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Abstract

Transforming growth factor-beta (TGF-β) and its re-
ceptors have been suggested to play key roles in the 
pathogenesis of asthma. The aim of this study was to 
evaluate the effects of genetic variations in the TGF-β 
receptor type III (TGFBR3) on asthma and on its related 
phenotypes in the general population. A cohort of 2,118 
subjects aged from 10 to 18 years responded to a ques-
tionnaire concerning asthma symptoms and risk 
factors. Methacholine airway hyperresponsiveness 
(AHR), skin test responses to common aeroallergens, 
and serum total IgE levels were evaluated in the cohort. 
A total of 19 SNPs for TGFBR3 were found using direct 
re-sequencing in 24 healthy adults. Of these, in-
formative SNPs [+44T＞C (S15F) and +2753G＞A at 
3'UTR] were selected and scored using the high 

throughput single base extension method. Atopy was 
identified in subjects with 44T＞C allele [P = 0.04, OR 
(95% CI) = 0.79 (0.62-0.99)] and in subjects with Ht1 
(CG) more frequently than in subjects with other hap-
lotypes [P = 0.04, OR (95% CI) = 1.27 (1.01-1.59)]. The 
A allele in 2753G>A was more common in subjects with 
non-atopic asthma [OR (95% CI) = 1.76 (1.01-3.05)]. A 
significant association was found between non-atopic 
asthma and 44T_2753A [OR (95% CI) = 2.16 (1.22-3.82)]. 
Genetic variations in TGFBR3 appear to be associated 
with a genetic predisposition to development of asth-
ma and to phenotypes of asthma. Also, the minor allele 
2753G and the haplotype TA in the TGFBR3 gene were 
associated with a pathogenesis of non-atopic asthma.

Keywords: Asian continental ancestry group; asth-
ma; polymorphism, single nucleotide; receptors, 
transforming growth factor β

Introduction

Asthma is a chronic inflammatory disorder of the 
airways that is characterized by airway hyperres-
ponsiveness (AHR) and airway remodeling 
(Holgate, 2002). Asthma is a complex phenotype 
that is clinically difficult to define. This difficulty is 
associated with intermediate phenotypes, such as 
atopy and AHR, that have provided useful 
objective alternatives in genetic and epidemiologic 
studies (Wiesch et al., 1999; Kim et al., 2002; 
Townley and Horiba, 2003). 
    Transforming growth factor beta (TGF-β) is a 
secreted protein that regulates proliferation, 
differentiation, and death in various cell types 
(Moustakas et al., 2002). In addition to  impacting 
embryogenesis, cancer, and matrix formation, it 
has profound effects on the immune system (Chen 
and Wahl, 2002). Deletion of TGF-β in mice leads 
to spontaneous T cell activation, infiltration of 
lymphocytes and macrophages into multiple 
organs, and massive inflammation leading to death 
in mice 3-4 weeks of age (Shull et al., 1992). 
TGF-β appears to have both pro- and 
anti-inflammatory functions and may participate in 
the initiation, progression, and resolution of 
inflammatory and immune responses in the 
airways (Catherine et al., 2003; Carsten et al., 



TGFBR polymorphism and asthma    421

Figure 1. Genomic organization of 
TGFBR III and pairwise linkage dis-
equilibium of 19 informative SNPs in 
the general population. The SNPs 
selected for scoring are shown in 
bold. Individual identified SNPs and 
their locations are shown in the 
gene. Distributions of 19 screened 
SNPs of TGFBR3 (minor allele fre-
quency＞2%) on human chromo-
some 1p33-p32. Bold letters in-
dicate locations of the informative 
SNPs, +44C＞T [S15F (Serine →
Phenylalanine at codon 15)] in exon 
3 and 2753G＞A (3'UTR) in exon 
18 that were identified.

