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Abstract Asthma and atopy have a complex background
that may result from the interaction of genes and the
environment. Interleukin (IL)-10 is known to play various
roles in immune-regulating and anti-inflammatory respon-
ses. The aim of this study was to evaluate the possible
effect of the IL-10 promoter polymorphisms on suscepti-
bility to childhood asthma. We recruited 333 patients with
atopic asthma, 55 with nonatopic asthma, and 248 normal
controls. We performed a genetic association study of
three genetic polymorphisms (IL-10 —1082A>G, IL-10
-819T>C, and IL-10 -592A>C) of the IL-10 promoter.
There was no difference between atopic asthma, nonatopic
asthma, and normal controls with respect to allele, geno-
type, or haplotype frequencies of these IL-10 polymor-
phisms. However, the —1082A>G polymorphism and
ATA haplotype in the IL-10 promoter gene were associ-
ated with airway hyper responsiveness (AHR) and the
-819T>C, -592A>C, and ATA and ACC haplotypes were
also shown to be related to serum eosinophil cationic
protein (ECP). Our results suggest that the polymorphisms
within the IL-10 promoter may have a disease-modifying
effect in the asthmatic airway.
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Introduction

Asthma is a chronic airway inflammatory disease charac-
terized by variable airflow obstruction and airway hyper
responsiveness (AHR) [1]. Asthma and atopy have a
complex background that may result from the interaction of
genes and the environment. Among various immunological
factors, regulatory T (Treg) cells are known to play a key
role in balancing immune responses to maintain and
acquire tolerance against allergens [2]. Treg cells contrib-
ute to development and persistence of allergic disease
through various proteins, including interleukin (IL)-10.

IL-10 is produced by Th2 lymphocytes, monocytes, and
epithelial cells. It is known to play various roles in immune-
regulating and anti-inflammatory responses. Several poly-
morphic sites within the promoter region of the IL-10 gene
have been described, and three single nucleotide polymor-
phisms (SNPs) at positions —1082, —819, and —592 from
the transcription initiation site have been identified [3]. The
—1082 SNP is a G-to-A substitution and lies within a puta-
tive transcription factor binding site [4]. The —1082G allele
is known to be associated with high in vitro IL-10 production
[3]. The —819 SNP presents a dimorphic polymorphism, a
C-to-T substitution, and may affect an estrogen-responsive
element [5]. The —592 SNP is a C-to-A substitution and lies
within a region with a negative regulatory function [4].
These polymorphisms exhibit strong linkage disequilibrium
and appear in three potential haplotypes: GCC, ACC, and
ATA. The haplotype GCC has been associated with high
production of IL-10 [6]. Several studies examined the
association of IL-10 polymorphisms with allergic diseases.
However, the results have been inconsistent [7—13].

The aim of this study was to evaluate the possible effect
of the IL-10 promoter polymorphisms on susceptibility to
asthma in Korean children.
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Materials and Methods
Study Subjects

We recruited 395 boys and 186 girls. Among them, 278 had
atopic asthma (AA), 55 had nonatopic asthma (NAA), and
248 were normal controls (NC). We performed spirometry,
methacholine challenge test, and skin test while measuring
the total eosinophil count and the serum levels of total IgE
and eosinophil cationic protein (ECP) in all subjects.

Asthma diagnosis was made in accordance with the
American Thoracic Society (ATS). In short, current asthma
was defined as recurrent wheezing or coughs in the absence
of a cold in the preceding 12 months with a physician’s
diagnosis, and AHR upon methacholine challenge (PC,,
<16 mg/ml) or at least 12% reversibility of forced expi-
ratory volume in 1 s (FEV,) after inhalation of f3, agonist
[14]. Atopy was defined as a positive skin test result to
more than one extract of the common local aeroallergens,
including Dermatophagoides pteronyssinus,
phagoides farinae, cockroach, dog dander, cat dander, and
fungus, and nonatopy was defined as a negative skin test
result and serum IgE concentration less than 100 IU/ml.
Patients treated with systemic corticosteroids because of
asthma exacerbation in the preceding 1 month were
excluded from this study.

