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Abstract :

Type 2 T helper lymphocytes (Th2 cells) and their cytokine products are important in the pathogenesis
of asthma. CD14 functions as a multifunctional receptor for bacterial cell wall components and is likely
to play a role in the modulation of Th1-Th2 response during early childhood. Signal transducer and
activator of transcription factor (Stat) 6 is a transcription factor essential for Th2 cell differentiation. The
way passive smoking affects childhood asthma is still a mystery. A part of children at the indoor tobacco
exposure were not have the asthma expression; therefore, the sensitive factor of a role at asthma will be
observed. And cigarette smoke has been shown to decrease epithelial-cell adherence and to increase
detachment, the cell adhesion molecule E-cadherin plays an essential role in the formation and
maintenance of normal architecture and function of epithelial tissues; therefore, human CDH1 gene
might be related to the cause of asthma. In the present study, the hypothesis that polymorphisms in the
CD14 -159, CD14 -260, STAT6 G2964A and CDH1-160 genes are associated with childhood asthma
were examined under a hospital-based case-control study. A total of 357 children were recruited into our
study. Independent interviews with parents by our well-trained research assistants with a semi-structured
clinical questionnaire during the study period. The smoking history of subject’s family members will be
included the number of cigarettes smoked daily, and the duration the child was exposed to
environmental tobacco smoke. Allergen test was performed by an intracutaneous skin test with Taiwan
common aeroallergens. The genotypes of CD14 -159, CD14 -260, STAT6 G2964A and CDH1-160 were
identified by polymerase chain reaction (PCR). Our results revealed that allergen test-positive children
with the CD14 -159 TT/CT genotype (RR;, = 6.3; 95% CI = 2.0-20.4), the STAT6 G2964A AA/GA
genotype (RRy, = 8.9; 95% CI = 2.8-27.9), and the CDHI -160 AA/CA genotype (RRy, = 19.9; 95% CI =
4.6-87.0) had a higher risk of asthma development than did allergen test-negative children with the
CD14 -159 CC genotype, the STAT6 GG genotype, and CDH1-160 CC genotype, respectively. Further,
assess the indoor tobacco exposure and sensitive genotype about the risk of asthma development.
Children with the CDH1-160 AA/CA genotype and exposure 0-5 cigarettes smoked daily (RRy, = 1.9;
95% CI = 0.9-4.2), and exposure surpassed in 5 cigarettes smoked daily (RRy, = 3.1; 95% CI = 1.1-8.5)
had a higher risk of asthma development than allergen test-positive children with the CDH1-160 CC
genotype. These results suggested that susceptible CD14, STAT6 and CDH1 genotypes may modulate
the asthma development in smoking-exposed children.

KEY WORDS: CD14 gene; STAT6 gene; CDH1 gene; childhood asthma; Allergen.
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Abstract

Type 2 T helper lymphocytes (Th2 cells) and their cytokine products are important in
the pathogenesis of asthma. CD14 functions as a multifunctional receptor for bacterial
cell wall components and is likely to play a role in the modulation of Th1-Th2
response during early childhood. Signal transducer and activator of transcription
factor (Stat) 6 is a transcription factor essential for Th2 cell differentiation. In the
present study, the hypothesis that polymorphisms in the CD14/-159, CD14/260, and
STAT6 G2964A genes are associated with childhood asthma were examined under a
hospital-based case-control study. A total of 70 asthmatic children and 138 potential
controls were recruited into our study. Allergen test was performed by an
intracutaneous skin test or by MAST (Multiple Antigen Simultaneous Test) with
Taiwan common aeroallergens. The genotypes of CD14 C-159T, C-260T, and STAT6