2004). TGF-β is also involved in airway remodeling 
in asthma, being implicated in connective tissue 
remodeling, repair, and fibrosis (Mauviel, 2005; 
Wiebke et al., 2005). 
    In TGF-β signaling pathways, three TFG-β re-
ceptors (TGFBRs) have been identified, including 
type I, II, and type III receptors. Upon TGF-β binding 
to type II receptors, TGF-βRI is subsequently 
recruited and phosphorylated. TGF-β initiates cellular 
signaling by either binding to type III receptors, 
which then present TGF-β to the type II receptors, 
or by binding to type II receptors directly (Blobe et 
al., 2001). However, common signal transduction is 
performed through a heteromeric complex of type I 
and II transmembrane serine/threonine kinase 
receptors (Dijke and Hill, 2004). Although TGF-β 
type III receptors are thought to have an accessory 
function, they have an essential role in facilitating 
TGF-β binding (Sankar et al., 1995). 
    There are several reports of association studies 
for TGF-β gene polymorphism and asthma (Nagpal 
et al., 2005; Mak et al., 2006). Nagpal et al. 
showed an association between -800G/A and 
-509C/T polymorphisms in the TGF-β gene in an 
Indian population with asthma, and -509C/T also 
affected the serum levels of TGF-β1. TGF-β1 gene 

polymorphism was identified in Chinese patients 
with asthma in Hong Kong, and -509C/T and 
869T/C were associated with asthma susceptibility 
in atopic subjects. SNP may play a role in the 
pathogenesis of airflow obstruction. This needs 
references Research involving TGF-β receptors is, 
so far, lacking. TGF-β receptors have an important 
function in the signal transduction process in 
mediation of the biological effects of cytokine. This 
study focused on TGFBR3 and we evaluated 
genetic variations associated with asthma and its 
intermediate phenotypes atopy and AHR in a 
cohort of 2,118 children and adolescents in a 
Korean population. 

Results

Screening and scoring of SNPs in the TGFBR3 gene

A total of 19 SNPs of TGFBR3 were screened to 
identify informative SNPs (minor allele frequency 
＞2%) (Table 1). Two informative SNPs in the 
TGFBR3 gene, +44C＞T [S15F (Serine → Pheny-
lalanine at codon 15)] in exon 3 and 2753G＞A 
(3'UTR)-exon 18, were identified (Figure 1). The 
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SNP SNP rs No. HWE %Geno MAF(Position) (Location)
  1 exon3 -38G/A 1805109 0.606 100.0% 50.0%
  2 exon3 S15F 1805110 1   95.8% 45.7%
  3 exon4 A72A 2810904 0.688   91.7% 31.8%
  4 intron4 IVS4-40C/T       - 1   87.5% 40.5%
  5 intron5 IVS5+103G/A 3738441 0.819   87.5% 26.2%
  6 intron5 IVS5-118G/A       - 1   91.7% 22.7%
  7 intron5 IVS5-81T/C       - 0.049   91.7% 34.1%
  8 intron5 IVS5-77T/C       - 0.943   91.7% 45.5%
  9 exon6 S173S 2306888 0.448   91.7% 11.4%
10 intron6 IVS6-71T/C       - 1   95.8% 37.0%
11 exon10 P401P 1805112 0.957   79.2% 36.8%
12 exon14 F675F 1805113 1   91.7%   4.5%
13 exon15 T748T 284878 0.534   91.7% 22.7%
14 exon16 G764R       - 1   87.5%   7.1%
15 exon18 (3'UTR) 2572G/A (3'UTR) 1131243 1   91.7%   9.1%
16 exon18 (3'UTR) 2710G/A (3'UTR) 1805115 1   87.5%   9.5%
17 exon18 (3'UTR) 2753G/A (3'UTR) 1805116 1   83.3% 10.0%
18 exon18 (3'UTR) 3010A/G (3'UTR) 1805117 1 100.0%   8.3%
19 exon18 (3'UTR) 3836A/G (3'UTR) 1804506 0.139   83.3% 50.0%

HWE, Hardy-Weinberg equilibrium; MAF, minor allele frequency.

Table 1. Identified SNPs in the TGFBR3 gene and their characteristics.

TGFBR3 S15F (+44C＞T) +2753G＞A Frequency
HT1 C G 52%
HT2 T G 35%
HT3 T A   9%
HT4 C A   4%

Table 2. Haplotype frequency C44T and G2753A polymorphism 
of TGFBR3 in the cohort.

distributions of these two loci were in a Hardy - 
Weinberg equilibrium (P = 0.12 for S15F and P = 
0.56 for 2753G＞A). The genotype frequencies of 
individual SNPs in the general population were 
examined and four haplotypes〔Ht1 (CG), Ht2 
(TG), Ht3 (TA), and Ht4 (CA)〕were reconstructed 
(Table 2). 