Normal controls were age-matched healthy children
who visited the hospital for general health workups and had
no history of wheezing, recurrent or chronic diseases,
infection during the preceding 2 weeks, or hypersensitivity
to methacholine. Normal controls were also nonatopy and
did not take any medications. Written consent was obtained
from all participants before enrollment in the study, which
had been previously approved by the Severance Hospital
Institutional Review Board.

Dermato-

Polymerase Chain Reaction Amplification
and Genotyping

Genomic DNA was extracted from whole blood of all
study subjects using a FlexiGene DNA kit (Qiagen,
Valencia, CA, USA). The PCR restriction fragment length
polymorphism (RFLP) method was used to determine the
genotypes of patients and controls for the target polymor-
phisms [15].

The IL-10 —592 genotype was determined by using an
Rsal site introduced with a mismatch into the PCR primer
next to the A/C transition. Amplification with the primers
-592 S: 5'-cct agg tca cag tga cgt gg-3' and —592 AS:
5'-ggt gag cac tac ctg act agc-3’ generated a 412-bp
product. Digestion with Rsal (New England BioLabs,
Ipswich, MA, USA) yields 176- and 236-bp fragments
when A is at position —592.
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The IL-10 —819 genotype was determined by using a
MaellI site introduced with a mismatch into the PCR pri-
mer next to the T/C transition. Amplification with the
primer —819 S: 5'-tca ttc tat gtg ctg gag atg g-3’ and —-819
AS: 5'-tgg ggg aag tgg gta aga gt-3' generated a 209-bp
product. Digestion with Maelll (Roche Diagnostics, Indi-
anapolis, IN, USA) yields 125- and 84-bp fragments when
T is at position —819.

The IL-10 —1082 genotype was determined by using a
Mnll (New England BioLabs) site introduced with a mis-
match into the PCR primer next to the G/A transition.
Amplification with the primer —1082 S: 5'-ctc gct gca acc
caa ctg gc-3' and —1082 AS: 5'-tct tac cta tcc cta ctt cc-3’
generated a 139-bp product. Digestion with Mnll yields
106- and 33-bp fragments when G is at position —1082.

Genomic DNA was amplified in a 25-pl PCR reaction
under the following cycling conditions: denaturation at
94°C for 2 min followed by 35 cycles of denaturation at
94°C for 30 s, annealing at 58°C for 45 s, and extension
at 72°C for 1 min. This was followed by final extension at
72°C for 10 min in a thermal cycler (model 9700; Perk-
inElmer, Foster City, CA, USA). For amplification of the
IL-10 —1082 polymorphism, an initial activation step of
95°C for 15 min preceded the cycling program, and
annealing at 55°C in a cycling program. Amplified PCR
products were digested with a restriction enzyme and
analyzed on a 3% agarose gel stained with ethidium
bromide.

Spirometry and Methacholine Challenge Test

Spirometry (VIASYS Healthcare Inc., Conshohocken, PA,
USA) was performed and flow volume curves were
obtained according to the ATS guidelines before and after
bronchodilator inhalation [16].

A methacholine challenge test was performed according
to a standard procedure [14]. Each subject inhaled
increasing concentrations of methacholine (0.075, 0.15,
0.31, 0.62, 1.25, 2.5, 5, 10, 25, and 50 mg/ml) nebulized by
a Mefar MB3 dosimeter (Brescia, Italy) until FEV; was
reduced by 20% from a postnebulized saline value. Bron-
chial response to methacholine was expressed as a pro-
vocative concentration causing a 20% decrease in FEV,
(PC5p in mg/ml) and was calculated by linear interpolation
of the log dose-response curve.

Measurement of Blood Eosinophil Count, Serum Total
IgE, and Eosinophil Cationic Protein

Peripheral venous blood was collected from patients and
control subjects. An eosinophil count was performed on an
aliquot of the whole venous blood using the NE-8000
system (Sysmex, Kobe, Japan.) The serum fraction was
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then separated from whole blood and serum total IgE and
ECP were measured using the CAP system (Pharmacia-
Upjohn, Uppsala, Sweden).