G2964A were identified by polymerase chain reaction (PCR). Our results revealed
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that allergen test-positive children with the CD14/-159 TT genotype (RR,, = 6.4; 95%
CI=1.0-42.7, P = 0.05), the CD14/-260 TT genotype (RR,, = 7.5; 95% CI =
1.0-54.57, P = 0.05), and the STAT6 G2964A AA (RR,,=10.0; 95% CI =2.3-4.5,P <
0.01) had a higher risk of asthma development than did allergen test-negative children
with the CD14/-159 CC genotype, the CD14/-260 CC genotype, and STAT6 GG
genotype, respectively. Further analysis revealed that allergen-test positive children
with more susceptible genotypes of CD14/-159 TT, CD14/-260 TT, and STAT6 AA,
were more likely to develop asthma. These results suggested that susceptible CD14

and STAT6 genotypes may modulate the asthma development in allergen-exposed

children.

KEY WORDS: CD14 gene; STAT6 gene; childhood asthma; Allergen.

Introduction

Asthma is a chronic disease characterized by variable airway obstruction, airway
hyperresponsiveness (AHR), airway inflammation and remodeling [1]. Importantly,
prevalence of asthma has been increasing to 8.2% in Taiwanese children in 2001 [2].
Changes in environmental factors more likely play an important role on asthma
development, such as life style, diet, air pollution, allergen exposure, and microbial
environment [3-5], while children are more likely to develop asthma than adults,
stemming from a combination of genetic and environmental causes.

The two major subsets of CD4 " T helper cells, termed Th1 and Th2, secrete
mutually distinct profiles of cytokines and thereby coordinate different classes of

immune response [6, 7]. Thl cells secrete interleukin (IL)-2, interferon (IFN)-y, and

tumor necrosis factor (TNF)-3, whereas Th2 cells produce IL-4, IL-5, IL-6, IL-10, and
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IL-13. Polarization of an immune response toward a Th2 phenotype may prove
harmful if directed against an otherwise innocuous environmental antigen, as occurs in
the pathogenesis of allergic diseases like asthma. The Th2 cytokines control all the
major components that characterize an inflammatory asthmatic response, including
immunoglobulin E (IgE) isotype switching, mucus production, and the recruitment
and activation of eosinophils.

Studies have suggested that bacterial infections in infancy may protect against the
development of allergy [8]. It was also hypothesized that bacterial signals play a
functional role in the maturation of the Th1-type immune response, thereby
suppressing the Th2-type response, which may produce an atopic phenotype [9].
Microbial products, such as lipopolysaccharides (LPS), can provide activation signals
for Th1-maturation. An important high-affinity receptor for LPS and other bacterial
wall components is CD14 [10], a 55-kD glycosylphosphatidylinositol-anchored
protein localized on monocytes, macrophages, and polymorphonuclear cells [11].
Binding of LPS to CD14 is facilitated by lipopolysaccharide-binding protein.

The cytokines IL-12 and IL-4 direct the differentiation of Th1 and Th2 cells,
respectively, from naive T helper cells [6, 7]. In addition, previous studies have
revealed that, like most other cytokines, IL-4 and IL-12 activate the Janus
kinase-signal transducer and activator transcription factor (Jak-Stat) signaling cascade
[12-14]. In this signaling pathway, binding of a cytokine to its receptor leads to the
activation of members of the JAK family of receptor-associated kinases. These
kinases subsequently activate, via tyrosine phosphorylation, preexistent cytoplasmic
factors termed Stats. Tyrosine phosphorylation allows the Stat proteins to dimerize
and translocate to the nucleus, where they mediate changes in gene expression by

binding specific DNA elements.
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The IL-4 stimulates Jak1 and Jak3 to activate Stat6 [14]. In contrast, IL-12 leads
to the activation of Jak2 and Tyk2 and the subsequent phosphorylation of Stat4.
Several groups have also investigated the expression and activation of STAT6 in
asthmatic individuals. Peripheral blood lymphocytes from asthmatic and allergic
patients do not display significant differences in the level of STAT6 activity relative
to healthy controls [15], but these patients do have a higher density of
STAT6-expressing cells in their airways [16], intriguingly, the density of these
STAT6-expressing cells is significantly higher in atopic than in nonatopic asthmatics.
One recent study of subjects with severe asthma confirms that such patients show
significantly elevated airway levels of STAT6 and also identifies the major
STAT6-expressing cell type in this tissue as the bronchial epithelial cell [17].