Genetic effects of individual SNPs in the TGFBR3 
gene on IgE responses to allergens 

Th2 sensitization to aeroallergens is an important 
risk factor for asthma and AHR and is known to 
have genetic components. Thus, we evaluated the 
association of genetic variations in the TGFBR3 
gene with IgE responses to common aeroallergens 
in the general population. Atopy (defined as a 
positive skin test response to one or more common 
aeroallergens) was significantly associated with 
44T＞C allele [P = 0.04, OR (95% CI) = 0.79 

(0.62-0.99) in a recessive model of the minor 
allele]; however, this phenotype was not asso-
ciated with +2753G＞A polymorphism (Table 2). 
Haplotype analysis showed that atopy was more 
common in subjects with Ht1 (CG) than in subjects 
with other haplotypes [P = 0.04, OR (95% CI) = 
1.27 (1.01-1.59) respectively, in a dominant model] 
(Figure 2).

Effects of individual SNPs and their haplotypes in the 
TGFBR3 gene on asthma according to atopic status 

We evaluated associations between variations in 
the TGFBR3 gene and asthma according to atopic 
status in the general population. The prevalence of 
asthma (defined as a current wheezing plus a 
positive AHR) was significantly greater in subjects 
with the +2753A [P = 0.01, OR (95% CI) = 1.66 
(1.12-2.45) in a dominant model of the minor allele] 
(Tables 4 and 5). 
    Haplotype analysis showed that the asthma 
prevalence was significantly greater in subjects 
with Ht3 (TA) versus other haplotypes [P = 0.01, 
OR (95% CI) = 1.72 (1.12-2.64) in a dominant 
model. In terms of the genetic effects of SNPs of 
the TGFBR3 gene on atopic and non-atopic 
asthma, among atopic subjects the frequencies of 
individual SNPs of S15F and +2753G＞A were 
similar in asthmatic subjects. The S15F and 
+2753G＞A haplotypes were similar in atopic 
asthmatic subjects. However, among non-atopic 
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Figure 2. Association between the 
haplotypes of the skin index and to-
tal IgE (Ht1 dominant model). 
Haplotype analysis showed that ato-
py was greater in subjects with Ht1 
(CG) than in subjects with the other 
haplotypes [P = 0.04, OR (95% CI)
= 1.27 (1.01-1.59) in a dominant 
model]. Haplotype analysis of total 
serum IgE showed that Ht1 was 
more prevalent than other hap-
lotypes (P = 0.008 in a dominant 
model).

Phenotypes Genotype Dominant (P*) Recessive (P*)
Atopy† S15F(+44C＞T)

CC CT TT
+    233 (36.9%) 404 (36.7%) 126 (32.5%) 0.94 0.04
-    399 (63.1%) 640 (63.3%) 261 (67.5%)

+2753G＞A
GG GA AA

+    580 (36.4%) 176 (38.9%)   10 (35.7%) 0.36 0.89
- 1,013 (63.6%) 277 (61.1%)   18 (64.3%)
Log (total IgE) S15 (+44C＞T)
 (IU/mL)‡ CC CT TT

2.33 ± 2.50 2.41 ± 2.59 2.32 ± 2.54 0.62 0.01
+2753G＞A   

GG GA AA
2.38 ± 2.57 2.37 ± 2.53 2.14 ± 2.09 0.31 0.26

*Models of the minor allele. (dominant : CC vs. CT+TT/ GG vs. GA+AA, recessive : CC+CT vs. TT/ GG+GA vs. AA); †Positive skin test responses to one 
or more common aeroallergens, expressed as No. (%); ‡Mean ± SD.

Table 3. Genetic effects of individual SNPs in the TGFBR3 gene on IgE responses to common aeroallergens in the general population.

subjects, the A allele in +2753G＞A was signifi-
cantly more common in subjects with asthma than 
in non-asthmatic subjects (P = 0.04 in a dominant 
model of the minor allele), although S15F polymor-
phism was not associated with asthma prevalence. 
Haplotype analysis showed that, among non-atopic 
subjects, the asthma prevalence was significantly 
greater in subjects with Ht3 (TA) [P = 0.007, OR 
(95% CI) = 2.16 (1.22-3.82) in a dominant model] 
(Table 6).

