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Introduction
Bronchial asthma and chronic obstructive pulmonary disease 

(COPD) are common respiratory diseases that are caused by the 
interaction of genetic susceptibility with environmental factors [1,2]. 
In 1961 Orie and colleagues postulated the Dutch hypothesis [3], and 
they suggested asthma and COPD have genetic and environmental risk 
factors in common [4]. Latter investigations have led to the evaluation 
of interleukin 13 (IL-13) as a possible common candidate gene for 
bronchial asthma and COPD [5].

The IL-13 gene is located on chromosome 5q31-q33, a region 
frequently linked to asthma [6,7]. Two of the most characterized 
single nucleotide polymorphisms (SNPs) in IL-13 include a promoter 
SNP (-1111C>T) and a coding SNP in exon 4 (Arg130Gln). The IL-
13 Arg130Gln polymorphism is associated with elevated eosinophil 
count and high total serum IgE levels [8,9]. The case-control studies 
in two separate Dutch populations have shown that the promoter 
polymorphism -1111 in the IL-13 gene was found to be associated with 
bronchial asthma [10,11].

The involvement of IL-13 genetic variants in COPD is lesser 
clear. In a Dutch study, the IL-13 -1111C>T polymorphisms has been 
reported to be associated with COPD patients compared with healthy 
control subjects [12]. This association was confirmed in Taiwanese [13]. 
However, these data are inconsistent, and another case-control study 
with Japanese and Egyptian subjects did not show the association [14].

Few investigations about involvement of common candidate genes 
including IL-17 in bronchial asthma and COPD have been reported. The 
IL-17 family is composed by six members designated IL-17A through F, 
but CD4+ T helper (Th) 17 lymphocytes particularly produce IL-17A 
and IL-17F [15]. Accumulation of IL-17A and IL-17F mRNA has been 
shown in the bronchial sub mucosa of moderate to severe asthma [16]. 
Elevation of plasma IL-17A level has been reported to be associated 
with asthma severity [17], and airway hyper responsiveness positively 
correlated with IL-17A levels in the sputum from asthma patients [18]. 
Human Th17 lymphocyte, like mice [19], has been demonstrated to 
express IL-13 receptor α1 and that IL-13 attenuated IL-17A production 
[20].

Hizawa and his colleagues reported that the IL-17F gene could 
be another gene in a common pathway mediating the development 
of bronchial asthma and COPD in a Japanese population [21,22]. 
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Abstract
Background: Chronic obstructive pulmonary disease (COPD) and bronchial asthma might have common 

genetic factors. Interleukin 13 (IL-13) gene polymorphism has been suggested to be one of the candidates; however 
inconsistent results have been reported. Studies of the gene polymorphisms in IL-17A gene and mast cell chymase 
gene (CMA1) in COPD and bronchial asthma have not been reported.

Methods: The single nucleotide polymorphisms in IL-13 -1111C>T, IL-13 Arg130Gln, IL-17A -737C>T, and 
CAM1 -1903G>A genes were examined in 100 COPD patients, 250 asthmatics and 100 normal control. All patients 
were Japanese who were in a stable condition.

Results: The frequency of TT/CT genotype of the IL-13 -1111C>T was higher than that of CC genotype in 
COPD patients compared with asthmatics. Subgroup analyses with gender showed that in female COPD patients 
the frequency of TT/CT genotype of the IL-13 -1111C>T was higher than that of CC genotype compared with 
female asthmatics. The frequency of TT/CT genotype of the IL-17A -737C>T was lower than that of CC genotype 
in COPD patients compared with asthmatics. Subgroup analyses with gender showed that in male COPD patients 
the frequency of TT/CT genotype of the IL-17A -737C>T was lower than that of CC genotype compared with male 
asthmatics. The frequency of AA/GA and GG genotypes of the CMA1 -1903G>A in COPD patients did not differ from 
that of asthmatics. Asthmatics with CC genotype of the IL-13 Arg130Gln showed higher levels of total serum IgE than 
that of the patients with TT/CT genotype.

Conclusion: This study suggested the IL-13 -1111C>T and IL-17A -737C>T gene sequence variations might 
have a role in COPD and asthma in a Japanese population.
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However, to our knowledge, there has been no published paper reported 
on the association of IL-17A gene polymorphisms with COPD. The 
IL-17A gene is located on chromosome 6p12.1, the genomic region 
associated with different types of asthma [23-25]. The association 
between asthma susceptibility and IL-17A gene polymorphisms in a 
Taiwanese population has been reported, which showed among nine 
SNPs investigated only one SNP -737C>T was associated with asthma, 
and the risk genotype of the SNP was CC genotype [26].

Mast cell chymase is a chymotrypsin-like protease stored in high 
amounts within the secretory granules of mast cells found in asthmatic 
airway [27], and it is an important mediator of inflammation and 
remodeling in the asthmatic lung [28]. Some studies have demonstrated 
higher numbers of mast cells in patients with COPD than in control 
[29,30]. Theoretically, mast cells could play a role in the pathogenesis 
of COPD by inducing fibroblast proliferation as reported from our 
laboratory [31]. In fact, histological characterization of mast cell 
chymase in patients with COPD has been reported [32,33].

The gene for mast cell chymase (CMA1) is located within a cluster 
of genes for cellular proteases on chromosome 14q11.2 [34]. Various 
studies have examined the association between the CMA1 promoter 
region (-1903 G>A) SNP and bronchial asthma, but inconsistent results 
have been obtained [35-37]. To our knowledge, no comparative studies 
have evaluated the association of CMA1 gene polymorphisms with 
bronchial asthma and COPD.

Based on the contradictory results among the studies of the 
involvement of IL-13 gene polymorphisms in COPD, we sought to 
partly replicate the association previously described between IL-13 
gene polymorphisms and COPD patients in a Japanese population. In 
addition, we examined the association between the gene polymorphisms 
in IL-17A and CMA1 and COPD patients and asthmatics. Taking all into 
account, we selected the gene polymorphism of IL-13 -1111C>T, IL-13 
Arg130Gln, IL-17A -737 C>T, and CMA1 -1903G>A as representative 
SNPs of the genes for the analyses in the present study. Although 
similar studies of IL-13 gene polymorphisms in the respiratory diseases 
have been conducted in different cohort of patients, we first performed 
a pilot study of IL-17A and CMA1 gene polymorphisms in Japanese 
patients with COPD and bronchial asthma.

Materials and Methods
Subjects and clinical assessment

This study was performed with the approval of the Institutional 
Ethics Committee of Gunma Institute for Allergy and Asthma, Gunma, 
Japan, and written informed consent was obtained from each individual 
before the study commenced.