The human CD14 is localized on chromosome 5q31.1 [18]. The polymorphism
in the CD14 gene promoter is located near the Spl recognition sequence factor, which
is necessary for CD14 expression [19]. In the promoter region of the CD14 gene, a
C-to-T transition was identified at position -159 upstream from the major transcription
site, and was also reported to be associated with atopy [20]. In addition, Hubacek et al.
[21] indicated that healthy volunteers without acute illness showed that the C-to-T
transition at position -260 upstream affects the level of CD14 gene expression, and
thus we suppose that this increased density is permanent and genetically determined.
Thus, the genetic variation in the CD14 gene could explain the accumulation of
childhood asthma. Moreover, the human STAT6 gene maps to chromosome
12q13.3-q14.1 [22]. Interestingly, the allele frequencies for STAT6 G2964A in the
Japanese (G allele 76%, A allele 24%) and the British populations (G allele 33%, A
allele 67%) are quite different [23], this may suggest the “genetic heterogeneity”

among and within ethnic groups.
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Therefore, we designed a hospital-based case-control study to evaluate the
effects of susceptibly genetic polymorphisms of CD14 and STAT6 on the risk of

childhood asthma, and that might provide insights into the asthma development.

Materials and methods
Identification for cases and controls

This study was approved by the ethic committee of Chung-Shan Medical
University. Study subjects aged 5-12 years old had been recruited from Chung-Shan
Medical University Hospital in central Taiwan, and were accessible to patients from
all socioeconomic classes. Cases were selected from the pediatric asthma outpatient
clinic of Chung-Shan Medical University Hospital, and they were fulfilled the
American Thoracic Society’s criteria for reversible airway disease (i.e., bronchia
asthma) as determined by a pediatrician [24]. In addition, children who have no
previous diagnosis of asthma, no asthma symptoms such as wheezing and cough were
defined as control in this study. A 1: 2 ratio of cases to controls was used in this study.
Healthy controls were matched to cases on age (+ 5 years), gender, and parental
education status. All subjects must be able to give clinical history and informed
consent. In total, 70 cases and 138 controls were included in the analysis conducted

herein.

Interview

Independent interviews with parents by our well-trained research staffs with a
semi-structured clinical questionnaire during the study period. The semi-structured
questionnaire contained questions which covered demographic characteristics, life

styles including habits of family members’ cigarette-smoking, incense burning at
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home, textile work at home, pet feeding, home dampness, or observed cockroaches in
bedroom during the past year, as well as family history of asthma. The smoking
history of subject’s family members included the number of cigarettes smoked daily,
and the duration the child was exposed to environmental tobacco smoke. Home
dampness was defined as the presence of any one of the following during the past year:
visible mold or mildew growth on surfaces inside the home, standing water, within the
home, water damage, or leakage of after into the building. Family history of asthma

was defined as asthma within the first-degree relatives of the test subjects.

Allergen test

Allergen test was performed by an intracutaneous skin test or by MAST (Multiple
Antigen Simultaneous Test) with Taiwan common aeroallergens, including house dust,
American cockroach, and dust mite (standardized mite Dermatophagoides farinae,
standardized mite Dermatophagoides pteronyssinus) as Lee et al. [25] suggested
previously. A positive skin test was considered to be present if the largest wheal

diameter was > 5 mm.

