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Background: The integrin b3 gene (ITGB3) encodes a subunit

of the platelet and monocyte-specific fibrinogen receptor and

the widely expressed vitronectin receptor, which have diverse

roles in cell migration, adhesion, and signaling. Previous work

from our laboratory reported associations between single

nucleotide polymorphisms (SNPs) in ITGB3 and asthma and

allergic sensitization in 4 populations.

Objective: To examine whether SNPs in ITGB3 are associated

with the development of asthma and allergic phenotypes in

early life.

Methods: We typed 13 SNPs in 206 children participating in a

birth cohort study and tested for associations with asthma and

allergy phenotypes in the first 6 years of life.

Results: Our study revealed significant associations between

SNPs in ITGB3 and asthma, wheezing, and IgE levels,

suggesting an early role for this gene in the development of

asthma and allergy. In particular, SNPs at the 39 end of the gene

were significantly associated with IgE levels beginning at 1 year

of age, whereas a SNP in intron 1 showed significant interaction

effects with viral respiratory illness in infancy on asthma

susceptibility.

Conclusion: Our results suggest that genetic variation in ITGB3

contributes to asthma susceptibility and allergic sensitization,

and that the effects of this gene begin early in life. Similar to

our earlier study, different SNPs in the gene are associated with

asthma and IgE.

Clinical implications: ITGB3 may play an important role in the

development of asthma and allergy and may represent a

potential therapeutic target for the treatment of these

disorders. (J Allergy Clin Immunol 2007;119:1423-9.)
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Asthma is a heterogeneous respiratory disease charac-
terized by reversible airway obstruction and bronchial
hyperresponsiveness (BHR). Susceptibility to asthma
likely involves interactions between genotypes at many
loci and environmental exposures, particularly those that
occur early in life (see review1). Of the > 100 genes that
have been implicated in asthma or allergy susceptibility
(see reviews2,3), relatively few have been consistently rep-
licated in multiple populations. Even among the few con-
sistently replicated genes, associations are infrequently
observed with the same phenotype or with the same poly-
morphism, indicating that genetic susceptibility is com-
plex and likely to be context-dependent.4-6 Because of
the prominent roles inflammation and immune dysregula-
tion play in asthma pathogenesis, the overwhelming
majority of asthma or atopy genes investigated to date
are involved in inflammation and immunoregulation path-
ways. However, recent studies have reported associations
with genes encoding integrins or related genes, such as
a disintegrin and matrix metalloprotease (ADAM33),7

P-selectin (SELP),8,9 and integrin b3 (ITGB3),10 implicat-
ing these pathways in the pathogenesis of asthma and
allergic disease. Moreover, ADAM family members, in-
cluding ADAM33, selectively regulate integrin-mediated
cell migration,11 suggesting that genetic interactions be-
tween genes in these pathways may also be important.

ITGB3 encodes a subunit of the platelet and monocyte-
specific fibrinogen receptor and the widely expressed
vitronectin receptor. These receptors have diverse roles,
including cell migration,12 cell adhesion,13 and signaling.14

In our earlier study, we tested 19 single nucleotide poly-
morphisms (SNPs) in this gene for association with
BHR and atopy in the Hutterites, a religious isolate of
European descent that has been the focus of asthma ge-
netic studies in our laboratory.10,15-19 Five SNPs were
associated with BHR and 7 with allergic sensitization in

Abbreviations used
ADAM33: A disintegrin and matrix metalloprotease

BHR: Bronchial hyperresponsiveness

COAST: Childhood Onset of ASThma

GEI: Gene-environment interaction

ITGB3: Integrin b3

LD: Linkage disequilibrium

SNP: Single nucleotide polymorphism

UTR: Untranslated region

VRI: Viral respiratory illness
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the Hutterites at the P < .001 significance level. We then
genotyped a subset of these SNPs in African American
and white asthma cases and controls from Chicago, and
white asthma cases and controls from Madison, Wis, and
identified associations (P < .05) with multiple SNPs for
both phenotypes in these samples, although the associated
SNPs and alleles differed between them. Only 1 coding
variant (Leu33Pro) is present in this gene, but this was
never the most significantly associated SNP. Because there
is little haplotype structure in this gene (ie, few SNPs were
in linkage disequilibrium [LD]; see Fig 2 in Weiss et al20),
it was unlikely that the associated SNPs were in LD with a
shared susceptibility variant. The association with noncod-
ing variation further suggested that variation in gene ex-
pression levels may influence disease susceptibility, as
discussed.20,21 Thus, although we concluded that variation
in ITGB3 influences risk for asthma and atopy, the link be-
tween genotype and phenotype was not at all clear.
Moreover, this pattern of replication in which different
SNPs or different alleles are associated in different popula-
tions suggested more complex models of susceptibility,
such as gene-environment interactions (GEIs).4-6

