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Thymicstromal lymphopoietin(TSLP)triggersdendritic cell–mediated
T helper (Th) 2 inflammatory responses. A single-nucleotide poly-
morphism (SNP), rs3806933, in the promoter region of the TSLP gene
creates a binding site for the transcription factor activating protein
(AP)–1. The variant enhances AP-1 binding to the regulatory element,
and increases the promoter–reporter activity of TSLP in response to
polyinosinic-polycytidylic acid (poly[I:C]) stimulation in normal human
bronchial epithelium (NHBE). We investigated whether polymor-
phisms including the SNP rs3806933 could affect the susceptibility to
and clinical phenotypes of bronchial asthma. We selected three
representative (i.e., Tag) SNPs and conducted association studies of
the TSLP gene, using two independent populations (639 patients with
childhood atopic asthma and 838 control subjects, and 641 patients
with adult asthma and 376 control subjects, respectively). We further
examined the effects of corticosteroids and a long-acting b2-agonist
(salmeterol) on the expression levels of the TSLP gene in response to
poly(I:C) in NHBE. We found that the promoter polymorphisms
rs3806933 and rs2289276 were significantly associated with disease
susceptibility in both childhood atopic and adult asthma. The func-
tional SNP rs3806933 was associated with asthma (meta-analysis, P 5

0.000056; odds ratio, 1.29; 95% confidence interval, 1.14–1.47). A
genotype of rs2289278 was correlated with pulmonary function.
Moreover, the inductionofTSLPmRNAandproteinexpressioninduced
by poly(I:C) in NHBE was synergistically impaired by a corticosteroid
and salmeterol. TSLP variants are significantly associated with bron-

chial asthma and pulmonary function. Thus, TSLP may serve as
a therapeutic target molecule for combination therapy.
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Thymic stromal lymphoprotein (TSLP) is an epithelial cell–
derived cytokine that triggers dendritic cell–mediated T helper
(Th) 2 inflammatory responses, and plays an important role in
the initiation and maintenance of the allergic immune response
(1–6). A recent study showed that TSLP is released by human
epithelial cells in response to microbes, trauma, or inflamma-
tion, and potently activates mast cells (7). In humans, TSLP is
highly expressed by airway epithelial cells during allergic
inflammation (2), and the expression of the TSLP gene in
asthmatic airways is correlated with both the expression of Th2-
attracting chemokines and disease severity (3).

Large numbers of association studies on asthma and asthma-
related phenotypes using genetic polymorphisms were performed
in different populations (8). Recent studies showed roles of
human genetic polymorphisms of the TSLP gene. A variant in
TSLP was associated with reductions in IgE in response to
cockroaches and total IgE in a sex-stratified analysis (9). A
functional single-nucleotide polymorphism (SNP), rs3806933, was
identified in the regulatory element of TSLP (10). The variant
creates a binding site for activating protein–1 (AP-1), and affects
the transcriptional efficiency of the long form of TSLP induced
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Our findings suggest that thymic stromal lymphoprotein
(TSLP) polymorphisms functionally contribute to the dis-
ease susceptibility to asthma. The susceptible functional
allele may contribute to the T helper 2–polarized immunity
in asthma during viral respiratory infections. We also found
the synergistic suppression of polyinosinic-polycytidylic
acid–induced TSLP production by dexamethasone and
salmeterol.
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by stimulation with polyinosinic-polycytidylic acid (poly[I:C]) in
bronchial epithelial cells (10).

The majority of exacerbations of asthma coincide with re-
spiratory viral infections, most commonly by rhinoviruses (11).
Double stranded RNA (dsRNA), a Toll-like receptor (TLR)–3
ligand, is a potent stimulus for innate antiviral immune responses,
and poly(I:C) is thought to mimic the effects of dsRNA (12). The
inflammatory mediators IL-1b and TNF-a regulate human TSLP
gene expression, and human TSLP mRNA concentrations in-
crease after exposure to TLR2, TLR3, TLR8, and TLR9 ligands
in airway bronchial epithelial cells (13, 14). A suppressive effect
of glucocorticoid on the expression of TSLP induced in airway
epithelial cells by stimulation with the TLR3 ligand and Th2
cytokines was reported (14). In addition, several clinical studies
showed that the combination of an inhaled corticosteroid and
long-acting b-adrenergic agonist (LABA) is more efficacious in
asthma than either alone, and reduces exacerbations (15–18). We
investigated the effects of dexamethasone (DEX) and salmeterol
(SAL) on the induction of TSLP by poly(I:C).