Genotyping of polymorphic CD14 and STAT6 genes

Briefly, for the CD14/-159 gene analysis, restriction fragment length
polymorphism (RFLP) was detected by differences in Avall sites in the promoter
region following polymerase chain reaction (PCR) amplification, using method
described in 2001 by Koppelman et al. [26]. Venous blood was collected in
heparinized tube from all subjects then further to extract DNA. Primers used for the
amplification of CD14/-159 gene were 5’- GTG CCA ACA GAT GAG GTT CAC -3

and 5’- GCC TCT GAC AGT TTATGT AAT C -3°. One half microliter of DNA was

22



added to a PCR buffer containing 200 ng of primers, 1.5 mM MgCl,, 0.2 mM of
dNTPs, 50 mM KCl, 10 mM Tris-HCI (pH = 8.3) and 0.1% of BSA in a final volume
of 50 ul. Amplification was carried out under conditions that the denaturing step was
conducted at 96°C for 40 sec, annealing at 56°C for 40 sec, and extension at 72°C for
50 sec. The PCR products were digested with Avall. Homozygous CC individuals
exhibited a product fragment of 497-bp, whereas homozygous TT individuals
revealed a 353-bp and a 144-bp fragment, and heterozygous CT individuals
demonstrated all three fragments (Fig. I). The CD14/-260 polymorphism was
determined by a modification of the methods described in 2001 by Zee et al. [27]. The
sequences of CD14 -260 primers were 5’- TGA GGA TCA TCC TTT TCC CAC AC
-3'and 5’- CAG GCT TCA CAATTG TGA ACT CTT -3°. Amplification was carried
out under conditions similar to those described for the CD14/-159, except denaturing
step was conducted at 94°C for 30 sec, annealing at 60°C for 45 sec, and extension at
74°C for 1 min. The PCR products were digested with HaeIll. Homozygous TT
individuals exhibited a product fragment of 318-bp, whereas homozygous CC
individuals revealed a 172-bp and a 146-bp fragment, and heterozygous CT
individuals demonstrated all three fragments (Fig. II).

Similar to the CD14 gene analysis, the STAT6 G2964-BsaHI polymorphism was
determined by a modification of the methods developed by Amoli et al. [28]. Primers
used for the amplification of STAT6 gene are 5’- GAA GTT CAG GCT CTG AGA
GAC -3’ and 5°- CCA TCA CCC TCA GAG AGC -3’. The cycling parameters consist
of an initial incubation of 3 min at 95°C, following by 35 cycles of 1 min at 95°C, 1
min at 57°C, and 1 min at 72°C. The reaction was terminated after a final extension of
5 min at 72°C. The PCR products were also digested with BsaHI. The digested

products were visualized on 4.0% agarose gels stained with ethidium bromide.
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Homozygous GG individuals exhibited a product fragment of 93-bp, whereas
homozygous AA individuals revealed a 74-bp and a 19-bp fragment, and

heterozygous AG individuals demonstrated all three fragments (Fig. I1I)

Statistical analysis

Matched relative risk (RR,,) and corresponding 95% confidence interval (CI) on
childhood asthma were evaluated for the CD14/-159 genotype, the CD14/-260
genotype, STAT6 G2964A genotype, family history of asthma, passive smoking
exposure status, home dampness, pet feeding, incense burning, or cockroaches during
the past year, and allergen test using a conditional logistic regression model.
Additionally, allergen test result and susceptible CD14/-159, CD14/-260, STAT6
G2964A genotypes together were also taken into multiple conditional logistic
regression model to determine their association with asthma development. All P

values were calculated from two-tailed statistical tests.

Results

In total, 208 children (128 boys and 80 girls) were involved in this study. Their
ages ranged from 5 to 12 years old (mean, 9.9 years). Basic characteristics and
genotype frequencies of CD14/-159, CD14/-260, and STAT6 G2964A of the study
subjects are shown in Table I. 66.3% of the parents of study subjects had achieved
greater than a senior high school education. A significantly higher proportion of
family history of asthma was found in our cases than controls (RRy, = 3.6, 95%C.1. =
1.4-8.9; P =0.01). The frequencies for STAT6 G2964A AA genotype among the
cases was significantly higher from that among controls (38.6% vs. 25.4%), and those

carrying STAT6 AA genotype experienced a 2.2-fold risk of asthma development

24



compared to those carrying STAT6 GG genotype (95% C.I. = 1.0-5.1, P = 0.06).
However, there were no significant differences in the distribution of CD14/-159, and
CD14/-260 between both asthma case and matched control groups.