Discussion

The TGFBR3 gene is located on 1p33-p32 and 
encodes a protein (300 kDa) of 849 amino acids 
with a single transmembrane domain and a short 
stretch of the intracellular domain (More ́n et al., 
1992). We screened 19 SNPs of TGFBR3 using 

direct re-sequencing, 13 of which (68%) were 
available on a public database. Two informative 
SNPs, +44C＞T (S15F) and 2753G＞A (3'UTR), 
were selected for genetic consideration.
    The number of examined individuals or families 
is important when drawing conclusions from genetic 
association studies. Greater statistical power can 
be achieved by increasing the sample size than by 
increasing the number of polymorphisms, and the 
sampling of 500 individuals provided sufficient 
repeatability to detect the presence of causative 
polymorphisms with a relatively small effect (Long 
and Langley, 1999). Thus, the more than 2,000 
subjects involved in this study provided for strong 
repeatability. 
    SNPs are promising genetic markers for the 
purpose of complex disease gene hunting. Almost 
5 million of the estimated 10 million SNPs have 
been identified to date and, of these, over 3 million 
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Genotypes S15F(+44C＞T) Dominant* Recessive*

Phenotypes CC CT TT P** value OR (95% CI) P** value OR (95% CI)
Asthma†

+   35 (8.5%)   72 (10.9%)   26 (10.4%) 0.21 1.30 (0.86-1.94) 0.82 1.05 (0.66-1.66) 
- 376 (91.5%) 590 (89.1%) 223 (89.6%)

Atopic asthma‡

+   19 (13.9%)   37 (25.5%)   11 (16.7%) 0.65 1.14 (0.64-2.03) 0.69 1.15 (0.57-2.35)
- 118 (87.1%)  206 (74.5%)   55 (83.3%)

Non-atopic asthma§

+   14 (5.3%)   35 (8.5%)      15 (8.3%) 0.10 1.66 (0.90-3.07) 0.62 1.17 (0.64-2.13)
- 252 (94.7%) 376 (91.5%) 165 (91.7%)

*Models of the minor allele (dominant : CC vs. CT+TT, recessive : CC+CT vs. TT); **P value from multiple logistic regression analysis after adjusting for 
confounders, such as age, sex, a family history of allergic diseases, passive smoking history, and the vaccination history, †Current wheezing in subjects 
with enhanced airway hyperresponsiveness (AHR), expressed as No. (%), ‡Current wheezing plus enhanced AHR in atopic subjects, expressed as No. 
(%). §Current wheezing plus enhanced AHR in non-atopic subjects, expressed as No (%).

Table 4. Genetic effects of S15F(+44C＞T) in the TGFBR3 gene on asthma subtypes in the general population.

Genotypes +2753G>A Dominant* Recessive*

Phenotypes GG GA AA P** value OR (95% CI) P** value OR (95% CI)
Asthma
+   90 (8.8%)   40 (13.6%) 2 (20.0%) 0.01 1.65 (1.12-2.45) 0.29 2.28 (0.48-10.87)
- 933 (91.2%) 255 (86.4%) 8 (80.0%)
Atopic asthma
+   46 (13.5%)   20 (19.2%) 1 (100%) 0.10 1.16 (0.91-2.85) 0.20 1.69 (0.90-3.17)
- 296 (86.5%)   84 (80.8%) 0 (0%)
Non-atopic asthma
+   42 (6.3%)   20 (10.6%) 1 (11.1%) 0.04 1.76 (1.01-3.05) 0.66 2.50 (0.19-12.96)
- 622 (93.7%) 169 (89.3%) 8 (88.9%)

*Models of the minor allele (dominant: GG vs. GA+AA, recessive : GG+GA vs. AA), **P value from multiple logistic regression analysis after adjusting for 
confounders, such as age, sex, a family history of allergic diseases, passive smoking history, and the vaccination history.