In this study, we found that the promoter polymorphisms
reference SNPs (rs)3806933 and rs2289276 were significantly
associated with susceptibility to both childhood atopic and adult
asthma, using a case-control association study. We also found
a significant correlation between lung function and the genotype
of rs2289278. Functional analyses of the related variant rs2289276
were performed. We also found that corticosteroids and LABA
(SAL) synergistically suppressed the expression levels of TSLP
mRNA and TSLP protein production induced by dsRNA in
bronchial epithelial cells. Some results of this studies were
previously reported in the form of an abstract (19).

MATERIALS AND METHODS

Additional details on methods are provided in the online supplement.

Study Subjects and Genotyping

All subjects with asthma were diagnosed according to the criteria of the
National Institutes of Health (National Heart, Lung, and Blood
Institute), as described elsewhere (20–22). Data for forced expiratory
volume in 1 second (FEV1), forced vital capacity (FVC), and FEV1/
FVC were available for subjects with adult asthma. The clinical para-
meters of participants are summarized in Table 1. Genomic DNA was
prepared in accordance with standard protocols. Genotyping was
performed using the TaqMan allele-specific amplification method
(TaqMan-ASA; Applied Biosystems, Foster City, CA). All recruited
individuals gave written, informed consent to participate in the study,
in accordance with the rules of the Process Committee at the Center
for Genomic Medicine, Institute of Physical and Chemical Research
(Kanagawa, Japan).

Statistical Analysis

In total, 23 polymorphisms in the TSLP gene were identified in the
Japanese population (10). Pairwise linkage disequilibrium (LD) was
calculated as D9/LOD and r2, and three Tag SNPs (i.e., representative
SNP in a genomic region with high LD), rs3806933, rs2289276, and
rs2289278, were selected among seven SNPs with a frequency of
greater than 10% by using the Haploview 4.1 program (http://www.
broad.mit.edu/mpg/haploview/) (10) (Figure 1A). The functional pro-
moter SNP rs3806933 had an allele-specific effect on expression
through altering the affinity for AP-1, and the SNP was in strong LD
with rs2289276 (r2 5 0.82) (Figure 1B). To test the association between
TSLP variants and bronchial asthma, we performed a contingency x2

test. We applied Bonferroni correction. As the number of Tag SNPs
were three,we performed multiplication of P value by three. In the
association study, corrected P values of less than 0.05 were judged to be
significant. The Mantel-Haenszel method was used to combine allele
frequency datasets. Odds ratios (ORs) with 95% confidence intervals
(CIs) were also calculated. Haplotype frequencies for three loci were
estimated, and haplotype association tests were performed using
Haploview 4.1.

We further investigated associations between asthma-related
phenotypes. We examined associations between asthma-related
phenotypes (eosinophil count, serum total IgE, lung functions, and
disease severity) and variants within patients with asthma, as
described previously (22, 23). Comparisons of mRNA expression
analysis and protein expression analysis were performed with the
Student t test. Statistically significant differences in the luciferase
assay were assessed with the Bonferroni-Dunn test with two-factor
factorial ANOVAs. Statistical significance was defined at the
standard 5% level.

Computational Analysis of Transcription Factor–Binding Sites

and Biotinylated Oligonucleotide Precipitation Assay

TRANSFAC Professional 10.3 (http://www.biobase.de/pages/) was
used to predict putative transcription factor–binding sites under
the minimizing condition of the sum of false positives and false
negatives.

A biotinylated oligonucleotide precipitation assay was conducted as
described elsewhere (10). The oligonucleotides for the precipitation
assay included, for282C oligo, 59-TGGCCCCTAAGGCAGGCCTT
ACAG-39; and for 282T oligo, 59-TGGCCTCTAAGGCAGGCCTTA
CAG -39. AP-2a was detected by immunoblotting with an anti–AP-2a

antibody (C-18; Santa Cruz Biotechnology, Inc., Santa Cruz, CA).