All patients were Japanese, and were recruited from the outpatient 
clinic at Department of Allergy and Respiratory Medicine, Sutoh 
Hospital, Gunma, Japan. All patients with bronchial asthma and COPD 
were diagnosed by experienced pulmonologists. In this pilot study the 
patients consisted of 100 patients with COPD and 250 patients with 
bronchial asthma as shown in Table 1. All of the patients were in a 
stable clinical condition. Diagnosis of bronchial asthma was confirmed 
using the criteria of the Global Initiative for Asthma guidelines [38], 
and all patients with bronchial asthma were non-smoking. All patients 
showed clinical symptoms that met the criteria for asthma, such as 
cough, wheeze and shortness of breath. Forced expiratory volume 
in one second (FEV1) was measured with a spirometer, and airway 
reversibility was defined as a >12% and >200 mL increase in volume 
in the first second of forced expiration from baseline after inhalation 

of short-acting β2-adrenergic bronchodilators. COPD was diagnosed 
according to the criteria of the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) [39,40]. The entry criteria for COPD patients 
were post-bronchodilator FEV1 <80% predicted and FEV1/forced 
vital capacity <0.7. All patients with COPD were current smokers and 
had a history of 10 pack-year cigarette smoking. A total of 100 non-
smoking subjects with no history of bronchial asthma, COPD or other 
respiratory symptoms were selected from healthy volunteers who visited 
our clinic for annual routine physical examinations which did not 
include FEV1 measurement, and comprised normal control. Following 
laboratory tests were performed in the patients. Serum levels of total 
immunoglobulin E (IgE) were measured by the Phadia ImmunoCAP® 
system (Phadia, Uppsala, Sweden). The total eosinophil count was 
measured in peripheral blood using a flow cytometer (Coulter Maxm; 
Beckman-Coulter Inc., Fullerton, CA, USA). Characteristics of the 
study population are shown in Table 1.

Genotyping of IL-13, IL-17A and CMA1 polymorphisms

DNA in the specimens obtained by rubbing buccal mucosa by a cot-
ton swab was extracted by using QIAamp 96 DNA blood kits (Qiagen, 
Hilden, Germany). The target DNA sequence of the IL-13 -1111C>T 
was amplified using a set of primers (forward: 5’-TGGGGGTTTCTG-
GAGGAC-3’, reverse: 5’-GCAGAATGAGTGCTGTGGAG-3’) and that 
of Arg110Gln was amplified using a set of primers (forward: 5’-GGTC-
CTGT-CTCTGCAAATAATG-3’, reverse: 5’-GTTTTCCAGCTTG-
CATGTCC-3’). The target DNA sequence of the IL-17A -737C>T was 
amplified using a set of primers (forward: 5’-CCCCCATCATGTCTC-
CTCTCC-3’ reverse: 5’-CCAAGCAACTTGGTGTTTTG-AGG-3’). 
The target of DNA sequence of the CMA1 -1903G>A was amplified 
using a set of primers (forward: 5’-GAGCAGATAGTGCAGTC-
CTCGTTTC-3’, reverse: 5’-CTCCACAGCATCAAGATTCA-
GATCC-3’). Allelic discrimination assay for SNPs relating to the ex-
pressions of IL-13 -1111C>T, IL-13 Arg110Gln, IL-17A -737C>T and 
CMA1 -1903G>A (rs1800925, rs20541, rs8193036 and rs1800875, re-
spectively) was carried out by a SNPs detective system as described [41-
44]. All subjects and investigators remained unaware of the genotype 
until the final analysis.

Statistical analysis

Data are presented as means ± SD or numbers (%) of observations, 
unless stated otherwise. Differences in the mean value of the phenotypic 
characteristics within the groups were compared using either ANOVA 
test or t-test, and qualitative data were compared by the Chi-square test. 
Allele frequencies were estimated by gene counting method. Significant 
departures of genotype frequency from the Hardy-Weinberg equilibrium 
at each SNP were tested by the Chi-square analysis. Differences in 

  COPD BA NC
Number of subjects 100 250 100
Age (years)b 68.1 ± 10.4b 50.8 ± 16.0b 47.1 ± 13.6
Gender (male)c 72 (72.0%)c 78 (31.2%)c 34 (34.0%)
FEV1 (% predicted) 70.3 ± 21.5 72.9 ± 25.5 NA
Total serum IgE (IU/ml)d 123.4 ± 145.8d 262.8 ± 327.6d NA
Eosinophil (cells/µl)e 221.5 ± 264.4e 441.1 ± 408.8e NA
COPD: Chronic Obstructive Pulmonary Disease; BA: Bronchial Asthma; FEV1: 
Forced Expiratory Volume in One Second; NC: Normal Control; NA: Not 
Applicable 
aData are presented as means ± SD or numbers (%). 
b,d,eP < 0.01 for COPD patients versus BA patients by the Welch’s t-test 
cP < 0.01 for COPD patients versus BA patients by the Chi-square test

Table 1: Clinical characteristics of the subjects in the studya.
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minor allele frequencies of IL-13 -1111C>T, IL-13 Arg110Gln, IL-17A 
-737C>T and CAM1-1903G>A in the patients with bronchial asthma 
were compared with those in COPD patients and control subjects by the 
Chi-square test. Logistic regression analysis was used to estimate odds 
ratio (OR) and 95% confidence interval (CI). Each gene polymorphism 
related to bronchial asthma and COPD was examined by multivariable 
logistic regression models with adjustment for covariates, namely 
with the chronic respiratory disease phenotype as dependent variable 
and independent variables including age (continuous value), gender 
(male=0, female=1), two alternatives genotype models that were either 
combined TT/CT and CC or combined AA/GA and GG. In addition, 
subgroup analyses with gender of the multivariable logistic regression 
analysis were performed. Statistical analyses were undertaken using 
SPSS for Windows version 17 (SPSS Inc, Chicago, IL, USA). P-values of 
<0.05 were considered to be significant.

Results
The clinical characteristics of the subjects are summarized in Table 

1. There was significant difference between COPD patients and asthma 
patients in terms of age and gender except FEV1 (% predicted). Namely, 
the age of the patients with COPD was significantly higher than that of 
the patients with bronchial asthma (P<0.01), and the number of male 

patients with COPD was significantly higher than that of bronchial 
asthma (P<0.01). The levels of total serum IgE in COPD patients were 
lower than those in asthma patients (P0.01). Asthma patients had a 
higher peripheral total eosinophil count compared with COPD patients 
(P<0.01).

OR: Odds Ratio; CI: Confidence Interval. Multivarible logistic 
regression analysis was applied for age and sex (A) and age (B) as 
covariables. Values in bold indicate significant P-Value.

Table 2 indicates the frequencies of the IL-13 -1111C>T and 
Arg130Gln genotype, and the T minor allele in each group. The 
genotype distribution fulfills the Hardy-Weinberg equilibrium in each 
group. The frequencies of the T allele of the IL-13. -1111C>T genotype 
in COPD patients (frequency of allele [q]=0.240) and normal control 
(q=0.175) did not differ between them, whereas the frequency in the 
patients with bronchial asthma was decreased (q=0.116). Namely, 
the frequencies of the T allele in COPD patients and normal control 
were higher than that in the patients with bronchial asthma (P<0.001 
in COPD patients and P=0.038 in normal control, respectively). On 
the other hand, the frequencies of the T allele of the IL-13 Arg130Gln 
genotype did not differ among the three groups.

SNPs loci
Genotype Allele 

Frequency P-value HWE P-Value
CC CT TT

-1111C>T
COPD 57 38 5

0.24 <0.001 0.109 0.677
(n=100) (57.0%) (38.0%) (5.0%)
BA 196 50 4

0.116 - 0.038 0.695
(n=250) (78.4%) (20.0%) (1.6%)
NC 68 29 3

0.175 0.038 - 0.965
(n=100) (68.0%) (29.0%) (3.0%)
Arg130Gln
COPD 67 31 2

0.175 0.824 0.698 0.462
(n=100) (67.0%) (31.0%) (2.0%)
BA 172 72 6

0.168 - 0.488 0.47
(n=250) (68.8%) (28.8%) (2.4%)
NC 66 30 4

0.19 0.488 - 0.8
(n=100) (66.0%) (30.0%) (4.0%)
COPD: Chronic Obstructive Pulmonary Disease; BA: Bronchial Asthma; NC: Normal Control; HWE: Hardy-Weinberg Equilibrium. Minor alleles in patients with COPD 
and control subjects were compared with that in patients with bronchial asthma by means of the Chi-square test. Values in bold indicate significant P-values.

