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Rationale: Polymorphisms in the gene for transforming growth
factor-B1 (TGFBT) have been associated with asthma, but not with
airway responsiveness or disease exacerbations in subjects with
asthma.

Objectives: To test for association between single nucleotide poly-
morphisms (SNPs) in TGFBT and markers of asthma severity in
childhood.

Methods: We tested for the association between nine SNPs in TGFB1
and indicators of asthma severity (lung function, airway responsive-
ness, and disease exacerbations) in two cohorts: 416 Costa Rican
parent-child trios and 465 families of non-Hispanic white children in
the Childhood Asthma Management Program (CAMP). We also
tested for the interaction between these polymorphisms and expo-
sure to dust mite allergen on asthma severity.

Measurements and Main Results: The A allele of promoter SNP
rs2241712 was associated with increased airway responsiveness in
Costa Rica (P = 0.0006) and CAMP (P = 0.005), and the C allele of an
SNP in the promoter region (rs1800469) was associated with in-
creased airway responsiveness in both cohorts (P < 0.01). Dust mite
exposure modified the effect of the C allele of exonic SNP rs1800471
on airway responsiveness (P = 0.03 for interactions in both cohorts).
The T allele of a coding SNP (rs1982073) was associated with
a reduced risk of asthma exacerbations in Costa Rica (P = 0.009)
and CAMP (P = 0.005). Dust mite exposure also significantly
modified the effect of the A allele of the promoter SNP rs2241712
on asthma exacerbations in both cohorts.

Conclusions: SNPsin TGFB1 are associated with airway responsiveness
and disease exacerbations in children with asthma. Moreover, dust
mite exposure may modify the effect of TGFBT SNPs on airway
responsiveness and asthma exacerbations.
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Asthma exacerbations are among the leading causes of mor-
bidity in children and have resulted in increased healthcare
expenditures in the pediatric population over the last decade
(1). Children who experience asthma exacerbations are at high
risk of recurrence (2-4), which may be partly explained by
poorly characterized interactions between genetic variants and
environmental exposures such as dust mite allergen (5).
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

DNA sequence variants in the gene for transforming
growth factor-B1 (7GFBI1) have been associated with
airway inflammation and asthma.

What This Study Adds to the Field

Genetic polymorphisms in 7GFBI are associated with
airway responsiveness and disease exacerbations in chil-
dren with asthma. Dust mite exposure may modify the
effect of TGF-B1 single nucleotide polymorphisms on
airway responsiveness and disease exacerbations in chil-
dren with asthma.

Transforming growth factor-B1 (TGF-B1) is a multifunctional
cytokine that plays a critical role in cell growth and differenti-
ation, immune modulation, airway development, and inflam-
mation. TGF-B1 is ubiquitously expressed in the lung and is
involved in both normal cellular processes and numerous disease
states. Several lines of evidence suggest that TGF-B1 contrib-
utes to the development of asthma, airway responsiveness, and
airway remodeling (6).

Animal models have demonstrated the importance of TGF-31
in allergen-induced T helper type 2 (Th2)-mediated airway in-
flammation (7), but the precise role of TGF-B1 in asthma has
been difficult to define. In murine models, overexpression of the
gene for TGF-B1 (TGFBI) leads to increased airway inflamma-
tion and subepithelial fibrosis (8, 9). Alternatively, recent data
suggest that TGF-B1 antagonism results in a marked increase in
airway responsiveness in mice with chronic airway inflammation
induced by exposure to dust mite allergen, suggesting a potential
role for gene-by-environment interactions (10). In humans,
levels of TGF-B1 are higher in the bronchoalveolar lavage
(BAL) fluid of subjects with asthma than in that of control
subjects (11). Moreover, TGFBI expression is increased in the
asthmatic airway upon repeated exposure to low-dose allergen,
suggesting that TGFBI is involved in the late phase of airway
inflammation (7). Given these observations, we hypothesized that
variants in TGFBI would influence disease severity in children
with asthma. In addition, we hypothesized that significant
interactions between these variants and dust mite allergen
would affect asthma severity.

TGFBI is located on chromosome 19q13.1 and harbors over
160 single nucleotide polymorphisms (SNPs). Previous twin
studies have demonstrated a significant genetic contribution to
circulating TGF-B1 levels, with heritability estimates ranging
from 0.39 to 0.66 (12). In a variety of experimental approaches,
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polymorphisms in the promoter and exons of TGFBI (Table 1)
have been shown to influence interindividual differences in
circulating TGF-B1 levels (12-19).