Statistical Analysis

A y* test was used to detect a significant departure in
genotype frequency from the Hardy-Weinberg equilibrium
at each single nucleotide polymorphism (SNP) and assess
differences in genotype frequency between patients and
controls. Logistic regression models were used for analyses
of SNPs and haplotypes, controlling age and sex as
covariates with three alternative models: codominant,
dominant, and recessive. Haplotypes of the IL-10 promoter
gene were analyzed using Haploview ver. 2.05 based on an
EM algorithm [17]. Linkage disequilibrium between loci
was measured using the absolute value of r* [18]. Differ-
ences in the mean value of the phenotypic characteristics
were compared using an ANOVA test and Student’s #-test.
Statistical analyses were undertaken using SPSS ver. 18
(SPSS Inc., Chicago, IL, USA). P values < 0.05 were
considered to be significant.

Results

Subject Characteristics

Clinical characteristics of the study subjects are summa-
rized in Table 1. Blood eosinophils, serum ECP, and total
IgE were higher in AA than in NAA or NC (P < 0.01).

Baseline FEV; was lower in AA than in NC (P < 0.01).

Allele and Genotype Frequencies of IL-10 Promoter
Gene

We performed a genetic association study of three genetic

polymorphisms (IL-10 —1082A>G, IL-10 —819T>C,
IL-10 —592A>C) of the IL-10 promoter. Table 2 shows the

Table 1 Clinical characteristics of the study subjects

allele and genotype frequencies of three polymorphisms in
the three groups of children. Overall, the results showed
Hardy-Weinberg equilibrium in each subgroup. There is no
difference among AA, NAA, and NC in allele or genotype
frequencies of these IL-10 polymorphisms (Table 2).

Haplotype Frequencies of IL-10 Promoter Gene

The three polymorphisms in the IL-10 promoter gene were
in linkage disequilibrium (ID'I=1), and three common
haplotypes were constructed using the EM algorithm
(Table 3). A haplotype with estimated frequencies below
0.05 were not included in either analysis. The frequency of
the IL-10 promoter haplotypes ATA, ACC, and GCC was
63.9, 24.7, and 6.2%, respectively. There is no difference in
the three haplotypes and their genotype distributions
between AA, NAA, and NC (Tables 3 and 4).

Association of IL-10 Promoter Polymorphisms
with Airway Hyper responsiveness

We examined the association of IL-10 promoter polymor-
phisms with AHR represented by methacholine PC,y. The
homozygous AA genotype group of IL-10 —1082A>G
showed significantly lower PC,, when compared with
combined homozygous GG genotype and heterozygous AG
genotype in asthmatic children (P = 0.014, Table 5). The
ATA haplotype group showed lower PC,, compared with
the GCC haplotype group in children with asthma (P =
0.027, Fig. 1a).

Association of IL-10 Promoter Polymorphisms
with Serum ECP

We examined the association of IL-10 promoter polymor-
phisms with serum ECP in asthmatic children. The
homozygous TT genotype group of IL-10 -819T>C
showed lower serum ECP when compared with combined
heterozygous CT genotype and homozygous CC genotype

AA (n =278) NAA (n =55) NC (n = 248) P value
AA vs. NAA AA vs. NC
Age (years) 11.48 £+ 4.06 10.07 &+ 4.35 11.40 &+ 4.33 0.07 0.63
Sex (M) 200 (71.9%) 37 (67.3%) 158 (63.7%) 0.56 0.10
IgE, log IU/ml 2.59 £ 0.53 1.73 £ 042 1.92 + 0.65 <0.01 <0.01
Eosinophil count, log ™! 258 £0.34 236 £0.33 233 £0.39 <0.01 <0.01
ECP, log ng/l 1.20 + 0.47 1.02 £ 0.41 1.01 +£ 045 0.01 <0.01
Baseline FEV,, % predicted 80.25 £+ 13.63 83.98 £ 14.07 91.30 £+ 10.42 0.11 <0.01