Table 2: Genotype and allele frequencies of the IL-13 gene in each group.

(A)
SNPs loci Genotype OR (95%CI) P-value

-1111C>T
CC 1

<0.001
TT/CT 2.397 (1.316-4.366)

Arg130Gln
CC 1

0.856
TT/CT 1.057 (0.584-1.913)

(B)
SNPs loci Male Female
Genotype OR (95% CI), P-value OR (95%CI), P-value

-1111C>T
CC 1.000 1.000 
TT/CT 1.363 (0.617-3.010), 0.444 4.752 (1.921-11.753), 0.001
Arg130Gln
CC 1.000 1.000 
TT/CT 1.406 (0.621-3.181), 0.414 0.760 (0.300-1.924), 0.269

Table 3: Multivariable logistic regression analysis (A) and the subgroup analysis with gender (B) of genotype of the IL-13 gene in Japanese COPD patients compared with 
those in the patients with bronchial asthma.
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Frequencies of the IL-17A -737C>T genotype and the T minor 
allele, and those of CMA1 -1903G>A genotype and the A minor allele 
in each group are given in Table 5-(A) and Table 5-(B). The genotype 
distribution of each gene fulfills the Hardy-Weinberg equilibrium 
in each group. There were no differences between the minor allele 
frequencies among the three groups in each gene.

Table 3-(A) presents the results of multivariable logistic regression 
analysis of the IL-13 -1111C>T and Arg130Gln genotype controlling 
age and gender in COPD compared with those with bronchial 
asthma. Frequencies of combined homozygous TT and heterozygous 
CT genotype group of the IL-13 -1111C>T were higher than those 
of homozygous CC genotype in COPD compared with those with 
bronchial asthma (P<0.001), and the OR of COPD compared with 
bronchial asthma associated with the combined TT and CT genotype 
group to those with CC genotype was 2.397 (95% CI=1.316-4.366).

COPD: Chronic Obstructive Pulmonary Disease; BA: Bronchial 
Asthma; NC: Normal Control; HWE: Hardy-Weinberg Equilibrium 
Minor alleles in patients with COPD and control subjects were 
compared with that in patients with bronchial asthma by means of the 
Chi-square test.

Frequencies of combined TT and CT genotype group of the IL-13 
Arg130Gln were not different from those of CC genotype in COPD 
compared with bronchial asthma. Subgroup analyses with gender 

showed the positive association between the respiratory disease 
phenotype and the IL-13 -1111C>T genotype in female, but not in male, 
and in female patients with COPD the frequencies of combined TT and 
CT genotype group were higher than those of CC genotype compared 
with female patients with bronchial asthma (P=0.001, OR=4.752, 95% 
CI=1.921-11.753) as shown in Table 3-(B).

OR: Odds Ratio; CI: Confidence Interval. Multivarible logistic 
regression analysis was applied for age and sex (A) and age (B) as 
covariables. Values in bold indicate significant P-Value.

Table 4 presents the comparison of the clinical characteristics in 
the patients with COPD and bronchial asthma according to the IL-
13 gene polymorphisms. The levels of total serum IgE and the count 
of peripheral total eosinophil were not different between the IL-13 
gene polymorphisms in COPD patients. The patients with bronchial 
asthma with the combined TT and CT genotype group of the IL IL-13 
Arg130Gln showed higher levels of total serum IgE than that in the 
patients with CC genotype (P=0.025).

Table 6-(A) presents the results of multivariable logistic regression 
analysis of the IL-17A -737C>T and CMA1 -1903G>A genotype 
controlling age and gender in COPD compared with those with 
bronchial asthma. Frequencies of combined homozygous TT and 
heterozygous CT genotype group of the IL-17A -737CT were lower 
than those of homozygous CC genotype in COPD compared with those 

SNPs loci COPD Bronchial Asthma Normal Control
Genotype

 
Total IgE (IU/ml) Eosinopil (cells/µl) Total IgE (IU/ml) Eosinopil (cells/µl) Total IgE (IU/ml) Eosinopil (cells/µl)

IL-13 -1111C>T
CC 139.7 ± 164.4 248.4 ± 325.5 246.5 ± 277.2 427.8 ± 389.2 NA NA
TT/CT 103.3 ± 117.8 185.8 ± 146.1 322.5 ± 467.1 488.3 ± 472.8 NA NA
P-value 0.225 0.26 0.142 0.338 - -
IL-13 Arg130Gln
CC 132.6 ± 154.5 215.6 ± 284.0 206.6 ± 183.4 400.8 ± 413.1 NA NA
TT/CT 104.0 ± 125.8 234.5 ± 219.2 288.1 ± 372.7 459.5 ± 406.7 NA NA
P-value 0.977 0.565 0.025 0.298 - -

Table 4: Comparison of the clinical characteristics according to IL-13 gene polymorphisms in the patients with COPD and bronchial asthmaa.

(A)
Genotype Allele 

Frequency P-value HWE P-Value
IL-17A -737C>T CC CT TT
COPD 47 43 10

0.315 0.169 0.172 0.971
(n=100) (47.0%) (43.0%) (10.0%)
BA 97 121 32

0.37 - 0.805 0.546
(n=250) (38.8%) (48.4%) (12.8%)
NC 35 54 11

0.38 0.805 - 0.144
(n=100) (35.0%) (54.0%) (11.0%)

(B)
Genotype

Allele 
Frequency P-value HWE P-ValueCMA1-

1903G>A GG GA AA

COPD 66 32 2
0.18 0.089 0.896 0.401

(n=100) (66.0%) (32.0%) (2.0%)
BA 187 61 2

0.13 - 0.124 0.213
(n=250) (74.8%) (24.4%) (0.8%)
NC 68 29 3

0.175 0.124 - 0.965
(n=100) (68.0%) (29.0%) (3.0%)

Table 5: Genotype and allele frequencies of the IL-17A -737C>T (A) and the CMA1 -1903G>A (B) gene in each group.
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with bronchial asthma (P=0.041), and the OR of COPD compared with 
bronchial asthma associated with the combined TT and CT genotype 
group to those with CC genotype was 0.550 (95% CI=0.310–0.967). 
Frequencies of combined AA and GA genotype group of the CMA1 
-1903G>A were not different from those of GG genotype in COPD 
compared with bronchial asthma. Subgroup analyses with gender 
showed the positive association between the respiratory disease 
phenotype and the IL-17A -737C>T genotype in male, but not in female, 
and in male patients with COPD the frequencies of combined TT and 
CT genotype group were lower than those of CC genotype compared 
with male patients with bronchial asthma (P=0.034, OR=0.422, 95% 
CI=0.190-0.973) as shown in Table 6-(B). The relation between the 
genotyping of either IL-17A -737C>T or CMA1-1903G>A gene and 
the clinical characteristics investigated was not present both in COPD 
patients and asthma patients (data not shown).

Discussion
First, we investigated the frequencies of the IL-13 -1111C>T and 

Arg130Gln genotype in the three groups (COPD patients, asthma 
patients and normal healthy control). The genotype distribution fulfills 
the Hardy-Weinberg equilibrium in each group. The frequency of T 
allele of the IL-13 -1111C>T genotype in COPD patients was higher 
than that in asthma patients, but not that of the IL-13 Arg130Gln 
genotype. Frequencies of combined TT and CT genotype group of 
the IL-13 -1111C>T were higher than those of CC genotype in COPD 
patients compared with asthma patients. In female patients with COPD, 
but not in male, frequencies of combined TT and CT genotype group of 
the IL-13 -1111C>T were higher than those of CC genotype compared 
with female asthma patients.

