subjects compared to healthy subjects 
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Fig. 6. MD-2 promoter SNPs (rs1809441/rs1809442) affect the binding affinity of GATA-3 and TH2-cytokine expression. The binding activity of GATA-3 and TH2-cyto-
kine expression were analyzed by electrophoretic mobility shift assay (EMSA) and flow cytometry, respectively. The human promyelocytic leukemia cell line (HL-60) 
and human monocyte derived from donor’ PBMCs were employed for GATA-3 binding activity. The binding activity of GATA-3 to these MD-2 promoter SNPs was an-
alyzed by EMSA using an oligonucleotide containing the tandem GATA motif (-136 to -161). (A) The binding activity of the transcription factor GATA-3 was induced by 
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(P<0.05).12 In this study, PBMCs with MD-2 promoter SNPs 
(rs1809441/rs1809442) were found to have an increased ex-
pression of MD-2 and increased secretion of inflammatory cy-
tokines by Der p 2 stimulation. These results indicate that SNPs 
may be associated with the development of MD-2-related in-
flammatory diseases. This finding is similar to that of a previous 
study reporting that SNPs in MD-2 promoter increases MD-2 
mRNA production, which correlates with the incidence of sep-
sis after major trauma.13

Mechanisms underlying the up-regulation of MD-2 expres-
sion by Der p 2 cannot be simply due to the structural homolo-
gy of Der p 2 and MD-2. Der p 2-associated allergic diseases are 
Th2-dependent, and Th2-cell activation has been shown to be 
associated with GATA-3 gene expression. Based on the TRANS-
FAC MATRIX TABLE transcription factor binding site database, 
sequence fragments of rs1809441 and rs1809442 highly corre-
late with binding to the transcription site of GATA-3. These re-
sults suggest that Der p 2 may trigger MD-2 promoter, followed 
by activation of GATA-3 and Th2 cells. MD-2 has been reported 
to play an important role as a cofactor with cell surface TLR-4 
and in the recognition of LPS, and group 2 allergenic compo-
nents of HDM Der p 2 have been reported to serve as an acces-
sory protein in TLR-4 signaling. Therefore, both LPS and Der p 
2 may affect host cells synergistically. In our PBMC mRNA ex-
pression study, IL-1β and IL-8 were up-regulated by Der p 2 in 
all subjects, and especially in those with 2 SNP mutants, sug-
gesting that Der p 2 can trigger innate responses in subjects 
with susceptible MD-2 promoter. The PBMC activation and cy-
tokine (IL-1β and IL-8) release augmented by Der p 2 in these 
subjects may also have been attributed to the overexpression of 
MD-2. Similar findings have been reported in which MD-2 ex-
pression was up-regulated by Der p 2 in B cells,10 which indi-
cates that the up-regulation of cytokine (IL-1β and IL-8) release 
may be due to an increased expression of MD-2. 

When Cε and Iγ1/2-Cµ mRNA expressions were analyzed, 
there was no significant augmentation by Der p 2, although the 
mRNA level of Cε was higher and the level of Iγ1/2-Cµ was low-
er in subjects with MD-2 promoter SNPs. Therefore, Der p 
2-triggered MD-2/TLR4 signaling may only play a partial role in 
Der p 2-specific IgE synthesis. Other TLR signaling pathways, 
such as TLR-2 signaling, and other susceptible genes may also 
be involved in Der p 2-induced B-cell activation and IgE syn-
thesis. According to data from a publicly available database 
(dbSNP, http://www. ncbi.nlm.nih.gov/SNP), allelic frequen-
cies of genetic variations in the MD-2 or FcεRIα gene promoter 
region from individuals of different ethnicity are not identical 
(for example, re1809440 C-allele: 0.479 in African Americans 
and 0.325 in Europeans). These differences may result in di-
verse genetic roles of these polymorphisms in different popula-
tions with regards to occurrence of certain diseases. Therefore, 
additional studies are needed to clarify the precise role of these 
polymorphisms in the pathogenesis of Der p 2 allergy and spe-

cific IgE synthesis.
Inconsistent findings on the relationship between exposure to 

endotoxin and allergic asthma have been reported. It has been 
hypothesized that LPS can trigger a Th1 response and avoid 
Th2 prime allergic inflammation. A recent meta-analysis of the 
association between endotoxin exposure and wheezing/asth-
ma in children reported a positive association between endo-
toxin concentration and wheezing in young children, and an 
inverse association in older children.17

In our cytokine secretion study, PBMCs derived from subjects 
with MD-2 promoter SNPs (rs1809441/rs1809442) responded 
differently from those derived from wild type MD-2. Der p 2 
could selectively modulate the secretion of the cytokines IL-6, 
IL-8, and IL-10, and LPS could up-regulate IFN-γ and down-
regulate IL-4 secretion, indicating that LPS can prevent Th2-
prone allergic responses and that Der p 2 may initiate innate in-
flammatory responses and contribute to allergic reactions. 
These findings suggest that both LPS and Der p 2 can trigger in-
flammatory responses. However, the predetermined genetic 
background may also play a role in the pathogenesis of allergic 
inflammation.

It has been reported that the allergenicity of Der p 2 and func-
tional mimicry with MD-2 can facilitate signaling through di-
rect interactions with the TLR4 complex in the absence of MD-
2. It has also been reported that allergens from HDMs can in-
duce asthma via TLR4 that triggers airway structural cells to 
produce innate inflammatory cytokines. This suggests that Der 
p 2 may activate structural cells directly through its interaction 
with TLR4 or indirectly through up-regulation of MD-2.18,19 In 
our study, the significantly higher levels of cytokine secretion 
were found in PBMCs derived from subjects with MD-2 pro-
moter SNPs (rs1809441-T/rs1809442-G) compared to those 
with the wild type (rs1809441-G/rs1809442-C). Der p 2 could 
also up-regulate the expression of MD-2. These results suggest 
that Der p 2 can render PBMCs vulnerable to activation by en-
vironmental pathogen endotoxins. It has been reported that the 
main mite allergen Der p 2 is structurally homologous to MD-2 
(also named as LY96 and a molecule required for LPS binding 
to TLR-4).8 For this reason, Der p 2 induces allergic inflamma-
tion in a TLR4-dependent but MD2-independent manner 
through activation of airway epithelial cells and production of 
TH2-associated cytokines.8 In addition, the master regulator of 
transcription factor for TH2-cell differentiation is GATA-3, which 
promotes TH2 responses through induction of TH2-cytokine 
production, selective growth of TH2 cells, and inhibition of TH1 
cell-specific factors.20,21 In this study, the expressions of Cε and 
GATA-3 in PBMCs derived from allergic subjects were signifi-
cantly higher in allergic subjects with MD-2 promoter SNPs 
(rs1809441-T/rs1809442-G) when compared to those with 
MD-2 wild-type (rs1809441-G/rs1809442-C) both in the condi-
tions of PBMC cultured without and with Der p 2 stimulation. 
This suggests that MD-2 promoter SNPs may be associated with 
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highly increased expression of the transcription factor GATA-3 
and enhanced TH2 cell differentiation.

In conclusion, the results of this study suggest that high secre-
tion levels of proinflammatory cytokines may be predeter-
mined by MD-2 promoter SNPs (rs1809441/rs1809442), which 
are further up-regulated by Der p 2 and that both genetic and 
environmental factors can synergistically contribute to allergic 
inflammation.
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