AA atopic asthma, NAA nonatopic asthma, NC normal controls, n» number of patients, ECP eosinophil cationic protein, FEV, forced expiratory

volume in 1 s
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Table 2 Allele and genotype frequencies of the IL-10 promoter polymorphisms

Loci Genotype AA (n=278) NAA (n = 55) NC (n = 248) P value*
AA vs. NAA AA vs. NC NAA vs. NC
-1082A>G AA 244 (87.8%) 47 (85.5%) 215 (86.7%) 0.57 0.50 0.92
AG 33 (11.9%) 7 (12.7%) 30 (12.1%) 0.29 0.24 0.87
GG 1 (0.4%) 1 (1.8%) 3 (1.2%) 0.74 0.68 0.96
Allele frequency (gq) 0.06 0.08 0.07 0.57 0.49 0.92
-819T>C TT 132 (47.5%) 23 (41.8%) 113 (45.6%) 0.16 0.68 0.29
TC 116 (41.7%) 22 (40.0%) 108 (43.5%) 0.12 0.90 0.22
CcC 30 (10.8%) 10 (18.2%) 27 (10.9%) 0.38 0.64 0.52
Allele frequency (q) 0.32 0.38 0.33 0.15 0.68 0.28
-592A>C AA 120 (43.2%) 26 (47.3%) 111 (44.8%) 0.80 0.79 0.78
AC 124 (44.6%) 19 (34.5%) 106 (42.7%) 0.23 0.98 0.38
CcC 34 (12.2%) 10 (18.2%) 31 (12.5%) 0.63 0.70 0.82
Allele frequency (q) 0.35 0.36 0.34 0.80 0.78 0.77

AA atopic asthma, NAA nonatopic asthma, NC normal controls, n number of patients, g minor allele frequency

* Each P value was calculated with codominant, dominant, and recessive models. Logistic regression analysis was applied to control age and sex

as covariables

Table 3 Haplotype frequencies of the IL-10 promoter gene

Haplotype AA NAA NC P value*
AA vs. NAA AA vs. NC NAA vs. NC
Htl (ATA) 0.68 0.63 0.68 0.57 0.65 0.57
Ht2 (ACC) 0.26 0.29 0.26 0.36 0.96 0.36
Ht3 (GCC) 0.06 0.09 0.07 0.34 0.57 0.34

AA atopic asthma, NAA nonatopic asthma, NC normal controls

* Each P value was calculated with codominant, dominant, and recessive models. Logistic regression analysis was used to control age and sex as

covariables

Table 4 Genotype distributions of haplotypes of the IL-10 promoter gene

Haplotype Genotype AA (n =278) NAA (n = 55) NC (n = 248) p value*
AA vs. NAA AA vs. NC NAA vs. NC
Htl (ATA) Ht1/Htl 115 (47.1%) 23 (41.8%) 106 (42.7%) 0.64 0.80 0.64
Htl/- 125 (45.0%) 22 (40.0%) 108 (43.5%) 0.35 0.98 0.54
—/- 38 (13.7%) 10 (18.2%) 34 (13.7%) 1.00 0.74 0.82
Ht2 (ACC) Ht2/Ht2 18 (6.5%) 5 (9.1%) 15 (6.0%) 0.46 0.93 0.49
Ht2/- 102 (36.7%) 20 (36.4%) 92 (37.1%) 0.58 1.00 0.63
—/- 158 (56.8%) 30 (54.5%) 141 (56.9%) 0.46 0.83 0.44
Ht3 (GCC) Ht3/Ht3 1 (0.4%) 1 (0.4%) 3 (1.2%) 0.32 0.36 0.69
Ht3/- 27 (9.7%) 7 (12.7%) 26 (10.5%) 0.43 0.50 0.69
—/- 250 (89.9%) 47 (85.5%) 219 (88.3%) 0.29 0.24 0.87

AA atopic asthma, NAA nonatopic asthma, NC normal controls

* Each P value was calculated with codominant, dominant, and recessive models. Logistic regression analysis was applied to control age, sex as

covariables
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Table 5 Clinical characteristics according to the IL-10 promoter polymorphisms within asthmatics