Two case-control studies in a Dutch population have shown that 
the promoter polymorphism -1111 in the IL-13 gene was found to 
be associated with asthma [10,11]. Also functional studies support a 
regulatory role associated with allergic inflammation in asthma for the 
-1111C>T variant [9,45]. In this study, the frequency of the T allele of 
the IL-13 -1111C>T genotype in the patients with asthma (q=0.116) 
was decreased compared with that in normal control (q=0.175). This 
finding correspond to the results of our previous assessment performed 
in 300 asthmatics and 100 normal control, none of the subjects were 
involved in the present study, which showed q=0.12 in asthma patients 
and q=0.165 in normal control, respectively [46]. Although, local 
adaption and population differentiation at the IL-13 gen has been 

evaluated [47], these were relatively small sample size studies, and 
larger statistically more powerful studies may show a different result.

The IL-13 promoter polymorphism has also been reported to be 
associated with COPD compared with healthy control subjects [12,13]. 
The frequency of the IL-13 Arg130Gln polymorphism was not different 
between COPD patients and healthy control, indicating the specificity 
of the association of COPD with the IL-13 -1111T allele [12]. However, 
the association of the IL-13 promoter polymorphism with COPD was 
not confirmed in another case-control study with Japanese and Egyptian 
subjects [14], which may not correspond to our results. In this study, we 
showed the frequency of T allele of the IL-13 -1111C>T genotype in 
COPD patients was significantly higher than that in asthmatics. Jiang 
and colleagues reported that the TT genotype of -1112C>T was not an 
independent risk factor for COPD but increased the risk for smokers 
of developing COPD in Chinese Han residents of Beijing [48]. In fact, 
the IL-13 promoter polymorphism -1112C>T has been reported to 
modulate the adverse effect of smoking on lung function [49]. This 
study showed the frequencies of combined TT and CT genotype group 
of the IL-13 -1111C>T were higher than those of CC genotype in COPD 
patients, who were current smokers and had a history of 10 pack-year 
cigarette smoking, compared with non-smoking asthma patients.

An IL-13 Arg130Gln polymorphism in exon 4 has been shown to 
be associated with high total serum IgE levels [50,51] and bronchial 
asthma [52]. We showed the association between the levels of serum 
total IgE and the IL-13 Arg130Gln gene polymorphism in asthma 
patients, but not in COPD patients, which may correspond to the 
reports [50-52].

In experimental studies, pulmonary expression of transgenic 
IL-13 in adult murine lungs resulted in a COPD phenotype with 
inflammation, mucus metaplasia and matrix-metalloproteinase- and 
cathepsin-dependent emphysema [53], indicating the prominent and 
unique role of IL-13 in asthma as well as COPD. Overproduction of 
pulmonary mucus secretion was a key feature of IL-13-induced COPD 
in mice [53], which may correspond to a feature in COPD patients 
[54]. The capacity of IL-13 to induce the COPD phenotype in mice 
combined with our findings that COPD is specifically associated with 
the minor T allele of the IL-13 -1111C>T genotype, but not with the 
IL-13 Arg130Gln gene polymorphism, may suggest that the IL-13 
promoter polymorphism itself might responsible for the risk of develop 
COPD. It is important to note that, while both asthma/atopy and COPD 

(A)
SNPs loci Genotype OR (95%CI) P-value

IL-17A-737C>T
CC 1

0.041
TT/CT 0.550 (0.310 – 0.967)

CMA1-1903G>A
GG 1

0.326
AA/GA 1.355 (0.739 – 2.483)

(B)
SNPs loci Male Female
Genotype OR (95%CI) P-value OR (95%CI) P-value

IL-17A -737C>T 
CC 1  1  
TT/CT 0.422 (0.190-0.973) 0.034  0.727 (0.308-1.717) 0.467
CMA1 -1903G>A
GG 1  1  
AA/GA  1.535 (0.666-3.537) 0.315  1.198 (0.479-2.996) 0.699

Table 6: Multivariable logistic regression analysis (A) and the subgroup analysis with gender (B) of genotype of the IL-17A and CMA1 gene in Japanese COPD patients 
compared with those in the patients with bronchial asthma.
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analyses highlighted a role for IL-13 SNPs in the diseases mechanisms, 
asthma/atopy associations involve the promoter SNP (-1111C>T) and 
the coding SNP in exon 4 (Arg130Gln) regions, whereas COPD signal 
might be localized to the promoter region. These findings may in part 
explain the lack of correlation between COPD and IL-13 expression 
[55] clearly observed in asthma and atopy [56].

Next, we compared the polymorphisms of the IL-17A -737C>T 
between COPD patients and asthma patients. Frequencies of combined 
homozygous TT and heterozygous CT genotype group of the IL-17A 
-737C>T were lower than those of homozygous CC genotype in COPD 
compared with those with bronchial asthma. In male patients with 
COPD, but not in female, frequencies of CC genotype of the IL-17A 
-737C>T were higher than those of combined TT and CT genotype 
group compared with male asthma patients. This is the first pilot study 
suggesting the association between the IL-17A gene polymorphisms 
and COPD.

This work did not describe the linkage between the IL-17A genotype 
and the clinical markers neither in COPD patients nor in asthma 
patients as far as we investigated. However, COPD is well known to be 
less atopic than bronchial asthma, and it has been demonstrated that 
human Th17 cells express IL-13 receptor α1 and that IL-13 attenuates 
IL-17A production [20]. So, we might hypothesize that the interaction 
between IL-13 -1111C>T and IL-17A -737C>T gene sequence variations 
might be involved in the process to induce non-allergic inflammation 
in COPD. Further investigations are required.

Finally, we compared the polymorphisms of the CMA1 -1903G>A 
between COPD patients and asthma patients. The frequencies of 
combined AA and GA genotype group of the CMA1 -1903G>A were 
not different from those of GG genotype in COPD compared with 
bronchial asthma, suggesting the polymorphisms of CMA1 gene won’t 
be associated with the susceptibility to COPD. This is a pilot study with a 
limited number of the subjects. The larger population, the more one can 
generalize the results. Further studies are required including replication 
studies in another population, and it is obvious that generalizing is 
necessary for forming coherent interpretations in different situations.

In conclusion, although similar studies about IL-13 gene 
polymorphisms in COPD and bronchial asthma have been conducted 
in different cohort of patients, we first analyzed the IL-17A and CMA1 
gene polymorphisms in COPD patients and asthmatics in a Japanese 
population, suggesting IL-13 -1111C>T and IL-17A -737C>T gene 
sequence variations might have a role in COPD and bronchial asthma.

Authors’ Contributions

MK designed the research study, collected samples and analyzed data. 
MK, YS and ES drafted the manuscript. All authors read and approved the final 
manuscript.

References
1. Pauwels RA, Buist AS, Calverley PMA, Jenkins CR, Hurd SS, et al. (2001) 

Global strategy for the diagnosis, management, and prevention of chronic 
obstructive pulmonary disease: NHLBI/WHO Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) workshop summary. Am J Respir Crit Care 
Med 163: 1256-1276.

