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Association of TGF-g,, IL-4 and IL-13 gene polymerphisms
with asthma in a Chinese population

Xue-Xi Yangl, Fen-Xia Li", Ying-Shong wu', Dong Wu?, Jia-Yu Tan® and Ming Li*

Summary

Background: Asthma is a common respiratory
disease caused by genetic and environmental
factors. It has been suggested that TGF-p;, IL-4
and IL-13 play important roles in asthma.
Obijectives: We attempted to confirm the roles of
TGF-#,, IL-4 and IL-13 polymorphisms in
asthma in a Chinese population.

Methods: Five SNPs (rs1800469, rs2241712,
rs2070874, rs20541 and rs1800925) in TGF-g,,
IL-4 and IL-13 were genotyped using the
MassArray SNP genotyping system. Allelic and
genotypic associations between these SNPs and
asthma were evaluated using logistic regression
analysis.

Results: The CT genotype of rs1800469 and T
allele of rs20541 were significantly associated
with asthma. Among atopic subjects, the CT
genotype of rs1800469 and GA genotype of
rs2241712 decreased the risk of asthma, while the
CC genotype of rs2070874 showed a decreasing
trend of asthma risk with a borderline
significance. No significant association was found
between rs1800925 and asthma.

Conclusion: In the present study, we confirmed
the association of rs1800469 in TGF-g; and
rs20541 in IL-13 with asthma and found a trend
toward association between rs2241712 in TGF-4;
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and rs2070874 in IL-4 with asthma among atopic
subjects, suggesting TGF-gy, IL-4 and IL-13 may
be associated with the susceptibility and
development of asthma in this Chinese population.
(Asian Pac J Allergy Immunol 2011;29:273-7)
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Abbreviations

TGF-p; = Transforming growth factor-f;
IL4 = Interleukin 4

IL13 = Interleukin 13

SNP = Single nucleotide polymorphisms
SD =  Standard Deviation

GINA = Global Initiative for Asthma
HWE = Hardy-Weinberg equilibrium
OR = Odds ratio

95% ClI = 95% confidence intervals
BO9D2 = B9 protein domain 2

Introduction

Asthma is a common respiratory disease
characterized by intermittent airway obstruction and
respiratory symptoms that are caused by acute and
chronic bronchial inflammation. The development
of asthma appears to be determined by genetic and
environmental factors. Many genes have been
shown to be involved in its pathogenesis®.
Transforming growth factor-p; (TGF-fy) is a
multifunctional cytokine that may influence asthma
by modulating allergic airway inflammation and
airway remodeling’. It is important in growth,
transformation, tissue repair, fibrosis and the
modulation of immune inflammatory responses®.
Interleukin 4 (IL-4) and Interleukin 13 (IL-13) are
immuno-regulatory cytokines produced by activated
T helper cells and result in the production of
immunoglobulin E by B cells®. They share a
receptor component and signaling pathways and
both play an important role in the development of
allergic airway inflammation®. To date, some SNPs
in the TGF-f,, IL-4 and IL-13 genes have been
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Table 1. Characteristics of asthma patients and healthy
controls

Variable Case subjects Control subjects
(n=202) (n=205)
Mean age (years)? 41.59+15.94 41.16420.31
Male % (n) 50.00 (101) 75.60 (155)"
FEV1 (mean SD)? 61.44+24.00 ND
FVC (mean SD)? 67.8620.24 ND
Smoking (%) 62.16 ND

ND = not done, *Mean (£SD), * P< 0.05 by xtest

reported to be associated with the development of
asthma®*°. However, not all associations have been
replicated in other populations. To address the
question as to whether some genetic variations in
TGF-B; (rs1800469, rs2241712), IL-4 (rs2070874)
and IL-13 (rs20541, rs1800925) are associated with
asthma, we performed a case-control association
study in a Chinese population.

Methods
Study subjects

All subjects in this study were recruited from the
outpatient and inpatient clinics of Nanfang Hospital,
Guangdong province, southern China, between 2006
and 2009.