Quantitative Real-Time RT-PCR, ELISA, and Luciferase Assay

The expression of TSLP was determined by real-time quantitative
RT-PCR, using SYBR Premix Ex Taq (Takara, Shiga, Japan). TSLP in
culture supernatants was measured using ELISA kits (R&D Systems,
Inc., Minneapolis, MN), and the reporter luciferase assays were con-
ducted as described previously (10).

TABLE 1. BASELINE CHARACTERISTICS OF PARTICIPANTS

Characteristic Childhood Asthma Control Group 1 Adult Asthma Control Group 2

Total n 639 838 641 376

Male (%) 59.4 73.4 42.8 46.8

Age (years)

Mean 9.3 49.8 51.8 50.7

Range 4–15 20–75 20–75 29–72

Atopy (n/n tested) (%) 639/639 531/596

Serum IgE (IU) 1,101.5 6 94.9 621.9 6 62.6 93.9 6 6.9

Eosinophil count (n/ml) 518.1 6 15.0 392.4 6 16.0

FVC (percent predicted value) 84.0 6 0.84

FEV1 (percent predicted value) 71.1 6 0.88

FEV1/FVC (%) 66.8 6 0.78

Definition of abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.

Values with 6 signs represent means 6 standard error.

788 AMERICAN JOURNAL OF RESPIRATORY CELL AND MOLECULAR BIOLOGY VOL 44 2011



RESULTS

Identification of TSLP Polymorphisms and Haplotypes

Associated with Asthma Susceptibility

All genotype and allele frequencies are shown in Table 2, and
those for the control and asthma groups were in Hardy-

Weinberg equilibrium. We found that the functional SNP
rs3806933 was associated with childhood atopic asthma (P 5

0.0063; OR, 1.25; 95% CI, 1.07–1.47) and adult asthma (P 5

0.0023; OR, 1.37; 95% CI, 1.12–1.67). Another SNP, rs2289276,
was also significantly associated with childhood atopic asthma
(P 5 0.00066; OR, 1.33; 95% CI, 1.13–1.57) under our allelic
model (Table 2). The directions of associations of the two SNPs
were similar in both populations. We combined the results using
a Mantel-Haenszel meta-analysis, and observed the most sig-
nificant association at rs3806933 (meta-analysis, P 5 0.000056;
OR, 1.29; 95% CI, 1.14–1.47) (Table 2). We also found a signif-
icant association under the dominant model at rs3806933 (meta-
analysis, P 5 0.00013; OR, 1.37; 95% CI, 1.16–1.62) and at
rs2289276 (meta-analysis, P 5 0.00019; OR, 1.36; 95% CI, 1.16–
1.61) (Table 2). We further conducted an association study,
using adult asthma cases that were diagnosed in childhood
(Table E1 in the online supplement). We confirmed a significant
association between rs3806933 and adult asthma diagnosed in
childhood with a similar direction of association. A recent study
showed a female-specific association between a variant of the
TSLP gene and total serum IgE and IgE to cockroach (9). We
performed a further sex-stratified analysis, but could not de-
termine the female-specific effect on the associations. Although
we surveyed associations between the three SNPs and patients
with asthma who had high eosinophil counts, high serum IgE
concentrations, and disease severity, we could not find any
association. However, the rs2289278 C allele was significantly
correlated with decreased FEV1/FVC in adult asthma (P 5

0.00021 according to the Jonckheere-Terpstra test) (Figure 2).
We next constructed the haplotypes of the three SNPs and
estimated the frequency of each haplotype in control subjects
and patients with bronchial asthma (Table E2). We identified
three common haplotypes in the population. Haplotype T-T-C
of TSLP was significantly associated with childhood atopic
asthma and adult asthma. We obtained P values of 0.00070
and 0.032, respectively, by using the Haploview 4.1 program.