Table 5. Genetic effects of +2753G>A in the TGFBR3 gene on asthma subtypes in the general population.

have been assigned as "rsSNPs" in dbSNP (NCBI 
dbSNP build 110). However, it has been demon-
strated that these genetic variations show signi-
ficant ethnic differences. Of the 458 SNPs in 161 
disease candidate genes collected from a publicly 
available SNP database, 43.9% were polymorphic 
in the Korean population, whereas 44.5% were 
monomorphic (Han et al., 2004). 
    Association studies of cSNPs within candidate 
genes, which result in amino acid changes, have 
the potential to identify genetic factors in complex 
genetic disorders, including asthma, and are 
generally more powerful than linkage studies in this 
respect (Risch and Merikangas, 1996). Thus, we 
tagged SNPs in the TGFBR3 gene and found two 
informative SNPs. 
    Genetic variations of the T allele in 44C＞T SNP 
of TGFBR3 appeared to be associated with 
reduced IgE responses to common environmental 

aeroallergens. However, atopy was more prevalent 
in subjects with Ht1 (CG) haplotypes. It is likely 
that S15F in TGFBR3 is a more important genetic 
marker for predicting Th2 sensitization to an 
allergen than is +2753G＞A. 
    Airway allergic inflammation and AHR are the 
hallmarks of asthma and appear to be central to 
the pathogenesis of asthma. With respect to the 
immunological pathogenesis of asthma, Th2 
cytokines, such as IL-4, IL-5, IL-9, and IL-13, are 
considered to be key mediators of the development 
of asthma phenotypes, such as airway inflamma-
tion and AHR (Mosmann et al., 1986; Kim et al., 
2008). IL-13 is now believed to be a central 
mediator in the development of allergic asthma 
(Wills-Karp et al., 1998). TGF-β1 is a key 
downstream mediator in the development of IL-13 
mediated asthma phenotypes. TGF-β1 is believed 
to participate in myofibroblast phenotypic changes 
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                         Dominant* Recessive* Haplotypes Case Control OR (95% CI) OR (95% CI)                            (P**) (P**)
Asthma

HT1 (CG) 129 (9.3%) 1,257 (90.8%) 0.29 0.89 (0.57-1.38) 0.11 0.69 (0.44-1.09)
HT2 (TG)   91 (9.7%)    848 (90.3%)     0.91 0.97 (0.68-1.14) 0.53 0.83 (0.48-1.47)
HT3 (TA)   32 (14.6%)    187 (85.4%)     0.01 1.72 (1.12-2.64) 0.73 0.94 (0.73-1.24)
HT4 (CA)   12 (12.5%)      84 (87.5%) 0.49 1.25 (0.65-2.43) 0.45 2.25 (0.25-20.37)

Atopic asthma
HT1 (CG)   66 (13.8%)    411 (86.2%) 0.47 0.78 (0.39-1.54) 0.23 0.23 (0.33-1.31)
HT2 (TG)   46 (14.9%)    263 (85.1%) 0.89 0.93 (0.55-1.58) 0.84 1.09 (0.49-2.43)
HT3 (TA)   13 (19.7%)      53 (90.3%) 0.25 1.48 (0.76-2.89) 0.26 1.43 (0.76-2.70)
HT4 (CA)     9 (22.5%)      31 (77.5%) 0.31 1.52 (0.67-3.47) 0.17 1.69 (0.78-3.63)

Non-atopic asthma
HT1 (CG)   59 (6.5%)    827 (93.5%) 0.49 0.81 (0.45-1.47) 0.21 0.67 (0.35-1.27)
HT2 (TG)   45 (7.3%)    572 (92.7%) 0.71 1.10 (0.65-1.86) 0.48 0.75 (0.33-1.67)
HT3 (TA)   19 (12.5%)    133 (87.5%) 0.007 2.16 (1.22-3.82) 0.30 1.69 (0.62-4.63)
HT4 (CA)     3 (5.5%)      52 (94.5%) 0.67 0.78 (0.23-2.56) 0.58 0.71 (0.22-2.33)

*The dominant model of HT1 was analyzed using HT1/HT1+HT1/Others vs. Others/Others, the recessive model of HT1 was HT1/HT1 vs. HT1/Others+ 
Others/Others, **P value from multiple logistic regression analysis after adjusting for confounders, such as age, sex, a family history of allergic diseases, 
passive smoking history, and the vaccination history.