Loci Genotype FEV; (%, predicted) PCy (log mg/ml) IgE (log IU/ml) Eosinophil count (log/ul) ECP (log pg/l)
-1082A>G AA 80.94 £+ 13.19 0.19 + 0.62 2.45 £+ 0.60 2.55 +£0.35 1.18 + 0.47
AGor GG 8232 4+ 12.74 0.44 + 0.53 2.40 £+ 0.62 2.56 £+ 0.40 1.10 &+ 0.47
P value 0.550 0.014 0.633 0.817 0.305
-819T>C T 81.03 £ 12.75 0.18 + 0.62 2.47 £ 0.59 2.56 £ 0.36 1.11 + 0.49
TC or CC 81.19 £ 13.46 0.26 £+ 0.61 243 £ 0.61 254 £0.35 1.22 £ 045
P value 0.916 0.232 0.525 0.571 0.030
-592A>C AA 80.41 £ 13.24 0.18 £+ 0.63 243 £ 0.62 2.55£0.35 1.10 £ 0.49
ACor C 81.66 £ 13.03 0.26 + 0.60 2.46 £+ 0.59 2.55 +£0.35 1.22 + 045
P value 0.426 0.254 0.627 0.933 0.021
FEV, forced expiratory volume in 1 s, ECP eosinophil cationic protein
Fig. 1 Airway hyper A P=0.027 B
responsiveness and serum 1
eosinophil cationic protein in 501 NS NS ! 15 P=0.001 P=0.023
asthma, with children stratified T
by interleukin (IL)-10 promoter 9 apd =
haplotype E 2
=) o
£ = I
= ] %
g I S
ﬁ w
Q T £
& 204 E T: w
@
n
1.0 : - : 1.0 :
ATA ACC GCC ATA ACC GCC

(P = 0.03). The homozygous AA genotype group of IL-10
—592A>C also showed lower serum ECP when compared
with combined heterozygous AC genotype and homozy-
gous CC genotype (P = 0.021, Table 5).

The ACC haplotype group showed higher serum ECP
compared with the ATA haplotype (P = 0.001) and the
GCC haplotype group (P = 0.023, Fig. 1b). In the geno-
typic distributions of haplotype 1 (ATA/ATA, ATA/-,
—/-), serum ECP was lower in the ATA/ATA group than in
the —/— group (P = 0.01, Fig. 2a). In the genotypic distri-
butions of haplotype 2 (ACC/ACC, ACC/-, —/-), serum

ECP was higher in the ACC/ACC group than in the ACC/-
group (P = 0.004) and the —/— group (P = 0.001, Fig. 2b).

Discussion

In this study, three single nucleotide polymorphisms (IL-10
-1082A>G, IL-10 —819T>C, IL-10 —592A>C) in the
promoter region of the IL-10 gene were investigated to
establish the role of IL-10 in susceptibility to asthma and
atopy in Korean children. There was no difference between

Fig. 2 Serum eosinophil A B P=0.001
cationic protein in asthma, with | P=0.004 NS
children stratified by genotype 157 P=0.010 161 I
distributions of haplotypes of |
the interleukin (IL)-10 promoter < 144 S NS " 1.5
gene 2 3
o 141
2 43 E
o -
o
8 S 18
g 12 T w
.(i 5 1.2 i
w| 3 I
1.1
1.0 T T T 1.0 . r T
ATA/ATA ATA/- - ACCIACC ACCI- f-
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AA, NAA, and NC in allele, genotype, or haplotype fre-
quencies of these IL-10 polymorphisms. However, the
—1082A>G polymorphism and ATA haplotype in the
IL-10 promoter gene were associated with AHR, and
the —-819T>C, -592A>C, and ATA and ACC haplotypes
were also shown to be related to serum ECP.