Patient samples. Two hundred and two patients
with asthma were recruited. The mean age of the
asthmatic patients was 41.59 years (SD 15.94; range
11-80 years), and 50.0% of subjects were males.
The diagnosis of asthma was based on clinical
symptoms and the criteria of the Global Initiative for
Asthma (GINA)". Atopic information was derived
from the responses to questions about allergy (house
dust mite, cat and dog dander, mixed grass pollen
and mixed moulds) asked by research nurses at
diagnosis.

Normal donors. A total of 205 healthy unrelated
subjects who had neither respiratory symptoms nor a
history of asthma-related disease were recruited
after being interviewed by physicians regarding
whether they has been diagnosed with asthma or
other lung disease. The mean age of the healthy
controls was 41.16 years (SD = 20.31; range 18-89
years), and 75.6% of healthy subjects were males.

The study was approved by the NanFang
Hospital Ethics Committee and written informed
consent was obtained from all participants.

Genotyping
Genomic DNA was extracted from 200 pl of
peripheral blood using the Genomic DNA

Purification Kit from Tianamp Biotech, Beijing,

Table 2. Markers genotyped in the current study

Gene Polymorphism Other name Location Alleles
TGF-4, rs1800469 C-509T Promoter CIT
TGF-p: rs2241712 A-10807G Promoter GIA
IL-4 rs2070874 C-33T Promoter CIT
IL-13 rs20541 R110Q Exon 4 CIT
IL-13 rs1800925 C-1024T, Promoter CIT

C-1111T,

C-1055T

China according to the manufacturer’s instructions
and then stored at -70°C until use. All SNPs were
genotyped using SEQUENOM MassARRAY
matrix-assisted laser desorption ionization-time of
flight mass spectrometry platform (Sequenom,
USA). Primers were designed using a semiautomatic
method (Assay Design 3.1, Sequenom).

Statistical analysis

A significant departure of genotype frequency
from the Hardy-Weinberg equilibrium (HWE) for
each SNP was estimated using Haploview 4.2
software  (www.  broadinstitute.org/haploview/
haploview). Significant differences in genotype and
allele frequency between cases and controls were
assessed using the chi-squared test. The associations
between polymorphisms and asthma risk were
estimated by odds ratio (OR) and 95% confidence
intervals (95% CI), using binary logistic regression
analysis for age and sex as covariates under a co-
dominant model. Statistical analyses were
performed using SPSS 13.0. The significance level
was set at 0.05.

Results

The characteristics of the healthy controls and
patients with asthma are shown in Table 1. The
control subjects were well matched to asthma cases.
In age and were in Hardy-Weinberg equilibrium for
all polymorphisms addition, the gene symbol,
position and alleles for each SNP are present in
Table 2. The genotype distributions and allele
frequencies of five SNPs in healthy controls and
patients with asthma are summarized in Table 3.

In the present study, significant differences were
found in the genotype distributions of rs1800469
and rs2241712 in TGF-f; between patients and
controls (P = 0.030 and P = 0.008, respectively).
The CT genotype of rs1800469 was associated with
decreased risk for asthma (OR=0.56, 95% CI: 0.35-
0.90, P = 0.016). After adjusting for sex and age, the
significance disappeared for rs2241712. The GA genotype
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Table 3. Risk associated with the five polymorphisms