To test the generalizability of our findings in other ethnic
populations, we compared our results with two recent genome-
wide association studies (GWASs) of asthma (24, 25). Markers

Figure 1 . Single-nucleotide polymorphisms (SNPs) and pairwise link-

age disequilibrium (LD) map of the thymic stromal lymphoprotein
(TSLP) gene. (A) Graphic overview of polymorphisms identified in

relation to the exon/intron structure of the human TSLP gene. Three

polymorphisms were genotyped in this study. The ATG (initiation

codon), untranslated region (UTR), and the open reading frame
(ORF) are indicated by solid triangles, open boxes, and solid boxes,

respectively. (B) Pairwise D9/LOD (left) and r2 (right) for all combina-

tions of single-nucleotide polymorphism (SNP) pairs are shown.

TABLE 2. GENOTYPE COUNTS, FREQUENCIES, AND CASE-CONTROL ASSOCIATION TEST RESULTS

db Single-Nucleotide

Polymorphism Identification
Case Control

Minor Allele

Frequencies

P Values and Odds Ratios

(with 95% Confidence Intervals)

Allele1/2 1/1 1/2 2/2 Sum 1/1 1/2 2/2 Sum Case Control Allelic Dominant Recessive

Childhood atopic asthma Control 1

rs3806933 294 269 68 631 446 311 72 829 0.32 0.27 0.0063 0.0064 0.18

2847C/T 0.47 0.43 0.11 0.54 0.38 0.09 1.25 (1.07–1.47) 1.34 (1.09–1.64) 1.27 (0.90–1.80)

rs2289276 322 256 60 638 493 288 56 837 0.29 0.24 0.00066 0.0013 0.055

282C/T 0.5 0.4 0.09 0.59 0.34 0.07 1.33 (1.13–1.57) 1.41 (1.14–1.73) 1.45 (0.99–2.12)

rs2289278 418 195 25 638 537 261 38 836 0.19 0.20 0.52 0.61 0.56

1560C/G 0.66 0.31 0.04 0.64 0.31 0.05 0.94 (0.78–1.13) 0.95 (0.76–1.17) 0.86 (0.51–1.43)

Adult asthma Control 2

rs3806933 289 274 71 634 204 143 27 374 0.33 0.26 0.0023 0.0060 0.039

2847C/T 0.46 0.43 0.11 0.55 0.38 0.07 1.37 (1.12–1.67) 1.43 (1.11–1.85) 1.62 (1.02–2.58)

rs2289276 322 264 53 639 213 138 23 374 0.29 0.25 0.034 0.044 0.21

282C/T 0.5 0.41 0.08 0.57 0.37 0.06 1.25 (1.02–1.53) 1.30 (1.01–1.68) 1.38 (0.83–2.29)

rs2289278 415 187 29 631 232 127 17 376 0.19 0.21 0.28 0.19 0.96

1560C/G 0.66 0.30 0.05 0.62 0.34 0.05 0.88 (0.71–1.11) 0.84 (0.64–1.09) 1.02 (0.55–1.88)

Combined (Mantel-Haenszel)

rs3806933 583 543 139 1265 650 454 99 1203 0.32 0.27 0.000056 0.00013 0.022

2847C/T 0.46 0.43 0.11 0.54 0.38 0.08 1.29 (1.14–1.47) 1.37 (1.16–1.62) 1.39 (1.05–1.85)

rs2289276 644 520 113 1277 706 426 79 1211 0.29 0.24 0.000076 0.00019 0.026

282C/T 0.50 0.41 0.09 0.58 0.35 0.07 1.3 (1.14–1.48) 1.36 (1.16–1.61) 1.42 (1.04–1.96)

rs2289278 833 382 54 1269 769 388 55 1212 0.19 0.21 0.25 0.23 0.69

1560C/G 0.66 0.30 0.04 0.63 0.32 0.05 0.92 (0.79–1.06) 0.90 (0.76–1.07) 0.92 (0.61–1.39)

P values of the two populations represent the x2 test for case-control comparisons under each model. db, the Single Nucleotide Polymorphism Database (dbSNP).
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rs3806932, rs2289276, and rs11466741 were included in the Illumina
panels used in the studies. Marker rs3806933 was in complete LD
with rs3806932 (D9 5 1.00 and r2 5 1.00), and rs2289276 was in
complete LD with rs11466741 (D9 5 1.00 and r2 5 1.00) in
a Japanese population (10). However, we could not replicate the
association between these TSLP variants and asthma in the
samples with African ancestry and European ancestry (Table E3).