To date, association studies of TGFBI and disease severity
in obstructive airways diseases (and their intermediate pheno-
types) have yielded conflicting findings, which may be par-
tially explained by differences in study design, sample ascer-
tainment, environmental exposures, and sample size (leading
to differences in power) (13, 20-22). To our knowledge, there
has been no association study of 7GFBI and indicators of
disease severity in children with asthma. We demonstrate that
SNPs in TGFBI (including putative functional variants) are
associated with markers of disease severity (airway respon-
siveness and disease exacerbations) in two family-based
studies of children with asthma. In addition, we show signif-
icant modification of the effect of SNPs in TGFBI on asthma
severity by indoor exposure to dust mite allergen. Some of
these results have been previously reported in the form of an
abstract (23).

METHODS

For METHODS details, see the online supplement.

Study Population

As part of the Genetic Epidemiology of Asthma in Costa Rica cohort,
426 parent-child trios were recruited between February of 2001 and
March of 2005. Details on subject recruitment and study protocols have
been published elsewhere (24). In brief, children 6 to 14 years of age
were included if they had asthma (a physician’s diagnosis of asthma
and two or more respiratory symptoms or asthma attacks in the
previous year) and a high probability of having six or more great-
grandparents born in the Central Valley of Costa Rica. All children
completed a protocol including a questionnaire, pulmonary function
testing, and methacholine challenge testing. Blood samples were
obtained from each child and his/her parents for DNA extraction.

Replication Population

A total of 483 white (non-Hispanic) families participated in the Genetics
Ancillary Study of the Childhood Asthma Management Program
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(CAMP). CAMP was a multicenter, randomized, double-blind, pla-
cebo-controlled trial established to investigate the long-term effects of
inhaled corticosteroids and inhaled nedocromil (a nonsteroidal anti-
inflammatory medication). Of 1,041 children randomized in the clinical
trial, 968 children (and 1,518 of their parents) contributed DNA
samples as part of the genetic ancillary study of CAMP. DNA was
sufficient for all members of the 483 nuclear families of self-reported
non-Hispanic white ancestry studied previously (25).

Children enrolled in the CAMP study had mild to moderate
persistent asthma based on the demonstration of increased airway
responsiveness (a PCy [provocative concentration causing a 20% fall
in FEV,] <12.5 mg/ml of methacholine) and at least two of the
following: asthma symptoms at least twice weekly, use of inhaled
bronchodilator at least twice weekly, or use of daily asthma medication
for at least 6 months in the year preceding screening (26). Participating
children were followed for a mean of 4.3 years. A complete description
of the trial design, methodology, and primary outcomes analyses of the
CAMP study have been previously published (27).

For the Genetics of Asthma in Costa Rica Study, approval was
obtained from the Institutional Review Boards of the Hospital Nacional
de Nifios (San José, Costa Rica) and the Brigham and Women’s Hospital
(Boston, MA). Approval was obtained from the review boards of each
CAMP institution before participant enrollment in the study. Informed
consent was obtained from the parents of participating children, and assent
was obtained from each child before enrollment.

Genotyping

Nine SNPs, including three variants for which there are functional data
(Table 1), were genotyped in Costa Rican parent-child trios and in
families of white children in CAMP. SNPs were selected from the
HapMap (http://www.hapmap.org) and dbSNP (http://www.ncbi.nlm.
nih.gov/SNP) databases to tag all common SNPs in TGFBI and to
include known functional variants. The nine SNPs genotyped in
TGFBI1 capture 80% or greater HapMap SNPs with minor allele
frequency of 10% or greater in TGFBI and its 10-kb flanks in
European American trios at an r> = 0.97. SNP genotyping was per-
formed using the Illumina Golden Gate Genotyping Assay (Illumina
Inc., San Diego, CA). For purposes of quality control, duplicate
genotyping was performed on approximately 5% of the samples. The
pedigree data were assessed for evidence of parent-offspring genotype
incompatibility using PedCheck (28). Hardy-Weinberg Equilibrium
was tested in parents at each locus using an exact method (29).