2. Howard TD, Meyers DA, Bleecker ER (2003) Mapping susceptibility genes for 
allergic diseases. Chest 123: 363S-368S.

3. Orie NGM, Sluiter HJ, De Vries K, Tammeling GJ, Witkop J (1961) The host 
factor in bronchitis. In: Bronchitis; Orie NGM, Sluiter HJ (eds). Assen, The 
Netherlands: Royal Van Gorcum, pp. 43-59.

4. Postma DS, Boezen HM (2004) Rationale for the Dutch hypothesis. Allergy 
and airway hyperresponsiveness as genetic factors and their interaction with 
environment in the development of asthma and COPD. Chest 126: 96S-104S.

5. Meyers DA, Larj MJ, Lange L (2004) Genetics of asthma and COPD. Similar 
results for different phenotypes. Chest 126: 105S-110S.

6. Postma DS, Bleecker ER, Amelung PJ, Holroyd KJ, Xu J, et al. (1995) Genetic 
susceptibility to asthma--bronchial hyperresponsiveness coinherited with a 
major gene for atopy. N Engl J Med 333: 894-900.

7. [No authors listed] (1997) A genome-wide search for asthma susceptibility loci 
in ethnically diverse populations. The Collaborative Study on the Genetics of 
Asthma (CSGA). Nat Genet 15: 389-392.

8. Noguchi E, Shibasaki M, Arinami T, Takeda K, Maki T, et al. (1997) Evidence 
for linkage between asthma/atopy in childhood and chromosome 5q31-q33 in a 
Japanese population. Am J Respir Crit Care Med 156: 1390-1393.

9. Hunninghake GM, Soto-Quirós ME, Avila L, Su J, Murphy A, et al. (2007) 
Polymorphisms in IL13, total IgE, eosinophilia, and asthma exacerbations in 
childhood. J Allergy Clin Immunol 120: 84-90.

10. van der Pouw Kraan TC, van Veen A, Boeije LC, van Tuyl SA, de Groot ER, et 
al. (1999) An IL-13 promoter polymorphism associated with increased risk of 
allergic asthma. Genes Immun 1: 61-65.

11. Howard TD, Whittaker PA, Zaiman AL, Koppelman GH, Xu J, et al. (2001) 
Identification and association of polymorphisms in the interleukin-13 gene with 
asthma and atopy in a Dutch population. Am J Respir Cell Mol Biol 25: 377-384.

12. van der Pouw Kraan TC, Küçükaycan M, Bakker AM, Baggen JM, van der Zee 
JS, et al. (2002) Chronic obstructive pulmonary disease is associated with the 
-1055 IL-13 promoter polymorphism. Genes Immun 3: 436-439.

13. Liu SF, Chen YC, Wang CC, Fang WF, Chin CH, et al. (2009) Il13 promoter 
(-1055) polymorphisms associated with chronic obstructive pulmonary disease 
in Taiwanese. Exp Lung Res 35: 807-816.

14. Hegab AE, Sakamoto T, Saitoh W, Massoud HH, Massoud HM, et al. (2004) 
Polymorphisms of IL4, IL13, and ADRB2 genes in COPD. Chest 126: 1832-
1839.

15. Molet SM, Hamid QA, Hamilos DL (2003) IL-11 and IL-17 expression in nasal 
polyps: relationship to collagen deposition and suppression by intranasal 
fluticasone propionate. Laryngoscope 113: 1803-1812.

16. Al-Ramli W, Préfontaine D, Chouiali F, Martin JG, Olivenstein R, et al. (2009) 
T(H)17-associated cytokines (IL-17A and IL-17F) in severe asthma. J Allergy 
Clin Immunol 123: 1185-1187.

17. Chakir J, Shannon J, Molet S, Fukakusa M, Elias J, et al. (2003) Airway 
remodeling-associated mediators in moderate to severe asthma: effect of 
steroids on TGF-beta, IL-11, IL-17, and type I and type III collagen expression. 
J Allergy Clin Immunol 111: 1293-1298.

18. Barczyk A, Pierzchala W, Sozañska E (2003) Interleukin-17 in sputum correlates 
with airway hyperresponsiveness to methacholine. Respir Med 97: 726-733.

19. Newcomb DC, Zhou W, Moore ML, Goleniewska K, Hershey GK, et al. (2009) 
A functional IL-13 receptor is expressed on polarized murine CD4+ Th17 cells 
and IL-13 signaling attenuates Th17 cytokine production. J Immunol 182: 5317-
5321.

20. Newcomb DC, Boswell MG, Zhou W, Huckabee MM, Goleniewska K, et 
al. (2011) Human TH17 cells express a functional IL-13 receptor and IL-13 
attenuates IL-17A production. J Allergy Clin Immunol 127: 1006-1013.

21. Kawaguchi M, Takahashi D, Hizawa N, Suzuki S, Matsukura S, et al. (2006) IL-
17F sequence variant (His161Arg) is associated with protection against asthma 
and antagonizes wild-type IL-17F activity. J Allergy Clin Immunol 117: 795-801.

22. Hizawa N, Kawaguchi M, Huang SK, Nishimura M (2006) Role of interleukin-
17F in chronic inflammatory and allergic lung disease. Clin Exp Allergy 36: 
1109-1114.

23. Wang JY, Lin CG, Bey MS, Wang L, Lin FY, et al. (2005) Discovery of genetic 
difference between asthmatic children with high IgE level and normal IgE level 
by whole genome linkage disequilibrium mapping using 763 autosomal STR 
markers. J Hum Genet 50: 249-258.

24. Wjst M, Fischer G, Immervoll T, Jung M, Saar K, et al. (1999) A genome-wide 
search for linkage to asthma. German Asthma Genetics Group. Genomics 58: 
1-8.

25. Haagerup A, Bjerke T, Schiøtz PO, Binderup HG, Dahl R, et al. (2002) Asthma 
and atopy - a total genome scan for susceptibility genes. Allergy 57: 680-686.