Transcription Factor Binding to the rs2289276 SNP

We predicted a potential allelic difference in cis-acting regula-
tory function in transcription via a bioinformatics approach, and
rs2289276 (282C/T) was potentially found to alter the affinity of
a transcription factor, AP-2a, between two alleles (Figure 3A).
The sequence containing the 282C SNP on the protective allele
corresponded to the putative binding site to AP-2a, a possible
transcription suppression factor (26). We next examined the
binding of AP-2a protein to the sequences containing the
282C/T SNP, and binding was clearly detectable in both
oligonucleotides without stimulation (Figure 3B). The binding
ability of 282T was diminished compared with that of 282C,
regardless of poly(I:C) stimulation, suggesting that the higher
AP-2a binding to 282C (on the protective allele) may have
reduced its transcriptional activity through repressive effects on
transcription.

The Induction of TSLP mRNA and Protein Expression Induced

by Poly(I:C) in Normal Human Bronchial Epithelial Cells Is

Synergistically Impaired by a Corticosteroid and SAL

We investigated the effects of DEX and SAL on the induction
of TSLP by poly(I:C). We first confirmed, by ELISA, the
capability of DEX to suppress poly(I:C)-induced TSLP protein
production in normal human bronchial epithelial (NHBE)
cells. The addition of DEX 0.5 hour before or simultaneously
with poly(I:C) stimulation dramatically reduced TSLP pro-
duction in a dose-dependent manner (Figure E1). Even if
DEX was added to the NHBE medium at 1 hour after
poly(I:C) stimulation, TSLP production was also significantly
impaired (more than 50% suppression) (Figure E1). Next we
investigated the effects of SAL on the expression of the TSLP
gene and TSLP protein production. NHBE cells were stimu-
lated with or without poly(I:C) for 4 hours. DEX (1 mM) or
SAL (1 mM) was added to medium 0.5 hour before stimulation
with poly(I:C). The relative expression of TSLP in NHBE was
normalized with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) expression. The expression of TSLP mRNA was
decreased by DEX and SAL. The greatest suppressive effect
was evident after concurrent exposure of the cells to DEX and
SAL (Figure 4A). Data regarding expression are representative
of three independent experiments, and similar results were
obtained using NHBE cells from three individuals.

We also measured protein concentrations of TSLP under the
same conditions. NHBE cells were stimulated with or without

poly(I:C), and concentrations of TSLP in supernatants 24 hours
after stimulation were measured by ELISA. DEX and SAL
were added to the medium 0.5 hour before the stimulation with
poly(I:C) at the indicated doses. The synergistic suppression of
TSLP protein production was also evident after concurrent
exposure to DEX and SAL, and DEX or SAL caused a dose-
dependent decrease in TSLP protein production (Figure 4B).
The data in Figure 4B represent the mean 6 SD, and are
representative of two independent experiments performed
using NHBE cells from two individuals. Similar results were
obtained, implying that DEX and SAL may synergistically
suppress TSLP production in human airway epithelial cells
during viral respiratory infections.

Effects of Dexamethasone and Salmeterol on

Luciferase Transcription

Rs3806932 (21914T/G) was in complete LD with rs3806933
(2847C/T) (D9 5 1.0,0 and r2 5 1.00) (10). The promoter
activity of reporter constructs containing the 21914G-847T-82T
(minor) haplotype showed significantly greater activity than the

Figure 2. Relationship of TSLP rs3806933,

rs2289276, and rs2289278 genotype

with lung function in adult patients with
asthma. The ratio of forced expiratory

volume in 1 second (FEV1) to forced vital

capacity (FVC) is plotted, and horizontal

bars represent the mean for each geno-
type group.