TABLE 1. PREVIOUS FUNCTIONAL STUDIES OF POLYMORPHISMS IN TGFB1

Alternative SNP Study

SNP Identification Location Allele Function Assay Performed (Reference No.)

rs1800469 —509C-T Promoter T Increased serum Correlation of genotype with serum Grainger, 1999 (12)
level protein levels

rs1800469 —-509C-T Promoter T Increased EMSA, reporter construct and transient Silverman, 2004 (13)
transcription transfection in A549 human lung

carcinoma cells and/or bronchial
epithelial cells

rs1800469 —509C-T Promoter C Increases serum Correlation of genotype with serum Wang, 2008 (14)
concentration and protein levels and
hepatocyte reporter-gene constructs
transcription

rs1982073 +869T-C Exon T Increased serum Correlation of genotype with serum Wang, 2008 (14)
concentration protein levels

rs1982073 +869T-C Exon C Increased secretion Cell culture and transfection of Dunning, 2003 (15)
in Hela cells Hela cells

rs1982073 +869T-C Exon T Increased serum Correlation of genotype with serum Hinke, 2001 (16)
level protein levels

151982073 +869T-C Exon No correlation with Correlation of genotype with serum Li, 2008 (17)
level protein levels

rs1982973 +869T-C Exon C Increased serum Correlation of genotype with serum Yokota, 2000 (18)
level protein levels

rs1800471 +915G-C Exon G Increased expression Cell culture and ELISA: correlation of Awad, 1998 (19)

in lymphocytes

genotype with levels in stimulated
leukocytes
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Genotype data quality was assessed by completion rates, discordance
in duplicate genotyping, and evidence of Mendelian inconsistencies.

Association Analysis

Family-based tests of association were conducted using the Pedigree-
Based Association Test (PBAT) program (version 5.3) implemented
using GoldenHelix software (http:/www.goldenhelix.com). We tested
for the association between SNPs in TGFBI and markers of asthma
severity including lung function, airway responsiveness, and disease-
related exacerbations. Given the results of previous studies, our
analysis assumed a dominant genetic model (13). The analyses of lung
function phenotypes (post-bronchodilator FEV; and FEV,/FVC) and
airway responsiveness were adjusted for age, sex, and height. Data on
exacerbations for asthma in the previous year were collected from each
participant in Costa Rica and CAMP at study entry and at random-
ization, respectively. The analyses of asthma exacerbations were
adjusted for age, sex, and use of anti-inflammatory medications (in-
haled steroids in CAMP and inhaled steroids or leukotriene inhibitors
in Costa Rica). Standard phenotypic residuals were used as the offset
choice for the quantitative trait analysis to maximize power. To account
for study-wide multiple comparisons (testing nine markers and four
nonindependent phenotypes), results were considered significant only
when identical associations (i.e., same allele, same phenotype, same
direction of genetic effect given the same genetic model) were
observed in both populations with a P value < 0.05 and when the
Bonferroni-adjusted Fisher’s combined P value was < 0.001 (0.05/36,
to account for testing nine SNPs and four phenotypes).

Because of the availability of longitudinal data in CAMP, we used
Poisson regression models to test for an association between variants in
TGFBI and the number of asthma-related exacerbations (including
emergency department visits and hospitalizations) during the 4-year
follow-up period. This analysis was adjusted for age, sex, and use of
inhaled steroids.

Given the previous experimental evidence of modification of the
effect of TGF-B1 on allergic airway inflammation and airway respon-
siveness by dust mite allergen (10), we tested for gene-by-environment
interactions using the family-based association test of interaction
(FBAT-]) implemented in PBAT (30). These analyses were adjusted
for the same covariates used in the single-SNP association analyses. On
the basis of previous findings and consistent with our previous work (31)
exposure to dust mite allergen (Der p 1 level) was dichotomized at 10
png/g or greater.

RESULTS

The baseline characteristics of the index children in Costa Rica
and CAMP are presented in Table 2. Of the 426 Costa Rican
parent-child trios, 10 were excluded from this analysis because
of Mendelian inconsistencies (n = 9) or inadequate genotypic
data (n = 1), leaving 416 trios. Of the 483 white families
participating in CAMP, 18 were removed from this analysis
because of Mendelian inconsistencies (n = 13) or inadequate
genotypic data (n = 5), leaving 465 families (and 498 children)
for replication studies. Genotypic quality was high for both
populations, with an average completion rate of 97% and no
noted discrepancies between the initial genotyping and the 5%
of samples that underwent repeat genotyping. Parental geno-
types in both populations were in Hardy-Weinberg equilibrium
(P value adjusted for number of tests > 0.05) at all loci.
Despite differences in geographic origin and sample ascer-
tainment, the baseline characteristics of the CAMP and Costa
Rican probands were very similar. Consistent with the known
sex distribution of asthma in childhood, there was a predomi-
nance of boys in both cohorts. Although baseline lung function
and airway responsiveness were similar in the two populations,
there were more asthma-related hospitalizations in the year pre-
ceding study enrollment in CAMP than in the Costa Rican cohort.
Figure 1 presents the patterns of linkage disequilibrium (LD)
and haplotype block structure of TGFBI in both cohorts.