The sample from Madison, Wis, consisted of 412
unrelated white adults who were the parents of children
participants in a birth cohort study, called the Childhood
Onset of ASThma (COAST) Study.22 For this study, par-
ents were recruited in their 9th month of pregnancy and
were eligible for participation if at least 1 parent had atopy
(assessed by skin prick test) and/or asthma (assessed by
current or past medication use or doctor’s diagnosis), as
previously described.22 Twelve SNPs across the gene
were associated with asthma or allergic sensitization in
the COAST parents (P < .05).10 In the current study, we
genotyped SNPs in the COAST children and examined
the effects of this gene on the natural history of asthma
and allergy and GEIs in the first 6 years of life.

METHODS

Population

The COAST study has been described in detail elsewhere.22-26 Our

genetic studies focus on 206 unrelated white children whose parents

gave consent for genetic studies, and include 1 each of 9 twin pairs,

as previously described.23,27 Because our previous study identified

associations with asthma or BHR and allergic sensitization, we focus

here on related phenotypes measured in the first 6 years: total IgE at

ages 1, 2, 3, 5, and 6 years (age 4 years measurements are not avail-

able), RAST and skin prick test to aeroallergens at age 5 or 6 years,

wheezing at age 5 years, and asthma at age 6 years. At age 6 years,

asthma was diagnosed in the COAST children who met at least 1 of

the following criteria: (1) doctor-diagnosed asthma; (2) doctor-

prescribed albuterol use for coughing or wheezing episodes more

than once between 60 and 72 months of age; (3) daily use of controller

medication; (4) implemented a step-up plan as prescribed by an MD

including the use of albuterol or short-term use of ICS during illness;

and/or (5) use of prescribed prednisone for asthma exacerbation.

Selection of SNPs and genotyping

Ten SNPs that were genotyped in the COAST parents were

selected for genotype studies in their children. The initial SNP set was
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spaced ;5 kb across the gene, spanning from 5 kb upstream to 5 kb

downstream of the ITGB3 exons. After analysis with LdSelect28 to

determine maximal SNP coverage (data not shown), 3 additional

SNPs (rs2056131, rs2015049, and rs3851806) were selected for

genotyping. Last, we selected for genotyping an intron 1 SNP

(rs2015049), which is in perfect LD with the 59 SNP, rs2317385,

genotyped in our earlier study (http://www.hapmap.org/cgi-perl/

gbrowse/hapmap_B35/). The resulting 13 SNPs serve as a set of

markers that could be used for genotyping ITGB3 in other white pop-

ulations, minimizing redundancy and capturing genetic variation oc-

curring at 10% or greater. The LD structure of ITGB3 in 3 populations

was shown in a previous publication by our group.21

Nine of the original 10 SNPs were genotyped by DNAprint,

Inc (Sarasota, Fla; http://www.dnaprint.com/); the remaining SNP

(rs15908) and the 3 new SNPs were genotyped by TaqMan SNP

Genotyping Assays (Applied Biosystems, Foster City, Calif). As in

our earlier study,10 a chimpanzee sequence (NW_118536.1) was

used to define the ancestral state of each allele.

Statistical analyses

Hardy-Weinberg equilibrium was evaluated by the x2 test.

Haplotypes were inferred by using PHASE2.29,30 Association tests

were performed by using x2 tests for binary traits and the nonparamet-

ric Kruskal-Wallis ANOVA test for quantitative traits (IgE). Because

our previous hypothesis was that SNPs in ITGB3 are associated with

asthma and atopic phenotypes, we did not correct for multiple testing.

We also examined GEIs with ‘‘number of moderate to severe

respiratory viral illnesses’’ in infancy by including this variable as a

covariate in our analyses, as in our previous studies.23,24 We selected

this exposure because viral respiratory illness (VRI) in infancy was

the most significant predictor of wheezing at age 3 years31 and

remained a significant predictor of asthma at age 6 years (R.F.

Lemanske Jr, unpublished data, 2007) in COAST children.