Table 6. Association between haplotypes in the TGFBR3 gene and asthma in the general population.

resulting in airway remodeling due to over-
expression in IL-13 TG(+) mice (Lee et al., 2001). 
These findings suggest that TGF-β1 signaling 
pathways are negatively associated with AHR. We 
found that positivity in methacholine AHR was 
small, but statistically significant in subjects with 
the A allele in 2753G＞A, whereas it was not 
significant in other alleles and in any haplotype. 
Therefore, genetic variations in this site may be 
partly associated with development of AHR. 
    The idea that Th2 cytokines can enhance AHR 
by promoting inflammatory cell recruitment remains 
popular (Venkayya et al., 2002). However, induction 
of AHR can occur in the absence of allergic airway 
inflammation (Ichinose et al., 2000). Our results 
suggest that variants of the TGFBR3 gene are 
associated with more positive effects on AHR than 
is the atopic status. Nevertheless, a study of TFG-β 
showed that plasma TGF-β1 levels were more 
elevated in stable non-atopic asthma than in atopic 
asthma (Joseph et al., 2003). This study showed 
that the statistical power of the association with 
nonatopic asthma was markedly greater for the Ht3 
(TA) haplotype than for the 2753A allele alone. 
Although Th2 sensitization to allergens and airway 
inflammation are important in asthma, expression 
of asthma is also determined by the biologic 
functions of airway smooth muscle cells or 
myofibroblasts by inducing subepithelial and lung 
parenchymal fibrosis (Martin et al., 2000). In terms 
of the genetic effects of individual SNPs in the 
TGFBR3 gene on expression of AHR, we suggest 
that the A allele in 2753G＞A is associated with 

asthma pathogenesis via airway hyperreactivity. 
    One important issue for genetic association 
studies is that an imprecise definition of a disease 
phenotype can cause discrepancies in results. For 
asthma association studies, variations of asthma 
phenotype definitions in genome-wide association 
studies are large and vary from loose definitions 
based only on clinical histories, to strict definitions 
based on clinical symptoms and objective parame-
ters, such as reversible airway obstruction and 
AHR. In this study, asthma was strictly defined 
based on wheezing during the previous 12 months 
(as determined by questionnaire) and by the 
presence of a positive AHR. In terms of the genetic 
effects of SNPs of the TGFBR3 gene on asthma 
prevalence, this study showed that the prevalence 
of asthma, especially non-atopic asthma, was 
significantly greater in subjects with the Ht3 (TA) 
haplotype. However, this correlation was weakly 
associated with individual SNPs in the TGFBR3 
gene, which suggests that haplotype analysis is 
more informative than individual SNP analysis. The 
association between the prevalence of asthma and 
genetic variations in the TGFBR3 gene was 
remarkable in non-atopic subjects, but not in atopic 
subjects. This finding suggests that genetic varia-
tions in the TGFBR3 gene are partly associated 
with development of non-atopic asthma. 
    In summary, the minor allele in 2753G＞A and 
the haplotype 44T_2753A of the TGFBR3 gene 
were associated with the prevalence of asthma, 
especially non-atopic asthma. These findings 
suggest that genetic variations in TGF-β receptors 
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are important genetic markers for predicting the 
development of asthma.