TABLE 2. BASELINE PHENOTYPIC CHARACTERISTICS OF INDEX
CHILDREN IN CAMP AND COSTA RICA

Costa Rica CAMP
Variable (n=416) (n = 498)
Age, y 8.84 8.76
(7.79-10.48)* (7.08-10.56)
Female sex 158 (38) 189 (38)
Baseline post-bronchodilator FEV,, L 1.74 1.77
(1.49-2.03) (1.49-2.11)
Baseline post-bronchodilator, FEV,/FVC 86.07 86.0
(81.94-89.95) (82.0-90.0)
Airway responsiveness’ 1.2 1.1
(0.7-1.4) (0.5-2.8)
Disease exacerbation, =1* 21 (5) 352 (33)
High dust mite allergen exposure, 203 (49) 45 (9)

(=10 ng/9)

* Parenthetical values are median range (interquartile range) or count (per-
centage) reported.

 Airway responsiveness: PDyo (mol of methacholine) used in the Costa Rican
study. PCyo (mg/ml of methacholine) used in the CAMP study.

*In Costa Rica, at least one hospitalization for asthma in the previous year. In
CAMP, at least one emergency department visit or hospitalization for asthma in
the year preceding randomization.

Regional LD surrounding 7GFBI1 was similar in both cohorts,
with the nine genotyped SNP forming two haplotype blocks.
However, there were differences in block boundaries and
haplotype frequencies, which may be partially due to differ-
ences in minor allele frequencies s between the two populations.
A high degree of LD between putative functional variants was
noted in both populations, but the degree of LD between SNP
rs1982073 and rs1800469 was higher in Costa Ricans (2 = 0.87)
than in CAMP participants (+> = 0.71).

The results of the family-based association analysis of SNPs
in TGFBI1 and airway responsiveness are shown in Table 3. The
CC and CT genotypes of the promoter SNP rs1800469 and the
AA and AG genotypes of the promoter SNP rs2241712 were
associated with increased airway responsiveness in both pop-
ulations (Fisher’s combined P value < 0.001 for each of the two
SNPs). These associations remained significant after correction
for multiple comparisons. Although alleles associated with
airway responsiveness had relatively high frequencies, index
children in both cohorts were ascertained on the basis of asthma,
and thus these results may not be generalizable to nonasthmatic
populations.

The results of the analysis of association between poly-
morphisms in TGFBI and asthma exacerbations in the previous
year are shown in Table 3. In this analysis, the TT and CT
genotypes of exonic SNP rs1982073 were significantly associated
with a reduced risk of asthma hospitalizations in Costa Rica and
CAMP (Fisher’s combined P value = 0.0005).

The results of the association analysis of variants in TGFB1
and lung function phenotypes are shown in Table E1 (see online
supplement). In this analysis, the TT and CT genotypes of SNP
16957 (located in the 3’genomic region of the gene) were
associated with higher post-bronchodilator FEV; and FEV,/
FVC in Costa Ricans (P = 0.01 and P = 0.03, respectively).
However, these associations were not replicated in CAMP.

The family-based association analysis of haplotypes in
TGFBI and airway responsiveness and asthma exacerbations
yielded nominally significant results in Costa Rica and in CAMP
(see Table E2). However, there were differences in haplotypic
frequencies, and haplotypic association findings were not con-
sistently replicated across cohorts.

Because longitudinal data on the number of asthma-related
hospitalizations and emergency department visits were avail-
able for the 4 year follow-up period of the original CAMP trial,
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we tested for association between TGFBI variants and fre-
quency of asthma exacerbations. Consistent with the results of
our association analysis at randomization (baseline), white
children in CAMP who had the TT or CT genotype for exonic
SNP rs1982073 were 0.70 (95% CI, 0.60-0.92) times less likely
to have an asthma-related emergency department visit or
hospitalization during the 4-year trial than those with the CC
genotype.