26. Wang JY, Shyur SD, Wang WH, Liou YH, Lin CG, et al. (2009) The 

http://dx.doi.org/10.4172/2155-6121.1000224
http://www.ncbi.nlm.nih.gov/pubmed/11316667
http://www.ncbi.nlm.nih.gov/pubmed/11316667
http://www.ncbi.nlm.nih.gov/pubmed/11316667
http://www.ncbi.nlm.nih.gov/pubmed/11316667
http://www.ncbi.nlm.nih.gov/pubmed/11316667
http://www.ncbi.nlm.nih.gov/pubmed/12628976
http://www.ncbi.nlm.nih.gov/pubmed/12628976
http://www.ncbi.nlm.nih.gov/pubmed/15302769
http://www.ncbi.nlm.nih.gov/pubmed/15302769
http://www.ncbi.nlm.nih.gov/pubmed/15302769
http://www.ncbi.nlm.nih.gov/pubmed/15302770
http://www.ncbi.nlm.nih.gov/pubmed/15302770
http://www.ncbi.nlm.nih.gov/pubmed/7666875
http://www.ncbi.nlm.nih.gov/pubmed/7666875
http://www.ncbi.nlm.nih.gov/pubmed/7666875
http://www.ncbi.nlm.nih.gov/pubmed/9090385
http://www.ncbi.nlm.nih.gov/pubmed/9090385
http://www.ncbi.nlm.nih.gov/pubmed/9090385
http://www.ncbi.nlm.nih.gov/pubmed/9372650
http://www.ncbi.nlm.nih.gov/pubmed/9372650
http://www.ncbi.nlm.nih.gov/pubmed/9372650
http://www.ncbi.nlm.nih.gov/pubmed/17561245
http://www.ncbi.nlm.nih.gov/pubmed/17561245
http://www.ncbi.nlm.nih.gov/pubmed/17561245
http://www.ncbi.nlm.nih.gov/pubmed/11197307
http://www.ncbi.nlm.nih.gov/pubmed/11197307
http://www.ncbi.nlm.nih.gov/pubmed/11197307
http://www.ncbi.nlm.nih.gov/pubmed/11588017
http://www.ncbi.nlm.nih.gov/pubmed/11588017
http://www.ncbi.nlm.nih.gov/pubmed/11588017
http://www.ncbi.nlm.nih.gov/pubmed/12424628
http://www.ncbi.nlm.nih.gov/pubmed/12424628
http://www.ncbi.nlm.nih.gov/pubmed/12424628
http://www.ncbi.nlm.nih.gov/pubmed/19995275
http://www.ncbi.nlm.nih.gov/pubmed/19995275
http://www.ncbi.nlm.nih.gov/pubmed/19995275
http://www.ncbi.nlm.nih.gov/pubmed/15596681
http://www.ncbi.nlm.nih.gov/pubmed/15596681
http://www.ncbi.nlm.nih.gov/pubmed/15596681
http://www.ncbi.nlm.nih.gov/pubmed/14520110
http://www.ncbi.nlm.nih.gov/pubmed/14520110
http://www.ncbi.nlm.nih.gov/pubmed/14520110
http://www.ncbi.nlm.nih.gov/pubmed/19361847
http://www.ncbi.nlm.nih.gov/pubmed/19361847
http://www.ncbi.nlm.nih.gov/pubmed/19361847
http://www.ncbi.nlm.nih.gov/pubmed/12789232
http://www.ncbi.nlm.nih.gov/pubmed/12789232
http://www.ncbi.nlm.nih.gov/pubmed/12789232
http://www.ncbi.nlm.nih.gov/pubmed/12789232
http://www.ncbi.nlm.nih.gov/pubmed/12814161
http://www.ncbi.nlm.nih.gov/pubmed/12814161
http://www.ncbi.nlm.nih.gov/pubmed/19380778
http://www.ncbi.nlm.nih.gov/pubmed/19380778
http://www.ncbi.nlm.nih.gov/pubmed/19380778
http://www.ncbi.nlm.nih.gov/pubmed/19380778
http://www.ncbi.nlm.nih.gov/pubmed/21236478
http://www.ncbi.nlm.nih.gov/pubmed/21236478
http://www.ncbi.nlm.nih.gov/pubmed/21236478
http://www.ncbi.nlm.nih.gov/pubmed/16630936
http://www.ncbi.nlm.nih.gov/pubmed/16630936
http://www.ncbi.nlm.nih.gov/pubmed/16630936
http://www.ncbi.nlm.nih.gov/pubmed/16961709
http://www.ncbi.nlm.nih.gov/pubmed/16961709
http://www.ncbi.nlm.nih.gov/pubmed/16961709
http://www.ncbi.nlm.nih.gov/pubmed/15909079
http://www.ncbi.nlm.nih.gov/pubmed/15909079
http://www.ncbi.nlm.nih.gov/pubmed/15909079
http://www.ncbi.nlm.nih.gov/pubmed/15909079
http://www.ncbi.nlm.nih.gov/pubmed/10333435
http://www.ncbi.nlm.nih.gov/pubmed/10333435
http://www.ncbi.nlm.nih.gov/pubmed/10333435
http://www.ncbi.nlm.nih.gov/pubmed/12121185
http://www.ncbi.nlm.nih.gov/pubmed/12121185
http://www.ncbi.nlm.nih.gov/pubmed/19210369


Citation: Kurosawa M, Sutoh E, Sutoh Y (2015) Interleukin (IL)-13, IL-17A, and Mast Cell Chymase Gene Polymorphisms in Bronchial Asthma and 
Chronic Obstructive Pulmonary Disease - A Pilot Study in a Japanese Population. J Allergy Ther 6: 224. doi:10.4172/2155-6121.1000224

Page 7 of 7

J Allergy Ther
ISSN:2155-6121 JAT an open access journal Volume 6 • Issue 6 • 1000224

polymorphisms of interleukin 17A (IL17A) gene and its association with 
pediatric asthma in Taiwanese population. Allergy 64: 1056-1060.

27. Hart PH (2001) Regulation of the inflammatory response in asthma by mast cell 
products. Immunol Cell Biol 79: 149-153.

28. Lazaar AL, Plotnick MI, Kucich U, Crichton I, Lotfi S, et al. (2002) Mast cell 
chymase modifies cell-matrix interactions and inhibits mitogen-induced 
proliferation of human airway smooth muscle cells. J Immunol 169: 1014-1020.

29. Pesci A, Rossi GA, Bertorelli G, Aufiero A, Zanon P, et al. (1994) Mast cells in 
the airway lumen and bronchial mucosa of patients with chronic bronchitis. Am 
J Respir Crit Care Med 149: 1311-1316.

30. Grashoff WF, Sont JK, Sterk PJ, Hiemstra PS, de Boer WI, et al. (1997) Chronic 
obstructive pulmonary disease: role of bronchiolar mast cells and macrophages. 
Am J Pathol 151: 1785-1790.

31. Abe M, Kurosawa M, Ishikawa O, Miyachi Y (2000) Effect of mast cell-derived 
mediators and mast cell-related neutral proteases on human dermal fibroblast 
proliferation and type I collagen production. J Allergy Clin Immunol 106: S78-
84.

32. Soltani A, Ewe YP, Lim ZS, Sohal SS, Reid D, et al. (2012) Mast cells in COPD 
airways: relationship to bronchodilator responsiveness and angiogenesis. Eur 
Respir J 39: 1361-1367.

33. Kosanovic D, Dahal BK, Peters DM, Seimetz M, Wygrecka M, et al. (2014) 
Histological characterization of mast cell chymase in patients with pulmonary 
hypertension and chronic obstructive pulmonary disease. Pulm Circ 4: 128-
136.

34. Caughey GH, Schaumberg TH, Zerweck EH, Butterfield JH, Hanson RD, et al. 
(1993) The human mast cell chymase gene (CMA1): mapping to the cathepsin 
G/granzyme gene cluster and lineage-restricted expression. Genomics 15: 
614-620.

35. Iwanaga T, McEuen A, Walls AF, Clough JB, Keith TP, et al. (2004) Polymorphism 
of the mast cell chymase gene (CMA1) promoter region: lack of association 
with asthma but association with serum total immunoglobulin E levels in adult 
atopic dermatitis. Clin Exp Allergy 34: 1037-1042.

36. Sharma S, Rajan UM, Kumar A, Soni A, Ghosh B (2005) A novel (TG)n(GA)
m repeat polymorphism 254 bp downstream of the mast cell chymase (CMA1) 
gene is associated with atopic asthma and total serum IgE levels. J Hum Genet 
50: 276-282.

37. Hossny EM, Amr NH, Elsayed SB, Nasr RA, Ibraheim EM (2008) Association of 
polymorphisms in the mast cell chymase gene promoter region (-1903 g/A) and 
(TG)n(GA)m repeat downstream of the gene with bronchial asthma in children. 
J Investig Allergol Clin Immunol 18: 376-381.

38. Kroegel C, Wirtz H (2009) History of guidelines for the diagnosis and 
management of asthma: from opinion to control. Drugs 69: 1189-1204. 

39. Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, et al. (2007) Global 
strategy for the diagnosis, management, and prevention of chronic obstructive 
pulmonary disease: GOLD executive summary. Am J Respir Crit Care Med 
176: 532-555.

40. Vestbo J, Hurd SS, Agustí AG, Jones PW, Vogelmeier C, et al. (2013) Global 
strategy for the diagnosis, management, and prevention of chronic obstructive 
pulmonary disease: GOLD executive summary. Am J Respir Crit Care Med 
187: 347-365.

41. Kurosawa M, Yukawa T, Hozawa S, Mochizuki H (2015) Recent advance 
in investigation of gene polymorphisms in Japanese patients with aspirin-
exacerbated respiratory disease. Allergol Immunopathol (Madr) 43: 92-100.

42. Kurosawa M, Yukawa T, Sutoh E (2015) A pilot study of effect of beta2- 
adrenergic receptor gene polymorphism on response to fluticasone/formoterol 
inhaler in patients with persistent asthma. J Allergy Ther 6: 208.

43. Kurosawa M, Yukawa T, Hozawa S, Sutoh E (2015) Single nucleotide 
polymorphisms in thymic stromal lymphopoietin gene are not associated 
with aspirin-exacerbated respiratory disease susceptibility – a pilot study in a 
Japanese population. J Allergy Ther 6: 214.

44. Kurosawa M, Sutoh Y, Yukawa T, Hozawa S, Sutoh E (2015) Solute carrier 
family 6 member 12 gene polymorphisms in Japanese patients with aspirin-
exacerbated respiratory disease. J Allergy Ther 6: 220.

45. Cameron L, Webster RB, Strempel JM, Kiesler P, Kabesch M, et al. (2006) 
Th2 cell-selective enhancement of human IL13 transcription by IL13-1112C>T, 
a polymorphism associated with allergic inflammation. J Immunol 177: 8633-
8642.

46. Kohyama K, Abe S, Kodaira K, Yukawa T, Hozawa S, et al. (2011) IL-13 and 
IL-17A gene polymorphisms in Japanese patients with aspirin-exacerbated 
respiratory disease. Ann Allergy Asthma Immunol 107: 510-516.

47. Sakagami T, Witherspoon DJ, Nakajima T, Jinnai N, Wooding S, et al. (2004) 
Local adaptation and population differentiation at the interleukin 13 and 
interleukin 4 loci. Genes Immun 5: 389-397.

48. Jiang L, He B, Zhao MW, Ning LD, Li XY, et al. (2005) Association of gene 
polymorphisms of tumour necrosis factor-alpha and interleukin-13 with chronic 
obstructive pulmonary disease in Han nationality in Beijing. Chin Med J (Engl) 
118: 541-547.

49. Sadeghnejad A, Meyers DA, Bottai M, Sterling DA, Bleecker ER, et al. (2007) 
IL13 promoter polymorphism 1112C/T modulates the adverse effect of tobacco 
smoking on lung function. Am J Respir Crit Care Med 176: 748-752.

50. Graves PE, Kabesch M, Halonen M, Holberg CJ, Baldini M, et al. (2000) A 
cluster of seven tightly linked polymorphisms in the IL-13 gene is associated 
with total serum IgE levels in three populations of white children. J Allergy Clin 
Immunol 105: 506-513.

51. Liu X, Nickel R, Beyer K, Wahn U, Ehrlich E, et al. (2000) An IL13 coding region 
variant is associated with a high total serum IgE level and atopic dermatitis in 
the German multicenter atopy study (MAS-90). J Allergy Clin Immunol 106: 
167-170.

52. Heinzmann A, Mao XQ, Akaiwa M, Kreomer RT, Gao PS, et al. (2000) Genetic 
variants of IL-13 signalling and human asthma and atopy. Hum Mol Genet 9: 
549-559.

53. Zheng T, Zhu Z, Wang Z, Homer RJ, Ma B, et al. (2000) Inducible targeting 
of IL-13 to the adult lung causes matrix metalloproteinase- and cathepsin-
dependent emphysema. J Clin Invest 106: 1081-1093.

54. Barnes PJ (2000) Chronic obstructive pulmonary disease. N Engl J Med 343: 
269-280.

55. Saha S, Mistry V, Siva R, Parker D, May R, et al. (2008) Induced sputum and 
bronchial mucosal expression of interleukin-13 is not increased in chronic 
obstructive pulmonary disease. Allergy 63: 1239-1243.

56. Wills-Karp M (2004) Interleukin-13 in asthma pathogenesis. Immunol Rev 202: 
175-190.

Citation: Kurosawa M, Sutoh E, Sutoh Y (2015) Interleukin (IL)-13, IL-17A, and 
Mast Cell Chymase Gene Polymorphisms in Bronchial Asthma and Chronic 
Obstructive Pulmonary Disease - A Pilot Study in a Japanese Population. J 
Allergy Ther 6: 224. doi:10.4172/2155-6121.1000224

OMICS International: Publication Benefits & Features
Unique features:

•	 Increased	global	visibility	of	articles	through	worldwide	distribution	and	indexing
•	 Showcasing	recent	research	output	in	a	timely	and	updated	manner
•	 Special	issues	on	the	current	trends	of	scientific	research
Special features:
•	 700	Open	Access	Journals
•	 50,000	editorial	team
•	 Rapid	review	process
•	 Quality	and	quick	editorial,	review	and	publication	processing
•	 Indexing	at	PubMed	(partial),	Scopus,	EBSCO,	Index	Copernicus	and	Google	Scholar	etc
•	 Sharing	Option:	Social	Networking	Enabled
•	 Authors,	Reviewers	and	Editors	rewarded	with	online	Scientific	Credits
•	 Better	discount	for	your	subsequent	articles
Submit	your	manuscript	at:	http://www.omicsonline.org/submission/