TGF-f3,, IL-4 and IL-13 gene polymorphisms with asthma

SNP Genotype Control Case p? adjusted®OR p¢
[Allele n (%) n (%) (95% CI)
rs1800469 TT 73(37.4) 54 (27.4) 0.030" 1.00
CT 88 (45.1) 115 (58.4) 0.56 (0.35-0.90)  0.016*
cc 34 (17.4) 28 (31.2) 0.91(0.48-1.71)  0.763
T 234 (60.0) 223 (56.6) 0.334 1.00
c 156 (40.0) 171 (43.4) 0.87 (0.65-1.17)  0.363
1s2241712 GG 80 (40.2) 51 (27.4) 0.008" 1.00
GA 89 (44.7) 112 (60.2) 0.57 (0.30-1.08)  0.086
AA 30 (15.1) 23 (12.4) 1.11 (0.56-2.17) 0.772
G 249 (62.6) 214 (57.5) 0.154 1.00
A 149 (37.4) 158 (42.5) 1.19 (0.88-1.61)  0.250
rs2070874 TT 131 (63.9) 132 (65.3) 0.192 1.00
cT 67 (32.7) 56 (27.7) 1.33(0.85-2.09)  0.213
cc 7(3.4) 14 (6.9) 050 (0.19-1.32)  0.163
T 329 (80.2) 320 (79.2) 0.713 1.00
c 81 (19.8) 84 (20.8) 0.99 (0.69-1.41)  0.943
rs20541 cc 90 (44.3) 105 (52.2) 0.197 1.00
CT 80 (39.4) 73 (36.3) 1.31(0.84-2.05)  0.232
TT 33 (16.3) 23 (11.4) 1.78 (0.95-3.34)  0.073
c 260 (64.0) 283 (70.4) 0.054 1.00
T 146 (36.0) 119 (29.6) 1.38 (1.02-1.88)  0.040%
rs1800925 cc 148 (72.5) 144 (74.6) 0.871 1.00
cT 50 (24.5) 43 (22.3) 1.21(0.75-1.97)  0.436
TT 6 (2.9) 6 (3.1) 1.06 (0.32-3.50)  0.925
c 346 (84.8) 331 (85.8) 0.707 1.00
T 62 (15.2) 55 (14.2) 1.15(0.76-1.73)  0.507

2P values for differences between controls and patients by x?analysis;
b adjusted for age and sex;

°P values for differences between controls and patients by logistic regression analysis;

“P <0.05.

of rs2241712 showed a trend towards association
with the risk of asthma (OR=0.57, 95% CI: 0.30-
1.08, P = 0.086). Another significant difference was
observed in the allele frequency of rs20541 in the
IL-13 gene. The T allele of rs20541 showed a 1.38-
fold significantly increased risk for the development
of asthma (95% ClI: 1.02-1.88, P =0.040) and its TT
genotype showed a trend towards an association
with increased risk for asthma (OR=1.78, 95% CI:
0.95 to 3.34, P = 0.073). As to rs1800925 in IL-13,
no significant differences were found both in
genotype and allele frequencies between patients
and controls (P = 0.871 and P = 0.707,
respectively). For rs2070874 in IL-4 gene, we also
did not find any significant differences in genotype
and allele frequencies between patients and controls
(P =0.192 and P = 0.713, respectively) as well.

The genotype distributions of five SNPs in
asthmatic patients with non-atopic and atopic status,
as compared with controls, are shown in Table 4.
Significant differences were observed in genotype
distribution for rs1800469 and rs2241712 in TGF-p;
between atopic patients and controls. The CT
genotype of rs1800469 and GA genotype of
rs2241712 were associated with a protective effect

for the development of asthma (OR = 0.36 and
OR = 0.19, respectively). Although no significant
differences were found for rs2070874 of IL-4, its
CC genotype was associated with increased risk of
asthma with a borderline significance (P = 0.054).
As to IL-13, no significant differences were found
for its two SNPs (rs20541, rs1800925) between
atopic asthmatic patients and controls.

Discussion
In the present study, we investigated the
association  between five single nucleotide

polymorphisms located in three candidate genes,
TGF-p; (rs1800469, rs2241712), IL-4 (rs2070874)
and IL-13 (rs20541, rs1800925), and asthma in a
Chinese population.

The association between rs1800469 polymorphism
and asthma was found in our study, which is consistent
with the results of previous studies in India® and
Mexico™ as well as another Chinese study’, but
contrary to the results of studies in Brazil* and the
Czech Republic™®. To date, only one article has
reported an association of rs2241712 in TGF-f; with
asthma®™. In this study, the G allele of rs2241712
was associated with decreased asthma, but this
difference was not statistically significant (OR =0.84;
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Table 4. Risk associated with the five polymorphisms of 7GF- -ﬁ ;» IL-4 and IL-13 in patients with asthma compared