Exposure to high levels of dust mite allergen (=10 w.g/g) was
more common in Costa Rican children than in children in
CAMP (Table 2). The results of the family-based analysis of
interactions between SNPs in TGFBI and exposure to high
levels of dust mite allergen on indicators of asthma severity are
shown in Table 4. We found that dust mite allergen exposure
significantly modified the effect of the C allele of exonic SNP
rs1800471 on airway responsiveness (P for interaction = 0.03 in
both cohorts). Furthermore, dust mite allergen exposure signif-
icantly modified the effect of the A allele of the promoter SNP
rs2241712 on asthma exacerbations in both Costa Rica (P for
interaction = 0.008) and CAMP (P for interaction = 0.03). An
analysis stratified by dust mite allergen exposure confirmed
SNP-specific affects on increased airway responsiveness and
increased asthma exacerbations among children exposed to
higher levels of dust-mite allergen (Table 4). Although SNP
rs1800469 was also found to have a significant interaction with
dust mite allergen on asthma exacerbations in Costa Rica, this
was not replicated in CAMP.

DISCUSSION

To our knowledge, this is the first report of an association
between variants in TGFBI and airway responsiveness or dis-
ease exacerbations in subjects with asthma. In addition, this is the
first study to show modification of the effect of TGFBI poly-
morphisms on asthma-related outcomes by dust mite allergen
exposure.

Previous studies of SNP rs1800469 (a putative functional
variant in the promoter of TGFBI) and asthma per se have
yielded conflicting results. For example, the TT genotype has
been associated with an increased risk of asthma in some studies
(13,17, 20) but not in others (21, 32). We found that the CC and
CT genotypes of SNP rs1800469 (which were correlated with
relatively reduced circulating levels of TGF-B1 in two of three
previous studies [Table 1]) were associated with increased
airway responsiveness. Consistent with our findings in children
with asthma, Ogawa and colleagues reported that the CC
genotype of SNP rs1800469 was associated with increased
airway responsiveness in 590 adults with COPD (33). If allele
C of SNP rs1800469 is in fact correlated with reduced levels of
TGF-B1 (see below), our findings and those of Ogawa and
colleagues are consistent with those of murine models of
allergic airway inflammation that suggest that antagonism of
TGF-B1 results in increased airway responsiveness (34), and
that intratracheal administration of TGF-B1 inhibits antigen-
induced airway responsiveness (35).

TABLE 3. FAMILY-BASED ANALYSIS OF ASSOCIATION BETWEEN VARIANTS IN TGFB1 AND AIRWAY RESPONSIVENESS AND ASTHMA

EXACERBATIONS IN CAMP AND COSTA RICA*

Costa-Rica CAMP
Allele Informative z P Allele Informative z P Fisher’s Combined
Phenotype dbSNP Allele Frequency Families, n  Score  Value Allele Frequency Families, n  Score Value P Value'
Airway responsiveness rs1800469 C 0.57 138 —2.87 0.004 C 0.70 110 —2.24 0.01 0.0004
rs2241712 A 0.56 128 —3.43 0.0006 A 0.70 108 —2.58 0.005 0.00004
Asthma hospitalizations*  rs1982073 T 0.55 165 —2.58 0.009 T 0.59 219 —2.41 0.005 0.0005

* All analyses were conducted under the assumption of a dominant genetic model.
¥ Combined P value < 0.001, which is significant after correction for multiple comparisons.
* In Costa Rica, at least one hospitalization for asthma in the previous year. In CAMP, at least one hospitalization or emergency department visit for asthma in the year

preceding randomization.
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TABLE 4. FAMILY-BASED ANALYSIS OF POTENTIAL MODIFICATION OF THE EFFECT OF TGFBT POLYMORPHISMS ON
ASTHMA-RELATED OUTCOMES BY DUST MITE ALLERGEN EXPOSURE*

Costa Rica
Stratified Analysis

CAMP
Stratified Analysis

Unexposed Exposed Costa Rica Interaction Unexposed CAMP Interaction
Phenotype SNP (Allele) (51%) (49%) P Value (91%) Exposed (9%) P Value
Airway responsiveness rs1800471 (C) NS* +0.02¢ 0.03 NS +0.03 0.03
Asthma exacerbations rs2241712 (A) NS +0.001 0.008 NS +0.03 0.03

Definition of abbreviations: NS = nonsignificant; SNP = single nucleotide polymorphism.
* Der p 1 levels in house dust (dust mite allergen exposure) were dichotomized at =10 pg/g. The proportion of unexposed/exposed children was similar for each

single nucleotide polymorphism in a given cohort.
NS = P> 0.05.