http://dx.doi.org/10.4172/2155-6121.1000224
http://www.ncbi.nlm.nih.gov/pubmed/19210369
http://www.ncbi.nlm.nih.gov/pubmed/19210369
http://www.ncbi.nlm.nih.gov/pubmed/11264709
http://www.ncbi.nlm.nih.gov/pubmed/11264709
http://www.ncbi.nlm.nih.gov/pubmed/12097409
http://www.ncbi.nlm.nih.gov/pubmed/12097409
http://www.ncbi.nlm.nih.gov/pubmed/12097409
http://www.ncbi.nlm.nih.gov/pubmed/8173772
http://www.ncbi.nlm.nih.gov/pubmed/8173772
http://www.ncbi.nlm.nih.gov/pubmed/8173772
http://www.ncbi.nlm.nih.gov/pubmed/9403729
http://www.ncbi.nlm.nih.gov/pubmed/9403729
http://www.ncbi.nlm.nih.gov/pubmed/9403729
http://www.ncbi.nlm.nih.gov/pubmed/10887338
http://www.ncbi.nlm.nih.gov/pubmed/10887338
http://www.ncbi.nlm.nih.gov/pubmed/10887338
http://www.ncbi.nlm.nih.gov/pubmed/10887338
http://www.ncbi.nlm.nih.gov/pubmed/22034650
http://www.ncbi.nlm.nih.gov/pubmed/22034650
http://www.ncbi.nlm.nih.gov/pubmed/22034650
http://www.ncbi.nlm.nih.gov/pubmed/25006428
http://www.ncbi.nlm.nih.gov/pubmed/25006428
http://www.ncbi.nlm.nih.gov/pubmed/25006428
http://www.ncbi.nlm.nih.gov/pubmed/25006428
http://www.ncbi.nlm.nih.gov/pubmed/8468056
http://www.ncbi.nlm.nih.gov/pubmed/8468056
http://www.ncbi.nlm.nih.gov/pubmed/8468056
http://www.ncbi.nlm.nih.gov/pubmed/8468056
http://www.ncbi.nlm.nih.gov/pubmed/15248847
http://www.ncbi.nlm.nih.gov/pubmed/15248847
http://www.ncbi.nlm.nih.gov/pubmed/15248847
http://www.ncbi.nlm.nih.gov/pubmed/15248847
http://www.ncbi.nlm.nih.gov/pubmed/15924217
http://www.ncbi.nlm.nih.gov/pubmed/15924217
http://www.ncbi.nlm.nih.gov/pubmed/15924217
http://www.ncbi.nlm.nih.gov/pubmed/15924217
http://www.ncbi.nlm.nih.gov/pubmed/18973102
http://www.ncbi.nlm.nih.gov/pubmed/18973102
http://www.ncbi.nlm.nih.gov/pubmed/18973102
http://www.ncbi.nlm.nih.gov/pubmed/18973102
http://www.ncbi.nlm.nih.gov/pubmed/19537836
http://www.ncbi.nlm.nih.gov/pubmed/19537836
http://www.ncbi.nlm.nih.gov/pubmed/17507545
http://www.ncbi.nlm.nih.gov/pubmed/17507545
http://www.ncbi.nlm.nih.gov/pubmed/17507545
http://www.ncbi.nlm.nih.gov/pubmed/17507545
http://www.ncbi.nlm.nih.gov/pubmed/22878278
http://www.ncbi.nlm.nih.gov/pubmed/22878278
http://www.ncbi.nlm.nih.gov/pubmed/22878278
http://www.ncbi.nlm.nih.gov/pubmed/22878278
http://www.ncbi.nlm.nih.gov/pubmed/25224359
http://www.ncbi.nlm.nih.gov/pubmed/25224359
http://www.ncbi.nlm.nih.gov/pubmed/25224359
http://www.omicsonline.org/open-access/a-pilot-study-on-effect-of-beta2adrenergic-receptor-gene-polymorphism-onresponse-to-fluticasoneformoterol-inhaler-in-patients-with-persistent-asthma-2155-6121-1000208.php?aid=44277
http://www.omicsonline.org/open-access/a-pilot-study-on-effect-of-beta2adrenergic-receptor-gene-polymorphism-onresponse-to-fluticasoneformoterol-inhaler-in-patients-with-persistent-asthma-2155-6121-1000208.php?aid=44277
http://www.omicsonline.org/open-access/a-pilot-study-on-effect-of-beta2adrenergic-receptor-gene-polymorphism-onresponse-to-fluticasoneformoterol-inhaler-in-patients-with-persistent-asthma-2155-6121-1000208.php?aid=44277
http://www.omicsonline.org/open-access/single-nucleotide-polymorphisms-in-thymic-stromal-lymphopoietin-gene-arenot-associated-with-aspirinexacerbated-respiratory-disease-susceptibility--apilot-study-in-a-japanese-population-2155-6121-1000214.pdf
http://www.omicsonline.org/open-access/single-nucleotide-polymorphisms-in-thymic-stromal-lymphopoietin-gene-arenot-associated-with-aspirinexacerbated-respiratory-disease-susceptibility--apilot-study-in-a-japanese-population-2155-6121-1000214.pdf
http://www.omicsonline.org/open-access/single-nucleotide-polymorphisms-in-thymic-stromal-lymphopoietin-gene-arenot-associated-with-aspirinexacerbated-respiratory-disease-susceptibility--apilot-study-in-a-japanese-population-2155-6121-1000214.pdf
http://www.omicsonline.org/open-access/single-nucleotide-polymorphisms-in-thymic-stromal-lymphopoietin-gene-arenot-associated-with-aspirinexacerbated-respiratory-disease-susceptibility--apilot-study-in-a-japanese-population-2155-6121-1000214.pdf
http://www.omicsonline.org/open-access/solute-carrier-family-6-member-12-gene-polymorphisms-in-japanese-patientswith-aspirinexacerbated-respiratory-disease-2155-6121-1000220.php?aid=61744
http://www.omicsonline.org/open-access/solute-carrier-family-6-member-12-gene-polymorphisms-in-japanese-patientswith-aspirinexacerbated-respiratory-disease-2155-6121-1000220.php?aid=61744
http://www.omicsonline.org/open-access/solute-carrier-family-6-member-12-gene-polymorphisms-in-japanese-patientswith-aspirinexacerbated-respiratory-disease-2155-6121-1000220.php?aid=61744
http://www.ncbi.nlm.nih.gov/pubmed/17142763
http://www.ncbi.nlm.nih.gov/pubmed/17142763
http://www.ncbi.nlm.nih.gov/pubmed/17142763
http://www.ncbi.nlm.nih.gov/pubmed/17142763
http://www.ncbi.nlm.nih.gov/pubmed/22123380
http://www.ncbi.nlm.nih.gov/pubmed/22123380
http://www.ncbi.nlm.nih.gov/pubmed/22123380
http://www.ncbi.nlm.nih.gov/pubmed/15215888
http://www.ncbi.nlm.nih.gov/pubmed/15215888
http://www.ncbi.nlm.nih.gov/pubmed/15215888
http://www.ncbi.nlm.nih.gov/pubmed/15820084
http://www.ncbi.nlm.nih.gov/pubmed/15820084
http://www.ncbi.nlm.nih.gov/pubmed/15820084
http://www.ncbi.nlm.nih.gov/pubmed/15820084
http://www.ncbi.nlm.nih.gov/pubmed/17615386
http://www.ncbi.nlm.nih.gov/pubmed/17615386
http://www.ncbi.nlm.nih.gov/pubmed/17615386
http://www.ncbi.nlm.nih.gov/pubmed/10719301
http://www.ncbi.nlm.nih.gov/pubmed/10719301
http://www.ncbi.nlm.nih.gov/pubmed/10719301
http://www.ncbi.nlm.nih.gov/pubmed/10719301
http://www.ncbi.nlm.nih.gov/pubmed/10887320
http://www.ncbi.nlm.nih.gov/pubmed/10887320
http://www.ncbi.nlm.nih.gov/pubmed/10887320
http://www.ncbi.nlm.nih.gov/pubmed/10887320
http://www.ncbi.nlm.nih.gov/pubmed/10699178
http://www.ncbi.nlm.nih.gov/pubmed/10699178
http://www.ncbi.nlm.nih.gov/pubmed/10699178
http://www.ncbi.nlm.nih.gov/pubmed/11067861
http://www.ncbi.nlm.nih.gov/pubmed/11067861
http://www.ncbi.nlm.nih.gov/pubmed/11067861
http://www.ncbi.nlm.nih.gov/pubmed/10911010
http://www.ncbi.nlm.nih.gov/pubmed/10911010
http://www.ncbi.nlm.nih.gov/pubmed/18699941
http://www.ncbi.nlm.nih.gov/pubmed/18699941
http://www.ncbi.nlm.nih.gov/pubmed/18699941
http://www.ncbi.nlm.nih.gov/pubmed/15546393
http://www.ncbi.nlm.nih.gov/pubmed/15546393
http://dx.doi.org/10.4172/2155-6121.1000224

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Subjects and clinical assessment 
	Genotyping of IL-13, IL-17A and CMA1 polymorphisms 
	Statistical analysis 

	Results 
	Discussion
	Authors’ Contributions 
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	References