All P values were determined by using a permutation-based

method that takes into account small sizes, as described previously.23

RESULTS

A schematic illustration of the ITGB3 gene and the
SNPs typed in our study are shown in Table I. All SNPs
were in Hardy-Weinberg equilibrium (P > .10). The 13
SNPs include 3 exonic (2 synonymous and 1 nonsynony-
mous), 8 intronic, 1 SNP in the 39 untranslated region
(UTR), and 1 downstream of ITGB3.

We first examined main effects of these SNPs (Table I).
Two SNPs were associated with IgE levels (rs2317676,
rs2317677), 3 were associated with wheezing at age 5
years (rs5918, rs3760372, rs2317677), and 2 were associ-
ated with asthma at age 6 years (rs5918, rs4634). Four of
the 5 SNPs associated in the COAST children were also
associated with asthma and/or atopy in the parents, and
in each case the same allele was associated in both parents
and children. Two of those SNPs (rs5918, rs2317677)
were each associated with 2 phenotypes (rs5918 with
wheezing at age 5 years and asthma at age 6 years;
rs2317677 with IgE at ages 2, 3, and 5 years and wheezing
at age 5 years). SNP rs5918 is the only nonsynonymous
SNP in the gene (Leu33Pro). The Pro allele was modestly
associated with wheezing at age 5 years and asthma at age
6 years in the children, and with allergic sensitization in
their parents.10 SNP rs2317677 is located 39 of the gene,

http://www.hapmap.org/cgi-perl/gbrowse/hapmap_B35/
http://www.hapmap.org/cgi-perl/gbrowse/hapmap_B35/
http://www.dnaprint.com/
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TABLE I. Schematic illustration of the ITGB3 gene and 13 SNPs genotyped in the COAST children with P values < .10 for

SNPs with main effects or < .01 for interaction effects

rs

2015049

rs

2056131

rs

3851806

rs

2015729

rs

1000232

rs

5918

(L33P)

rs

2292864

rs

15908

(V381V)

rs4634

(R515R)

rs

999323

rs

3760372

rs

2317676

rs

2317677

Genotyped (N) 194 191 194 197 199 202 200 180 187 194 199 203 197

Parents* NT NT NT AS AL AL AS AL AL AS AL

SNP� A/G C/T C/G A/G C/T A/G A/G A/C A/G A/G A/G G/A A/G

Derived allele

frequency

0.78 0.67 0.82 0.61 0.39 0.14 0.12 0.64 0.3 0.32 0.31 0.06 0.61

Main effects

IgE at 1 y

(N 5 202)

.004 .081

IgE at 2 y

(N 5 190)

.010 .019

IgE at 3 y

(N 5 178)

.036 .006

IgE at 5 y

(N 5 155)

.038 .020

IgE at 6 y

(N 5 139)

.023

Wheezing

at age 5 y

(N 5 189)

.049 .001 .027

Asthma at age 6 y

(N 5 185)

.034 .044

Interaction effects with respiratory viral infection in infancy (interaction P value is shown)�
Wheezing at age 5 y .009

Asthma at age 6 y .008

*SNPs that were associated with asthma (AS) or allergic sensitization (AL) in the parents are shown on a shaded background (NT, not typed).

�The associated alleles in the main effects analysis in the children are underlined.

�Only phenotypes with significant interactions are shown.
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and the minor (ancestral) allele at this SNP was associated
with IgE at ages 2 to 5 years and wheezing at age 5 years in
the children, and with allergic sensitization in the parents.10

Two SNPs (rs2317677 and rs2317676) were associated
with IgE levels at 1 to 6 years of age (Fig 1). Genotype-
specific differences in IgE levels are apparent by 1 year
of age and remain different over the period of the next 5
years, even though mean IgE levels increased from age
1 to age 6 years in all genotype groups. At both SNPs,
the ancestral alleles are associated with increased IgE
levels, which is the common allele at rs2317677 (fre-
quency 0.94) and the minor allele at rs2317677 (frequency
0.39). Haplotypes carrying the ancestral alleles at both
rs2317676 and rs2317677 account for 32% of the total
chromosomes in our sample. However, these alleles tag
a heterogeneous group of haplotypes on which these 2
SNPs are the only shared variants (Fig 2). The 3 haplotype
groups tagged by these 2 SNPs (Fig 2) showed the same
pattern of association with IgE levels as the individual
SNPs, but with overall larger P values than those observed
with rs2317677. The latter suggests that these SNPs do not
tag a haplotype with additional unknown/untyped varia-
tion that influences IgE levels and that the 2 SNPs inde-
pendently influence IgE levels.