IL-10 expression might be important for the inflamma-
tory cascade and regulation of the airway tone after allergic
sensitization and challenge in asthma [19, 20]. Therefore,
low levels of IL-10 might be associated with the patho-
genesis of asthma, especially severe atopic asthma [19]. On
the other hand, it has been shown that asthma has a com-
plex immune mechanism, and there are numerous inter-
actions among inflammatory mediators. For example, the
serum human leukocyte antigen (HLA)-G level was high
and the serum IL-10 level was low in patients with atopic
asthma [21]. Although these polymorphisms have been
reported to influence IL-10 expression, there are still con-
flicting findings regarding their direct associations [22, 23].
A potential reason for these inconsistent results is that there
are gene-to-gene and gene-to-environment interactions.

Nevertheless, it has been reported that the IL-10 pro-
moter gene SNP may affect the pathogenesis of allergic
diseases. The IL-10 —1082A>G, IL-10 -819T>C and IL-10
-592A>C polymorphisms were associated with asthma,
and their interactions with genes involved in the vitamin D
pathway affected an asthma risk, but the effects were not
uniform across populations [24]. The IL-10 —1082A>G
polymorphism might affect asthma inception and also can
modify the allergenecity of dust mite exposure, but this
association was not replicated in another study [25].
Another recent study about SNPs in genes involved in the
development and function of Treg cells showed that the
IL-10 -819T>C and -592A>C polymorphisms were
associated with asthma in patients aged 6-8 years, but the
analyses of gene-to-gene interactions did not show any
association with asthma and atopy [26]. In our previous
study, we showed that the —-819T>C and -592A>C poly-
morphisms in the IL-10 promoter gene were associated
with susceptibility to atopic dermatitis (AD) and blood
eosinophil count [11]. The ATA haplotype is also associ-
ated with susceptibility to atopic eczema [11]. However,
we did not show that there was any association between
IL-10 promoter SNPs and asthma susceptibility in this
study. The main reasons for such discrepancies may be the
phenotype heterogeneity, ethnic differences, or various
environmental exposures.

Recent reports on patients with AD suggested that IL-10
genotype or haplotype was associated with eosinophil
counts and total serum IgE [8, 10, 11]. However, IL-10
genotype or haplotype had no significant effect on serum
IgE or eosinophil counts in our study on asthmatic children.
Although IL-10 promoter polymorphisms had no direct
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effect on eosinophil counts, the IL-10 —-819T>C and -592
polymorphisms and ACC haplotype and its genotypic
distributions had a significant effect on serum ECP.

The AA genotype showed more AHR than AG or GG
genotype of —1082A>G. The -1082A polymorphism
exhibited significantly less promoter activity than —1082G
[12]. The ATA haplotype group represented more AHR
than other groups in our study. The ATA haplotype has
also been associated with lower transcriptional activity
than the other haplotypes, with low IL-10 production [27,
28], and low expression of the IL-10 gene is thought to
favor asthma susceptibility. So our results are partly con-
sistent with those of previous reports, although IL-10
promoter polymorphisms did not show any association
with asthma susceptibility. We showed the association
between asthma and IL-10 polymorphisms in Korean
children for the first time, while we analyzed three candi-
date polymorphisms without full gene screening of IL-10
in relatively small subjects.

In conclusion, there was no significant difference in
allele, genotype, and haplotype frequencies among IL-10
-1082 G/A, -819 T/C, and -592 A/C polymorphisms in
children with asthma. However, AHR and serum ECP are
associated with genotype or haplotype frequencies and the
genotype distributions of the IL-10 gene promoter region.
The polymorphisms within the IL-10 promoter may have a
disease-modifying effect in the asthmatic airway.

Acknowledgments This study was supported by a faculty research
grant from Yonsei University College of Medicine for 2010 (6-2010-
0064), and the Basic Science Research Program through the National
Research Foundation of Korea funded by the Ministry of Education,
Science and Technology (2009-0075056 and 2011-0001173).

Disclosure K. W. Kim, Y.-J. Lee, J. Back, M. H. Sohn, and K.-E.
Kim have no conflicts of interests or financial ties to disclose.