Furthermore, the matched RRs for asthma development based on various
environmental factors are shown in Table II. Children whose parents smoked had a
decreased asthma risk than did children whose parents did not smoke (RR;, = 0.5;

95% CI=10.2-0.9, P = 0.04). Similarly, inverse associations were also found between
incense burning at home (RR,, = 0.2; 95% CI =0.1-0.3, P <0.01), pet feeding (RR,, =
0.4; 95% CI=0.2-1.0, P =0.06), and observed cockroaches in bedroom (RR;, = 0.6;
95% CI =0.3-1.0, P = 0.07) with childhood asthma development. Increase risk in
childhood asthma was also associated with allergy test positive (RRy, = 6.5; 95% CI =
3.2-13.2) compared to subjects with allergen test negative. However, no significant
association was found between cigarette smoke exposed status, textile work at home,
and home dampness and the risk of developing childhood asthma in our study
children.

The adjusted RRs for childhood asthma were calculated to investigate the joint effect
of allergen test results and metabolic genotype and are shown in Table III. After adjusting
for the effects of family history of asthma, parental smoking status, incense burning at
home, pet feeding, and observed cockroaches in bedroom, using the allergen test-negative
with the CD14/-159 CC genotype as a reference (RR,, = 1.0), an obvious risk of asthma
development was observed for those individuals having experienced allergic sensitization
and possessing the CD14/-159 TT genotype (RRy, = 6.4; 95% CI = 1.0-42.7, P = 0.05). In
the allergen test-negative group, those with CD14/-159 TT genotype had also a higher risk
of asthma (RRy, = 2.1; 95% CI = 0.3-14.8), although it was not statistically significant.

When CD14/-159 was replaced by CD14/-260 in the statistical analysis, individuals with
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allergen test-positive and the CD14/-260 TT genotype had a greater risk of developing

asthma than those with allergen test-negative and the CD14/-260 CC genotype (RR,, = 7.5;

95% CI =1.0-54.57, P = 0.05). Children with allergen test-positive and the STAT6

G2964A AA genotype also had elevated risk of developing asthma compared to those with

allergen test-negative and STAT6 GG genotype (RRy,, = 10.0; 95% CI =2.3-4.5, P <0.01).
Subsequently, we also performed a model analysis to evaluate the combined effects

of CD14/-159 and STAT6 G2964A genotypes adjusted for family history of asthma,

parental smoking status, incense burning at home, pet feeding and observed

cockroaches in bedroom (Fig. IV). When children with allergen test-negative and

carried none or one of susceptible genotype were used as a reference, those with 2

susceptible genotypes (CD14/-159 TT and STAT6 AA) had higher risk of asthma

development, especially allergen test-positive children (RR,, = 13.2, 95%C.1. =

2.4-72.4,P <0.01). When CD14/-159 was replaced by CD14/-260 in our statistical

analysis, similar result was also be found that children with 2 susceptible genotypes

(CD14/-260 TT and STAT6 AA) had higher risk of asthma development, especially

allergen test-positive children (RRy, = 33.8, 95%C.1. = 3.4-337.9, P <0.01) when

those with allergen test-negative and carried none or one of susceptible genotype were

used as a reference.

Discussion

Asthma is a complex multifactorial disease with an obvious genetic predisposition,
immunological aberration, and involvement of noxious environmental factors [3-5].
Atopy is the immune disorder of hypersensitivity to some agents such as house dust,
dust mites, and cockroach [24]. Atopy is also the leading cause of childhood asthma

[29]. In our study, allergen-test positive children also experienced a significantly
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higher risk of asthma development. A crucial control mechanism lies in the character
of the helper T lymphocytes and their associated cytokine products [6, 7]. Thl
lymphocyte development is primed by IL-12 and is associated with IFN-y and IL-2
cytokine production; these Thl cytokines play a crucial role in the development of
cell-mediated immunity. Th2 lymphocyte development is primed by IL-4, is
associated with IL-5 and IL-13 cytokine production and promotes the secretion of IgE,
and the recruitment of eosinophil. These Th2 mechanisms are central to the
development of hypersensitivity to environmental antigens in atopy.