with controls by atopic status

SNP/Genotype Controls Non-atopic Atopic Adjusted® OR* Adjusted® OR?
n (%) n (%) n (%) (95% Cl) (95% CI)
rs1800469 TT 73 (37.8) 18 (38.3) 9 (22.0) 1.00 1.00
cT 86 (44.6) 25 (53.2) 28 (68.3) 0.82 (0.41-1.66) 0.36 (0.15-0.86)*
cc 34 (17.6) 4(8.5) 4(9.8) 2.11 (0.65-6.87) 1.06 (0.29-3.92)
152241712 GG 80 (43.5) 17 (37.0) 6 (16.7) 1.00 1.00
GA 74 (40.2) 25 (54.3) 27 (75.0) 0.63 (0.31-1.29) 0.19 (0.07-0.53)*
AA 30 (16.3) 4(8.7) 3(8.3) 1.66 (0.50-5.48) 0.70 (0.15-3.24)
rs2070874  TT 131 (63.9) 29 (61.7) 22 (52.4) 1.00 1.00
cT 67 (32.7) 14 (29.8) 16 (38.1) 1.19 (0.57-2.50) 0.85 (0.40-1.83)
cc 7 (3.4) 4(8.5) 4(9.5) 0.32 (0.08-1.24) 0.26 (0.07-1.03)
rs20541 CcC 90 (44.3) 19 (40.4) 20 (48.8) 1.00 1.00
cT 80 (39.4) 24 (51.1) 15 (36.6) 0.71 (0.35-1.14) 1.20 (0.55-2.61)
T 33 (16.3) 4(8.5) 6 (14.6) 1.53 (0.47-4.97) 1.59 (0.52-4.82)
rs1800925  CC 148 (72.5) 28 (62.2) 29 (70.7) 1.00 1.00
cT 50 (24.5) 17 (37.8) 10 (24.4) 0.56 (0.28-1.14) 1.12 (0.49-2.55)
T 6(2.9) 0(.0) 2 (4.9) L 1.17 (0.13-10.77)

2 Adjusted for age and gender;

-® Odds ratio not calculated due to no cases with TT genotype;
OR! = controls vs. non-atopic; OR? = controls vs. atopic.

* P <0.05

95% Cl: 0.62-1.13; P = 0.250), which is consistent
with the results reported by Sharma et al®®. It is
interesting that a significant association was found
between rs2241712 and asthma among atopic
subjects and that the GA genotype was associated
with decreased asthma (OR =0.19; 95% CI: 0.07-
0.53; P = 0.002). Rs2241712 is not only located in
the promoter region of TGF-f; but also in the intron
of the B9 protein domain 2 (B9D2), which is
localized within the TGF-$; promoter and encodes a
B9 domain protein that is exclusively expressed in
ciliated organisms. Data from the International
HapMap consortium suggests that TGF-g; and
B9D2 are organized in a large haplotype block in
Caucasians (HapMap public release number 7).
Another study also reported that rs2241712 was
strongly linked with rs1800469'. Therefore, B9D2
might play similar pathogenic role in asthma as
TGF-p..

Studies on the association between rs2070874
polymorphisms in IL-4 and asthma are very
limited®®*®. Our present study did not find a
significant association with asthma, but found that
its CC genotype among atopic subjects could
increase the risk of asthma with a borderline
significance (P = 0.054), similar to several previous
studies®>*°. With respect to 1L-13, the association
between rs20541 polymorphism and asthma has
been extensively reported®'%%? We also found that
the T allele of rs20541 conveys a significantly

increased risk of asthma, which is consistent with
other studies.®?>?? For the second SNP, rs1800925
in IL-13, six studies reported its association with
asthma®**?°, However, we did not find a significant
association between rs1800925 polymorphism and
asthma. Palikhe et al.® also were unable to detect
significant difference in the genotype of this SNP
between asthma patients and controls and our results
confirm this finding. This is in contrast to results for
the white populations®?***? and a separate study in
a Chinese population®®. Inconsistency in the same
population is not surprising. Mitsuyasu et al.?’
described an association of the ile50 allele with
atopy, whereas a study by Noguchi et al.”® did not
show any association with any allele on the locus.
Taken together, the associations between two
SNPs (rs1800469 in TGF-$; and rs20541 in IL-13)
and asthma risk were confirmed in the present study.
A trend toward association was found between other
two SNPs, rs2241712 in TGF-f; and rs2070874 in
IL-4, and asthma, especially among atopic subjects.
The association of rs1800925 in IL-13 with asthma
wasn’t confirmed. These findings suggest that
polymorphisms in IL-13, IL-4, and TGF-f; genes
are associated with asthma susceptibility and
development in this Chinese population.
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