References

1. Meng JF, Rosenwasser LJ (2010) Unraveling the genetic basis of
asthma and allergic diseases. Allergy Asthma Immunol Res
2:215-227

2. Akdis CA, Akdis M (2009) Mechanisms and treatment of allergic
disease in the big picture of regulatory T cells. J Allergy Clin
Immunol 123:735-746 quiz 747-738

3. Turner DM, Williams DM, Sankaran D, Lazarus M, Sinnott PJ,
Hutchinson IV (1997) An investigation of polymorphism in the
interleukin-10 gene promoter. Eur J Immunogenet 24:1-8

4. Kube D, Platzer C, von Knethen A, Straub H, Bohlen H, Hafner
M, Tesch H (1995) Isolation of the human interleukin 10 pro-
moter. Characterization of the promoter activity in Burkitt’s
lymphoma cell lines. Cytokine 7:1-7

5. Lazarus M, Hajeer AH, Turner D, Sinnott P, Worthington J,
Ollier WE, Hutchinson IV (1997) Genetic variation in the inter-
leukin 10 gene promoter and systemic lupus erythematosus.
J Rheumatol 24:2314-2317



Lung (2011) 189:417-423

423

6.

10.

11.

12.

13.

14.

Hoffmann SC, Stanley EM, Darrin Cox E, Craighead N,
DiMercurio BS, Koziol DE, Harlan DM, Kirk AD, Blair PJ
(2001) Association of cytokine polymorphic inheritance and in
vitro cytokine production in anti-CD3/CD28-stimulated periph-
eral blood lymphocytes. Transplantation 72:1444-1450

. Hobbs K, Negri J, Klinnert M, Rosenwasser LJ, Borish L (1998)

Interleukin-10 and transforming growth factor-beta promoter
polymorphisms in allergies and asthma. Am J Respir Crit Care
Med 158:1958-1962

. Karjalainen J, Hulkkonen J, Nieminen MM, Huhtala H, Aromaa

A, Klaukka T, Hurme M (2003) Interleukin-10 gene promoter
region polymorphism is associated with eosinophil count and
circulating immunoglobulin E in adult asthma. Clin Exp Allergy
33:78-83

. Chatterjee R, Batra J, Kumar A, Mabalirajan U, Nahid S,

Niphadkar PV, Ghosh B (2005) Interleukin-10 promoter poly-
morphisms and atopic asthma in North Indians. Clin Exp Allergy
35:914-919

Shin HD, Park BL, Kim LH, Kim JS, Kim JW (2005) Interleukin-
10 haplotype associated with total serum IgE in atopic dermatitis
patients. Allergy 60:1146-1151

Sohn MH, Song JS, Kim KW, Kim ES, Kim KE, Lee JM (2007)
Association of interleukin-10 gene promoter polymorphism in
children with atopic dermatitis. J Pediatr 150:106—108

Kim SH, Yang EM, Lee HN, Cho BY, Ye YM, Park HS (2009)
Combined effect of IL-10 and TGF-betal promoter polymor-
phisms as a risk factor for aspirin-intolerant asthma and rhinos-
inusitis. Allergy 64:1221-1225

Hakonarson H, Bjornsdottir US, Ostermann E, Arnason T,
Adalsteinsdottir AE, Halapi E, Shkolny D, Kristjansson K,
Gudnadottir SA, Frigge ML, Gislason D, Gislason T, Kong A,
Gulcher J, Stefansson K (2001) Allelic frequencies and patterns
of single-nucleotide polymorphisms in candidate genes for
asthma and atopy in Iceland. Am J Respir Crit Care Med
164:2036-2044

Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL,
Irvin CG, MacIntyre NR, McKay RT, Wanger JS, Anderson SD,
Cockcroft DW, Fish JE, Sterk PJ (2000) Guidelines for metha-
choline and exercise challenge testing-1999. Am J Respir Crit
Care Med 161:309-329

. Edwards-Smith CJ, Jonsson JR, Purdie DM, Bansal A, Short-

house C, Powell EE (1999) Interleukin-10 promoter polymor-
phism predicts initial response of chronic hepatitis C to interferon
alfa. Hepatology 30:526-530