Figure 3. (A) DNA sequences of transcription factor–binding motifs

around rs2289276 SNP. The positions of potential AP-2a binding sites
are shown in the open box. *SNPs. (B) Binding affinity of transcrip-

tion factors to oligonucleotides (oligo) in vitro. Normal human bron-

chial epithelia (NHBEs) were stimulated with or without 10 mg/ml

polyinosinic-polycytidylic acid (poly[I:C]) for 1 hour. Proteins interact-
ing with the double-stranded oligonucleotides were precipitated and

analyzed by immunoblotting with the indicated antibodies. Three

independent experiments were performed with similar results. AP,

activating protein. w.b., Western blotting.
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other haplotype, 21914A-847C-82C (major), in response to
poly(I:C), as described previously (10). Here we examined the
effects of DEX and SAL on the promoter activities of these
reporter constructs (Figure 5A). DEX and SAL suppressed
reporter activities, and their synergistic suppression of luciferase
activities was also evident after concurrent exposure to DEX
and SAL in both haplotypes (Figure 5B). However, no differ-
ence was evident in the activities of luciferase between the
major and minor haplotypes after concurrent exposure to DEX
and SAL (P 5 0.096 by the Bonferroni-Dunn test, with two-
factor ANOVA).

DISCUSSION

We report that a functional promoter SNP (rs3806933) of TSLP
that creates a binding site for the transcription factor AP-1
enhances AP-1 binding to the regulatory element (10). The
functional variant also increases the promoter–reporter activity
of long-form TSLP in response to poly(I:C) stimulation in
NHBE (10). In this study, we found that the TSLP functional
polymorphism was associated with both childhood atopic and
adult asthma in a Japanese population. A synergistic relation-
ship is evident between viral infection and allergen sensitization
and exposure in provoking exacerbations, and the major trigger
for exacerbations in both children and adults is viral infection
(27–29). Clinical studies suggest that patients with asthma are
more susceptible to rhinovirus infections than normal individuals,
and sustain a longer duration of lower respiratory tract symptoms
when infected with rhinoviruses (30–32). TSLP appears to be
involved in the development of bronchial asthma through
functional genetic polymorphisms that may contribute to Th2-
polarized immunity through higher TSLP production by bron-
chial epithelial cells in response to viral respiratory infections.

A recent study showed that the expression of TSLP is
increased in asthmatic airways, and correlates with lung func-
tion (3). The numbers of both epithelial and submucosal cells
expressing TSLP mRNA correlated inversely with FEV1 (3).
We found a significant correlation between the rs2289278
genotype and lung function (FEV1/FVC). The rs2289278 variant
is located in intron 2 of long-form TSLP and in the 59 un-
translated region of short-form TSLP. However, the genetic
influences of the polymorphism on the function of the TSLP
gene in asthma are unclear. Further investigation of the
functional role of the variant needs to be conducted.

A recent study showed that an SNP in TSLP is associated
with cockroach-allergy IgE in Costa Rican girls and with total
IgE in girls from two populations (9). That study showed
significant evidence of linkage to IgE produced in response to
cockroach allergy on chromosome 5q23 in female subjects (9).
TSLP is located near the linkage peak, and exerts female-
specific effects on lung disease in mice (33). Moreover,
rs2289276 is reportedly associated with reductions in IgE in

the response to cockroach and total IgE (9). In our Japanese
population, we could not find an association between total IgE
and the rs2289276 SNP among patients with asthma in this study
and a female-specific effect on the associations. Although in-
consistent associations may reflect sample size, phenotype het-
erogeneity, or gene–environment interactions in the population,
further replication studies of these findings are needed.

We could not replicate our findings in the populations that
were examined in two recent GWASs (24, 25). Differences in
minor allele frequencies (MAFs) of the variants were evident
among the control populations. The MAFs of the three variants,
rs3806932, rs2289276, and rs11466741, in the Japanese popula-
tion were 0.29, 0.26, and 0.26, respectively (10). To test for
replication at the level of the gene rather than the SNP, further
fine mapping around the TSLP gene and association studies
would be needed.

We could not replicate our findings in European-ancestry
and African-ancestry populations for which recent GWASs
were performed (24, 25). Differences in MAFs of the variants

Figure 4. Suppression of TSLP production by dexametha-

sone (DEX) and salmeterol (SAL) in NHBE. (A) Quantitative

RT-PCR assay of TSLP. P , 0.001, according to Student t
test. (B) Effects of DEX and SAL on TSLP protein pro-

duction in NHBE stimulated (Stim) by poly(I:C). Concen-

trations of TSLP in supernatants were measured by ELISA.