We next examined GEIs between SNPs in ITGB3 and
moderate to severe respiratory illness in infancy, the
most significant exposure in infancy for subsequent de-
velopment of wheezing and asthma. The mean number
of viral infections in infancy in the COAST children was
1.442 (SD, 1.416). In this analysis, we considered interac-
tion effects between the exposure and each of 12 SNPs
on the 7 phenotypes shown in Table I. We did not include
rs2317676 in this analysis because there were too few
counts as a result of the low minor allele frequency
(0.06) for meaningful analyses. Among the remaining
84 GEIs examined, 2 had P values < .01. Surprisingly,
however, these were both with a SNP (rs3851806) in in-
tron 1 that did not show main effect associations with
any of the phenotypes (Table I). SNP rs3851806 showed
significant interaction effects with both wheezing at age
5 years and asthma at age 6 years (Fig 3). The relationship
between number of viral respiratory infections in infancy
and wheezing at age 5 years (Fig 3, A) and asthma at age 6
years (Fig 3, B) was present only among children with the
GG genotype. Among GG children who had 3 or more
viral infections, > 40% (11/26) wheezed at age 5 years and
> 50% (13/25) had asthma at asthma at age 6 years com-
pared with < 10% (1/11) and < 30% (3/11), respectively,
of children with the GC or CC genotype. In fact, among
the latter group of children, the risk for wheeze and asthma
did not change with increasing number of viral infections
(Fig 3). Although the number of GC or CC children with 3
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or more viral infections in infancy is small (N 5 11), the
trend is striking given that only 1 of these children
wheezed at age 5 years and only 3 developed asthma by
age 6 years, raising the possibility that viral respiratory in-
fections in infancy may protect against subsequent devel-
opment of asthma in children with a C allele at this SNP.

DISCUSSION

On the basis of our previous report of associations
of ITGB3 SNPs with asthma-related and atopy-related
phenotypes in multiple populations,10 we expanded our
investigation to include the children of 1 of these popula-
tions and to explore genotype-specific effects on the natu-
ral history of asthma and allergy. Our survey of 13 SNPs in
ITGB3 in 206 children revealed associations with IgE
levels that were evident at 1 year of age and with wheezing
at age 5 years and asthma at age 6 years. Thus, this study
not only further suggests a role for this gene in asthma
pathogenesis but also indicates that the effects of this
gene begin in the first year of life. Moreover, the patterns
of association revealed by this and our previous study10

suggest that multiple SNPs contribute to susceptibility,
perhaps at different stages of development, and that geno-
type-specific risks may be context-dependent, interacting
with exposures in early life. In the COAST children,

FIG 1. Increase in IgE level through year 6 by ITGB3 genotype

(.007 < P < .05). IgE levels were not available for year 4. Sample

sizes for each genotype are shown along the x-axis in the order

shown in the legend.
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SNPs in the 39 region of the gene had main effects on
IgE levels, whereas a SNP in intron 1 interacted with
VRIs in infancy to influence risk for the subsequent devel-
opment wheezing illnesses and asthma.

The 2 SNPs at the 39 end of the gene that are associated
with IgE level in COAST children (Fig 1) were also asso-
ciated with asthma or allergic sensitization in their parents
and in an unrelated case-control sample of Chicago white
subjects,10 suggesting that either the SNPs themselves or
other untyped SNPs in LD with them influence suscepti-
bility. Their location in the 39 region (1 in the 39 UTR),
and the absence of any coding SNPs in LD with these
SNPs,20 suggest that the associated SNPs influence ex-
pression level or mRNA stability. In fact, SNPs in the 39

UTR can modulate mRNA or protein expression levels
though a variety of mechanisms.32-36 Moreover, integrins
have been implicated in cellular interactions necessary for
IgE synthesis37 and in asthma pathogenesis.38

FIG 2. Visual representation of haplotypes at ITGB3. A schematic

illustration of the ITGB3 gene is shown at the top of the figure.

White boxes indicate ancestral alleles and gray derived alleles.

The number of each chromosome/haplotype observed is shown

in the far right column. Haplotypes are sorted by the IgE-associated

SNPs (rs2317676 and rs2317677).
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In particular, b3-integrin ITGB3–deficient mice show
elevated TGF-b1 signaling and enhanced/accelerated
wound healing.38 TGF-b1 is highly expressed in the respi-
ratory tract and is a negative regulator of airway inflamma-
tion and hyperresponsiveness.39,40 TGF-b1 is generally
found to be more highly expressed in the airways of
patients with asthma compared with controls without
asthma,41 perhaps reflecting remodeling processes of asth-
matic airways.42 Therefore, SNPs that reduce expression
of ITGB3 could result in elevated TGF-b1 levels in the
airway and contribute toward asthma pathogenesis, as our
data suggest.