CD14 is a receptor that has specificity for lipopolysaccharides (LPS) and other
bacterial wall-derived components [10]. Engagement of CD14 by these bacterial
components is associated with strong IL-12 responses by antigen-presenting cells [30].
It is well established that IgE responses are regulated by inhibitory signals derived
from Th1-type cells and by stimulatory signals provided by Th2-type cells [6]. In the
promoter region of the CD14 gene, a C-to-T transition was identified at position -159
upstream from the major transcription site, and was also reported to be associated
with atopy [26]. Among Caucasian children, those with homozygous TT genotype had
higher serum levels of sCD14 than those with homozygous CC genotype. In addition,
among skin test-positive children, homozygotes with the TT genotype had lower
levels of serum total IgE and a lower number of positive skin prick tests, when
compared with the pooled group of subjects carrying CC and CT [26]. However, a
recent study also indicated that -159 T allele was more common among patients with
nonatopic asthma and food allergy than among control subjects [31]. In addition, a
C-to-T transition at position -260 upstream was also identified; such genetic variant
affects the level of CD14 gene expression. In our study, allergen test-positive children

with the CD14/-159 TT genotype, and the CD14/-260 TT genotype had a higher risk
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of asthma development than did allergen test-negative children with the CD14/-159
CC genotype, or the CD14/-260 CC genotype, respectively. Our findings suggested
that CD14 genetic variation might alter expression of CD14, and this might regulate
the proportion of Th2- to Th1-type cells responding to environmental allergen stimuli,
thus increasing subsequent asthma development.

In addition to CD14, in our study, allergen test-positive children with the STAT6
G2964A AA genotype also experienced a higher risk of asthma development. STAT6
is suggested to be involved in IL-4 and IL-13 signaling pathway [32, 33]. IL-4
induces the proliferation of T-lymphocytes and is important for the differentiation of
Th2-cells [6]. It is well known that elevated numbers of activated Th2-cells, mast cells
and eosinophils, both in the bronchial mucosa and in bronchoalveolar lavage fluid, are
constant features of asthma [34] as well as increased serum IgE levels for the atopic
form. Although, Duetsch et al. [35] identified 13 single-nucleotide polymorphisms
(SNPs) in STAT6 and tested them for association with asthma in 108 Caucasian
sib-pairs, neither the SNPs nor a GT repeat in exon 1 showed linkage/association to
asthma, two groups of investigators found associations of G2964A genotype in the 3’
untranslated region of the STAT6 gene with asthma and mild-type atopy [28] and nut
allergy [36]. An animal study also indicated that the initial aerosol antigen challenge
allows limited numbers of specific Th2 cells to enter the lung in a Stat6-independent
process [34]. Once in the lung these Th2 cells secrete cytokines, such as IL-4 and
IL-13, that activate resident pulmonary cells in a Stat6-dependent manner to secrete
chemokines active on Th2 cells and eosinophils. These chemokines then amplify the
Th2 response by attracting large numbers of Th2 cell and eosinophils. Recruited Th2
cells then induce mucus production and airway hyperresponsiveness in a

Stat6-dependent manner. However, our data regarding the association between a
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common genetic variant of STAT6 with more asthma, may be relevant to the complex
relationship between allergen stimuli and asthma and allergy. Many studies have
reported positive relationships between allergen exposure and asthma, but have not
taken into account pertinent molecular genetic variants. Interestingly, our further
analysis revealed that allergen-test positive children with more susceptible genotypes
of CD14/-159 TT, CD14/-260 TT, and STAT6 AA, were more likely to develop
asthma. Take together, such findings suggest that important element may be a
relationship, through STAT6 genetic variation in Th-2 immune signaling, in which
those with heavy allergen burdens with CD14 expression are more likely to manifest
asthma. Future epidemiological studies into the relationship between allergen
exposure and asthma/allergy therefore need to take into account genetic variants in
Th-2 signaling.