*Not detectable.

Figure 5. (A) Luciferase (Luc) constructs. Gray box indicates NF-kB

regulatory region. (B) Effects of DEX and SAL on luciferase transcrip-

tional activities of haplotypes of the long form of TSLP in NHBE. Data

represent mean 6 SD and are from three experiments in triplicate. *P ,

0.0001 and †P 5 0.0021, according to the Bonferroni-Dunn test with

two-factor ANOVA.
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were evident among the control populations. The MAFs of the
three variants, rs3806932, rs2289276, and rs11466741, in the
Japanese population were 0.29, 0.26, and 0.26, respectively (10),
compared with 0.43, 0.29, and 0.29 in the Cjo;djppd Asthma
Management Program (CAMP) population, 0.63, 0.18, and 0.31
in the African-American population, and 0.66, 0.17, and 0.28 in
the African Caribbean population. Failure to observe SNP-for-
SNP replication in ethnically diverse populations is not un-
common, and can result from variations in allele frequencies,
population admixture, heterogeneity of the phenotype, and
environmental factors. The fact that we could not replicate
the association at the SNP level is therefore not surprising, and
variants other than those tested in this study are likely to be
causal. Elsewhere a gene-based rather than SNP-for-SNP
approach was argued to provide evidence for genetic analysis
at the functional level (25). Our findings suggest that replication
occurs at the level of the gene rather than the SNP, and further
fine mapping around the TSLP gene is warranted.

We previously showed that a functional rs3806933 SNP in
the promoter region of long-form TSLP (2847T) creates
a binding site for AP-1 and enhances AP-1 binding to the
regulatory element (10). In this study, we found the binding of
AP-2a protein, a possible transcription suppression factor, to
the sequences containing the rs2289276 (282C/T) SNP, and
higher binding to 282C (on the protective allele). Both of the
SNPs, rs3806933 (2847C/T) and rs2289276 (282C/T), were
significantly associated with susceptibility to asthma. We also
identified a common disease-susceptible haplotype, T(2847)-
T(282)-C(1560), in both childhood atopic and adult asthma.
The two different transcription factors on the two promoter
SNPs may lead to preferential transcription from the susceptible
haplotype T-T-C through their cooperative effects in bronchial
epithelial cells. In this study, we did not examine the functional
effects of polymorphisms rs3806932, rs2289277, rs10073816, and
rs11466741, which were in strong LD with the related variants,
rs3806933 and rs2289276. The functions of these linked poly-
morphisms remain to be elucidated.

Combination therapy with LABA and inhaled corticoste-
roids reduces the frequency of exacerbations in asthma, and it is
also efficacious as an interventional therapy in asthma exacer-
bations (16–18). In this study, SAL was able to suppress the
production of TSLP in NHBE cells, and we also demonstrated
the synergistic suppression of poly(I:C)-induced TSLP pro-
duction by DEX and SAL in NHBE cells. Respiratory viral
infections are associated with the majority of exacerbations in
bronchial asthma, and a recent study showed that combined
corticosteroid/b2 agonists synergistically suppress rhinovirus-
induced neutrophil (CXCL8) and lymphocyte (CCL5 and
CXCL10) chemokine production in airway epithelial cells (34).
Glucocorticosteroids inhibit both NF-kB and AP-1 through
glucocorticoid-induced leucine zipper protein (35, 36), and an
NF-kB binding site was identified 3.7 kb upstream from the start
of TSLP transcription (13). Although further investigation of
the molecular mechanisms mediating the suppressive effects of
DEX and SAL on TSLP and chemokine production is needed,
combination therapy may exert an anti-Th2 polarized inflamma-
tory effect during respiratory viral infections through suppressive
effects on TSLP and the production of other chemokines in
airway epithelial cells.

In conclusion, we identified TSLP as a susceptibility gene for
childhood atopic and adult asthma by means of a case-control
study with SNPs, and demonstrated that glucocorticoid/LABA
treatment synergistically suppressed poly(I:C)-induced TSLP in
NHBE. Our data strongly support the important role of TSLP
in bronchial asthma and the clinical benefits of combination
therapy in asthma management.
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