* Plus sign represents increased airways responsiveness or increased exacerbations after high exposure to dust mite.

The observed association between the CC and CT genotypes
of SNP rs1800471 (which were correlated with decreased
circulating TGF-B1 levels in a previous study [Table 1]) and
increased airway responsiveness in subjects exposed to high
levels of dust mite allergen is consistent with recent experimen-
tal findings (36) and suggests that dust mite allergen exposure
modifies the effect of TGFBI SNPs on airway responsiveness
in children with asthma. We also demonstrate that dust mite
allergen exposure modifies the effect of the promoter SNP
152241712 on disease exacerbations in children with asthma.
Other investigators have shown a significant interaction be-
tween passive exposure to smoking and the CC genotype of
SNP rs1800471 in individuals with cystic fibrosis, in whom this
interaction results in reduced lung function (37). Previous
studies have also shown modification of the effect of variants
in TGFBI on asthma by environmental exposures other than
dust mite allergen (intrauterine smoke exposure and oxidant
stress by traffic-related emissions) (38).

In children, disease exacerbations may be better indicators
of asthma severity than spirometric measures of lung function.
In fact, previous disease exacerbations may be the single
strongest predictor of future exacerbations in children with
asthma (39). We found that the TT and CT genotypes of
a coding polymorphism in TGFBI (rs1982073) were inversely
associated with asthma exacerbations.

A number of studies have attempted to elucidate the
functional significance of genetic variants in 7GFBI1 in humans
(summarized in Table 1). Whereas results of two studies
(including one that assessed bronchial epithelial cells and human
lung carcinoma cells) suggest that the T allele of SNP rs1800469
is correlated with enhanced transcription and increased serum
levels of TGFBI, opposite results were recently demonstrated
in experimental studies in hepatocytes. Conflicting results have
also been shown for studies of the association between alleles in
exonic SNP rs1982073 and serum levels of TGF-B1 (Table 1).
Whereas the discrepant results of functional studies for SNP
rs1800469 may be related to tissue-specific differences in gene
expression, these findings (and those for SNP rs1982073) may be
due to LD with other variants within or near TGFBI and/or
untested gene-by-gene or gene-by-environment interactions.
Further work on these polymorphisms is required to fully
understand their functional significance.

Elucidating the effects of TGF-B1 on asthma phenotypes is
further complicated by the fact that it is a pleiotropic cytokine.
For example, increased TGF-B1 levels are associated with
increased airway remodeling but decreased airways responsive-
ness in transgenic mice over-expressing 7GFBI in the lungs
(42). In humans, TGF-B1 has been shown to stimulate increased
synthesis of fibronectin/collagen (26, 27), stimulate smooth
muscle proliferation in the airways of people with asthma (by
increasing both smooth muscle cell size and number) (43), and

enhance immune responses against viral illnesses (44). Thus,
genetic variants that lead to reduced levels of TGF-B1 could
theoretically have paradoxical effects on airway remodeling and
airway responsiveness in subjects with asthma. Consistent with
a complex relationship between TGF-B1 and respiratory dis-
eases, genetic variants that may result in increased levels of
TGF-B1 have been associated with reduced risk of COPD (41,
45) but increased severity of lung disease in cystic fibrosis (40).

As previously noted, genetic association studies of TGFBI
and asthma and its intermediate phenotypes have yielded
inconsistent findings. In addition to differences in LD patterns,
gene-by-gene interactions, and/or gene-by-environment inter-
actions among study populations, potential explanations for
these discrepant results include differences in statistical power
(most important), lack of control for multiple testing, and (for
case-control studies) population stratification. Our study had
adequate statistical power to detect associations of the magni-
tude previously reported, and we have reduced the potential for
false positive results by replication of our findings in two family-
based studies, which are not susceptible to population stratifi-
cation. We recognize, however, that some of our nonreplicated
results at the SNP level (e.g., for measures of lung function) may
be due to underlying differences between our study populations
(e.g., ancestral history, LD, and environmental exposures).

In summary, genetic variation in TGFB] is associated with
indicators of asthma severity (airway responsiveness and dis-
ease exacerbations) in two cohorts of children with asthma.
Furthermore, in concordance with previous experimental data
(36), we have demonstrated significant interactions between
polymorphisms in 7GFBI and dust mite allergen exposure on
airway responsiveness in children with asthma. Our findings
provide further evidence that TGFBI plays an important role in
determining disease severity in children with asthma.
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