Familial aggregation of asthma has frequently been noted [37], suggesting that a
positive family history might be used to identify children at risk as our study, and that
familial risk of asthma could be due to genetic factors or shared environmental factors.
Children spend their most of their time indoors. It is, therefore, important to consider
the effects that exposure to indoor air pollutants may have on children’s asthma
development. In our study, 44.3% of asthmatic cases and 60.1% of matched controls
were exposed to environmental tobacco smoke. Compare to controls, environmental
tobacco smoke exposure in our cases were less, and this maybe reflect a change from
parents’ behavior due to the awareness of children’s health. Thus Taiwanese asthmatic
children may not have regular chances to be exposed to tobacco smoke from their
family members, the effects of passive smoking on asthma in children are less likely
to appear in our case-control study. Similar phenomenon was also observed an

inversely association between suspected environmental factors including incense
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burning at home, pet feeding and observed cockroaches in bedroom with asthma risk.
In addition, in our study, these indicators were self-reported and, therefore, were
subjective, and could have resulted in misclassification of exposure and reduce the
observed associations. Lastly, there is concern about that the small sample size in our
study limits statistical power to detect a small increase in risk.

In conclusion, we report the association of the susceptible CD14 and STAT6
genotypes with asthma in the Taiwanese children. Those allergic children, particularly
those with susceptible CD14 and STAT6, may need intensive medical screening,

particularly for asthma.
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CC CT TT

497 bps

353 bps

144 bps

Fig. I. PCR-RFLP analysis for CD14/-159 genotypes. Extracted genomic DNAs were
subjected to PCR amplification specific for a CD14 region followed by a Avall
digestion and then electrophoresis on an agarose gel. The presence of a band (497
bps), 3 bands (497, 353, and 144 bps), and 2 bands (353 and 144 bps) indicated

homozygous CC, heterozygous CT and homozygous TT, respectively.
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318 bps

172 bps
146 bps

Fig. II. PCR-RFLP analysis for CD14/-260 genotypes. Extracted genomic DNAs
were subjected to PCR amplification specific for a CD14 region followed by a Haelll
digestion and then electrophoresis on an agarose gel. The presence of a band (318
bps), 3 bands (318, 172, and 146 bps), and 2 bands (172 and 146 bps) indicated

homozygous TT, heterozygous CT and homozygous CC, respectively.

37



93 bps
74 bps

Fig. I11. PCR-RFLP analysis for STAT6 G2964A genotypes. Extracted genomic
DNAs were subjected to PCR amplification specific for a STAT6 region followed by
a BsaHI digestion and then electrophoresis on an agarose gel. The presence of a band
(93 bps), 3 bands (93, 74, and 19 bps), and 2 bands (74 and 19 bps) indicated

homozygous GG, heterozygous AG and homozygous AA, respectively.
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Table L. Basic characteristics and genotype frequencies of CD14/-159, CD14/-260, and

STAT6 G2964A among childhood asthma cases and matched controls.