Methods

Subjects

A cohort of 2,118 ethnic Korean subjects (1,033 male and 
1,085 female) aged from 10 to 18 years living in rural areas 
of Jeju Island, Korea was randomly recruited. Parents gave 
written informed consent, and the study protocol was 
approved by the Ethics Committee of Seoul National 
University Hospital. All subjects responded to a ques-
tionnaire concerning asthma symptoms and risk factors. 
The questionnaire, developed by the International Study of 
Asthma and Allergic disease in Children (ISAAC), was 
translated into Korean following guidelines developed by 
ISAAC (Kim et al., 2001). Questions concerning asthma 
symptoms were concentrated on a recurrent wheezing and 
a nocturnal cough in the absence of respiratory tract 
infection over the preceding 12 month period. Questions 
on risk factors covered a family history of allergic disease, 
a history of passive smoking, and the vaccination history, 
including measles, M. tuberculosis, and the hepatitis B 
virus.
    None of the subjects had been treated or had used oral 
or inhaled bronchodilators for five days preceding metha-
choline bronchial provocation testing (MBPT). Subjects 
who had contracted an upper respiratory tract infection 
during the two week period prior to the study were 
excluded from the methacholine challenge. A total of 2,055 
subjects underwent methacholine challenge, as previously 
described (Kim et al., 2001). Methacholine AHR was 
expressed as PC20, and regarded as positive if the PC20 
was ＜ 16 mg/ml. 
    To evaluate Th2 sensitization to allergens, serum total 
IgE levels were determined and skin prick testing against 
common aeroallergens was performed. Total serum IgE 
levels were determined in 2,058 subjects using ELISA 
(Kim et al., 1999). Subjects who had received oral 
antihistamines during the five days prior to skin prick 
testing or had dermographism were excluded from the skin 
prick testing. A total of 2,047 subjects underwent skin prick 
testing against 11 common aeroallergens (Allergopharma, 
Germany) as previously described (Kim et al., 2002). Atopy 
was defined as a positive skin prick test response 
(allergen/histamine ratio ＞1.0 plus a mean wheal size ＞4 
mm) to one or more allergens. The skin index was defined 
as the number of positive skin tests. Asthma was defined 
when a subject had a current wheeze by questionnaire and 
showed a positive AHR. Atopic or non-atopic asthma was 
classified based on the presence of atopy. 

Genotyping

Sequencing and SNP: After isolating genomic DNA from 
the peripheral blood of 24 healthy Korean subjects using a 
QIAamp DNA blood kit following the manufacturer's 
instruction (Qiagen, Hilden, Germany), 2 kb of the 
5'-upstream region in the promoter and all exons including 
the exon - intron boundaries of TGFBR3 were amplified 

using PCR [Reference genome sequences; NM_000358 
(TGFBI), NM_003243 (TGFBR3) released on 2 Mar 2006]. 
Amplified PCR products were sequenced using a Big Dye 
Terminator Cycle Sequencing Ready Reaction Kit (Applied 
Biosystems, Foster City) in both directions according to 
standard protocols. After sequencing of TGFBR3, 19 
genetic polymorphisms with minor allele frequencies of 
greater than 2% were identified. Of these, 2 SNPs [44T＞C 
(S15F); a nonsynonymous SNP, and 2753G＞A; at 3'UTR 
in TGFBR3] were selected for scoring after considering 
location (SNPs in exons and promoter region had priority), 
linkage disequilibrium (LD) patterns (only one SNP, if there 
were tight LDs), and the haplotype tagging status (Table 2).

SNP scoring: Selected SNPs were scored using the high 
throughput single base - pair extension method (SNP - 
ITTM assay) with a SNPstream25K system, which was 
customized to automatically genotype DNA samples in 384 
well plates and to provide a colorimetric readout (Orchid 
Biosciences, New Jersey) (Han et al., 2004). 

Statistics

Individual SNPs and haplotypes were analyzed as three 
component variables (for example, AA, AB, and BB; where 
A is the major frequency allele or haplotype and B is the 
minor frequency allele or haplotype). Haplotypes and their 
frequencies were estimated using an expectation maximi-
zation algorithm. To determine whether one of the homo-
zygous genotypes had an effect that differed from the 
common effects of the heterozygous genotype or the other 
homozygote (i.e., AA vs. AB+BB or BB vs. AB+AA, 
dominant or recessive models, respectively), a 2 × 2 
contingency table was constructed and P values were 
obtained using a χ2 test for categorical variables. To 
determine odds ratios (ORs) and 95% confidence intervals 
(CIs), multiple logistic regression modeling was performed 
to adjust for confounding variables, such as, age, sex, a 
family history of allergic disease, a history of passive 
smoking, and the vaccination history. However, in the case 
of serum total IgE levels, the log-transformed total IgE 
levels exhibited a right skew and, thus, statistical signi-
ficance was evaluated using non-parametric methods. The 
Hardy - Weinberg equilibrium was analyzed using the χ2 
test. All statistical analyses were performed using SAS 
software (version 8.1, Cary, NC). P values of ＜ 0.05 were 
regarded as significant.
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