The single coding SNP in this gene, Leu33Pro, defines
the platelet antigen P1A1/A2 that influences receptor signal-
ing in human platelets, with the Pro allele conferring
enhanced signaling.14 This SNP was modestly associated
with asthma in the COAST children and showed a simi-
larly modest association with allergic sensitization in
COAST parents and in Hutterites.10 It is possible, there-
fore, that the signaling properties mediated by this SNP
could affect downstream targets of ITGB3 that influence
asthma susceptibility, or could influence susceptibility
directly through some other mechanism. In either case,
this SNP was consistently among the less associated
SNPs in both studies and does not account for a significant
proportion of the genetic risk associated with this gene.

According to HapMap data, 2 of the 3 most significant
SNPs in ITGB3 (rs3851806 and rs2317676; rs2317677
has not been typed) are each in LD with surrounding
SNPs; it is possible, therefore, that the results we observe
are merely a result of their association with the real risk var-
iants. The patterns of LD, however, would suggest that the
true risk variants, if not those reported here, are nonetheless
within ITGB3, because the intron 1 SNP (rs3851806) is
primarily in strong LD with other intron 1 variants, and
the 39 UTR SNP (rs2317676) lies in a block of LD with
other markers at the 39 end of the gene (data not shown).
In addition, the 2 highly significant 39 SNPs reported in
this study are not in LD with one another, suggesting a
role for 39 variation in ITGB3 regulation regardless.

Examination of an important environmental risk factor
in infancy in the COAST cohort revealed additional
complexities of association. SNPs in intron 1 showed
significant GEIs with the number of VRIs in the first year
(Table I and Fig 3). These SNPs were not included in our
earlier study, so we do not know if they are associated with
asthma or allergy in the 4 samples included in that study.
COAST children with 1 or 2 copies of the C allele at SNP
rs3851806 were protected against the effects of viral ill-
nesses on asthma and wheezing risks, whereas 3 or more
VRIs was a significant risk factor for wheezing and asthma
among children with the GG genotype. This GEI is similar
to those reported for other exposures, where genotype-
specific risks for atopic phenotypes differ by environmen-
tal exposures.43-45 We previously reported GEIs between
daycare exposure in the first 6 months of life and first year
immune phenotypes in COAST children.23 Significant
GEIs with SNPs in the IL-4 receptor a (IL4RA) gene and
IFN-g responses and the FCERB1 gene and IL-5 responses
were nearly completely accounted for by the increased
number of VRIs among children attending daycare.
Therefore, genotype-specific risks at loci that influence
TH1 (IFN-g) and TH2 (IL-5) responsiveness in mononu-
clear cells at 1 year of age differ by exposure to moderate
to severe VRIs in infancy, and may further interact with
ITGB3 genotype to determine subsequent risk for asthma.
Although the size of the COAST cohort is too small to
examine these higher levels of interaction, it would not
be surprising if such interactions exist and contribute to
asthma susceptibility. Last, interactions with VRIs in
infancy, or with other relevant environmental exposures,
could account for associations with different ITGB3
alleles in different populations, as we previously reported.10

In summary, our results further support a role for
ITGB3 in asthma susceptibility, and extend our earlier
findings to indicate that the effects of this gene on the de-
velopment of atopic phenotypes begin in the first year of
life. Furthermore, SNPs in this gene show interaction ef-
fects with VRIs in infancy on asthma risk. The fact that
different SNPs throughout the gene are associated with
IgE levels, asthma, and with viral interactions suggest
that the effects of this gene act through multiple mecha-
nisms, which likely influence gene regulation and/or ex-
pression. Regardless of the mechanism, however, these
studies implicate integrins in asthma pathogenesis and
response to viral respiratory infections in infancy, as pre-
viously suggested.10,46,47

FIG 3. Interaction plots for rs3851806 with number of moderate

to severe VRIs in infancy. A, Wheezing at age 5 years. B, Asthma

at age 6 years. Interaction P values 5 .009 and .008, respectively.

Sample sizes for each genotype group appear in the legend; sam-

ple sizes for each year on the x-axis (GG, GC/CC). Sample sizes are

reported in the text.
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