. American Thoracic Society (1995) Standardization of spirometry,

1994 update. Am J Respir Crit Care Med 152:1107-1136

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Barrett JC, Fry B, Maller J, Daly MJ (2005) Haploview: analysis
and visualization of LD and haplotype maps. Bioinformatics
21:263-265

Hedrick PW (1987) Gametic disequilibrium measures: proceed
with caution. Genetics 117:331-341

Fiorentino DF, Zlotnik A, Mosmann TR, Howard M, O’Garra A
(1991) IL-10 inhibits cytokine production by activated macro-
phages. J Immunol 147:3815-3822

Lalani I, Bhol K, Ahmed AR (1997) Interleukin-10: biology, role
in inflammation and autoimmunity. Ann Allergy Asthma
Immunol 79:469-483

Zheng XQ, Li CC, Xu DP, Lin A, Bao WG, Yang GS, Yan WH
(2010) Analysis of the plasma soluble human leukocyte antigen-
G and interleukin-10 levels in childhood atopic asthma. Hum
Immunol 71:982-987

Eskdale J, Gallagher G, Verweij CL, Keijsers V, Westendorp RG,
Huizinga TW (1998) Interleukin 10 secretion in relation to
human IL-10 locus haplotypes. Proc Natl Acad Sci USA
95:9465-9470

Gibson AW, Edberg JC, Wu J, Westendorp RG, Huizinga TW,
Kimberly RP (2001) Novel single nucleotide polymorphisms in
the distal IL-10 promoter affect IL-10 production and enhance the
risk of systemic lupus erythematosus. J Immunol 166:3915-3922
Bosse Y, Lemire M, Poon AH, Daley D, He JQ, Sandford A,
White JH, James AL, Musk AW, Palmer LJ, Raby BA, Weiss ST,
Kozyrskyj AL, Becker A, Hudson TJ, Laprise C (2009) Asthma
and genes encoding components of the vitamin D pathway.
Respir Res 10:98

Hunninghake GM, Soto-Quiros ME, Lasky-Su J, Avila L, Ly NP,
Liang C, Klanderman BJ, Raby BA, Gold DR, Weiss ST, Cele-
don JC (2008) Dust mite exposure modifies the effect of func-
tional IL10 polymorphisms on allergy and asthma exacerbations.
J Allergy Clin Immunol 122:93-98 98 €91-95

Bottema RW, Kerkhof M, Reijmerink NE, Thijs C, Smit HA, van
Schayck CP, Brunekreef B, van Oosterhout AJ, Postma DS,
Koppelman GH (2010) Gene-gene interaction in regulatory T-cell
function in atopy and asthma development in childhood.
J Allergy Clin Immunol 126:338-346 346 el-10

Lim S, Crawley E, Woo P, Barnes PJ (1998) Haplotype associ-
ated with low interleukin-10 production in patients with severe
asthma. Lancet 352:113

Crawley E, Kay R, Sillibourne J, Patel P, Hutchinson I, Woo P
(1999) Polymorphic haplotypes of the interleukin-10 5’ flanking
region determine variable interleukin-10 transcription and are
associated with particular phenotypes of juvenile rheumatoid
arthritis. Arthritis Rheum 42:1101-1108

@ Springer



	Involvement of IL-10 Gene Promoter Polymorphisms in the Susceptibility for Childhood Asthma
	Abstract
	Introduction
	Materials and Methods
	Study Subjects
	Polymerase Chain Reaction Amplification and Genotyping
	Spirometry and Methacholine Challenge Test
	Measurement of Blood Eosinophil Count, Serum Total IgE, and Eosinophil Cationic Protein
	Statistical Analysis

	Results
	Subject Characteristics
	Allele and Genotype Frequencies of IL-10 Promoter Gene
	Haplotype Frequencies of IL-10 Promoter Gene
	Association of IL-10 Promoter Polymorphisms with Airway Hyper responsiveness
	Association of IL-10 Promoter Polymorphisms with Serum ECP

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