Variables Cases Controls Matched Risk Ratio®
n=70 n=138 RR,  95%C.L
Gender
Boys 43 (61.4%) 85 (61.6%)
Girls 27 (38.6%) 53 (38.4%)
Parental education
Below junior high school 24 (34.3%) 46 (33.3%)
High school 43 (61.4%) 86 (62.3%)
Above college 3 (4.3%) 6 (4.4%)
Family history of asthma
Yes 13 (18.6%) 8 (5.8%) 3.6 1.4-8.9"
No 57 (81.4%) 130 (94.2%) 1.0
CD14/-159 genotype
TT 21 (30.0%) 46 (33.3%) 0.9 0.4-2.0
CT 35 (50.0%) 66 (47.8%) 1.0 0.5-2.1
CcC 14 (20.0%) 26 (18.9%) 1.0
CD14/-260 genotype
TT 25 (35.7%) 46 (33.3%) 1.0 0.4-2.3
CT 31 (44.3%) 66 (47.8%) 0.9 0.4-1.9
CcC 14 (20.0%) 26 (18.9%) 1.0
STAT6 G2964A genotype
AA 27 (38.6%) 35 (25.4%) 22 1.0-5.1°
AG 31 (44.3%) 69 (50.0%) 1.3 0.6-2.8
GG 12 (17.1%) 34 (24.6%) 1.0

* Controls were matched to cases on age, gender, and parental education status.

“P<0.01,"P=10.06
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Table II. Matched relative risk (RRy,) and 95% confidence intervals (CI) of

environmental factors in childhood asthma cases compared with matched controls.

Variables Cases Controls Matched Relative Ratio®
n="70 n=138 RR;, 95% C.I.

Parental smoking status
Yes 16 48 0.5 0.2-0.9"
With household smoking restriction 15 35 0.6 0.3-1.3
No 39 55 1.0

Cigarette smoke exposed status
> 20 cigarettes/day 10 25 0.4 0.1-1.9
10-20 cigarettes/day 12 26 0.6 0.2-1.8
0-9 cigarettes/day 48 87 1.0

Incense burning at home
Yes 20 95 0.2 0.1-0.3"
No 50 43 1.0

Textile work at home
Yes 7 10 1.4 0.5-3.9
No 63 128 1.0

Pet feeding
Yes 8 31 0.4 0.2-1.0f
No 62 107 1.0

Home dampness
Yes 3 16 0.3 0.1-1.2
No 67 122 1.0

Observed cockroaches in bedroom
Yes 26 70 0.6 0.3-1.0f
No 44 68 1.0

Allergen test
Positive 58 59 6.5  32-1327
Negative 12 79 1.0

* Controls were matched to cases on age, gender, and parental education status.

P <0.01, 0.01 <P <0.05,70.05 <P <0.10.
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Table II1. Adjusted relative risk and 95% confidence intervals (CI) of allergen test with CD14/-159, CD14/-260, and STAT6 G2964A genotypes

in childhood asthma cases compared with matched controls.

Variables Allergen test positive Allergen test negative
Cases Controls Adjusted RRy, (95% C.1.)* Cases Controls Adjusted RRy, (95% C.1.)*
n=58 n=59 n=12 n=79
CD14/-159 genotype
TT 15 18 6.4 (1.0-42.7)" 6 28 2.1(0.3-14.8)
CT 31 28 5.9 (1.0-35.4)" 4 38 0.6 (0.1-4.5)
CcC 12 13 6.1 (0.9-41.5) 2 13 1.0
CD14/-260 genotype
TT 18 17 7.5 (1.0-54.5)" 7 29 2.0 (0.3-14.6)
CT 28 26 5.2 (0.8-35.1) 3 40 0.4 (0.0-3.8)
CcC 12 16 4.0 (0.5-28.7) 2 10 1.0
STAT6 G2964A genotype
AA 24 17 10.0 (2.3-4.5)"" 3 18 2.2(0.3-14.9)
AG 25 31 7.4 (1.8-30.6)"" 6 38 1.7(0.4-8.3)
GG 9 11 10.8 (2.0-56.7)" " 3 13 1.0

‘Relative ratios were adjusted for family history of asthma, parental smoking status, incense burning at home, pet feeding and observed

cockroaches in bedroom, and controls were matched to cases on age, gender, and parental education status.

P <0.01, 0.01 <P <0.05.
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Fig. IV. Adjusted relative risk (RR) of asthma development by allergen test with

susceptible CD14 and STAT6 genotypes after adjusting for potential confounding

variables. * RR;, (95% confidence interval, and sample number).
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