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Objective: The aim of this study was to determine whether ADAM33 (a disintegrin and metalloproteinase
domain 33) polymorphisms confer susceptibility to asthma in different populations.

Methods: We performed a meta-analysis on the association between the ADAM33 S2, ST+4, F+1, S1, and V4
polymorphisms and asthma.

ﬁey;:"oms" Results: Thirteen studies in ten reports, which included 4942 patients and 7933 controls, were available for
AISJtAﬁ; the meta-analysis. Meta-analysis stratified by ethnicity indicated an association between the ADAM33 S2 2

allele and asthma in Europeans (OR = 0.912,95% CI = 0.851-0.977, p = 0.009). Meta-analysis revealed an as-
sociation between asthma and the ADAM33 ST+4 2 allele (OR = 0.783, 95% Cl = 0.762-0.999, p = 0.048).
Stratification by ethnicity indicated an association between the ADAM33 ST+4 polymorphism and asthma in
Asians. Stratification by age indicated an association between the ADAM33 ST+4 2 allele and asthma in adults
(OR = 0.863, 95% CI = 0.782-0.964, p = 0.008). However, no association was found between asthma and
the ADAM33 F+1, S1, and V4 polymorphisms.

Conclusions: This meta-analysis demonstrates that the ADAM33 S2 polymorphism confers susceptibility to asthma

Polymorphism
Meta-analysis

in Europeans and the ADAM33 ST+4 polymorphism is associated with asthma in Asians and adults.

© 2013 Published by Elsevier B.V.

1. Introduction

Asthma is an inflammatory disease characterized by intermittent
inflammation of the small airways with symptoms of wheezing and
shortness of breath. This inflammation leads to airway scarring and
intractable airflow limitations. Although the etiology of asthma has
not been determined, genetic studies have established that asthma
susceptibility has a genetic component (Li et al., 2010).

ADAM33 (a disintegrin and metalloproteinase domain 33), located on
chromosome 20p13, was the first gene identified in asthma by positional
cloning (Van Eerdewegh et al., 2002). ADAM33 is a member of the
multifunctional ADAM family of genes that code for zinc-dependent
metalloproteinases. The ADAM33 protein has several domains, including
metalloprotease-like, disintegrin-like, cysteine-rich, epidermal growth
factor-like, transmembrane, and cytoplasmic domains (Yoshinaka et al.,
2002). This protein is important for cell fusion, cell adhesion, cell signal-
ing, and proteolysis and has been suggested to play an important role

Abbreviations: ADAM33, a disintegrin and metalloproteinase domain 33; ORs, odds
ratios; Cls, confidence intervals; H-W, Hardy-Weinberg; F, fixed effects model; R, ran-
dom effects model.
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in the activation of growth factors and Th2 cytokines (Shapiro and
Owen, 2002). ADAM33 mRNA expression was found to be elevated in
the lungs of a murine model of allergen-induced chronic airway inflam-
mation (Jie et al., 2009) and in lung fibroblasts and bronchial smooth
muscle. Furthermore, increased levels of ADAM33 mRNA and protein
were detected in the bronchoalveolar lavage fluid and bronchial biop-
sies of asthma patients (Garlisi et al., 2003; Van Eerdewegh et al.,
2002). These findings suggest that ADAM33 may be involved in the
pathogenesis of asthma.

ADAM33 is highly polymorphic and several of its polymorphisms
have been studied in asthma (Chae et al., 2003). However, whereas
some reports have associated ADAM33 polymorphisms with asthma,
others have found no association (Bijanzadeh et al., 2010; Blakey et
al.,, 2009; Hirota et al., 2006; Howard et al., 2003; Jie et al., 2011;
Lee et al., 2004; Qu et al., 2011; Su et al., 2008). This disparity may
be due to small sample sizes, low statistical power, and/or clinical
heterogeneity. Therefore, to overcome the limitations of individual
studies, resolve inconsistencies, and reduce the likelihood of random
errors causing false-positive or false-negative associations, we turned
to meta-analysis (Lee et al., 2006a, 2006b). A recent review article by
Sharma et al. showed that 17 ADAM33 polymorphisms have been done
worldwide in case-control study settings (Sharma et al,, 2011). The
numbers of studies on the ADAM33 polymorphisms were various and
some polymorphisms were not possible for meta-analysis due to the lim-
ited data. We selected 5 ADAM33 polymorphisms for meta-analysis
based on the number of studies published. The aim of the present study
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was to use meta-analysis to determine whether the ADAM33 S2, ST+4,
F+1, S1, and V4 polymorphisms confer susceptibility to asthma.

2. Methods
2.1. Identification of eligible reports and data extraction

We performed a literature search using the MEDLINE citation da-
tabase to identify articles that examined associations between the
ADAM33 S2, ST+4, F+1, S1, and V4 polymorphisms and asthma.
Combinations of keywords, such as ‘ADAM33," ‘polymorphism,” and
‘asthma’ were entered as the Medical Subject Heading (MeSH) and
text words. References in the identified reports were also used to
identify additional reports not indexed by MEDLINE. Reports were in-
cluded in this meta-analysis if (1) they were published before March
2012 (2) they contained original data (to ensure independence among
studies), (3) they provided sufficient genotype data to calculate an odds
ratio (OR), and (4) they showed how asthma was diagnosed in each
study. The following were excluded: (1) reports containing overlapping
data, (2) reports in which the number of null and wild genotypes could
not be ascertained, (3) reports in which genotype distributions in the
control population were not in accord with Hardy-Weinberg (H-W)
expectations, and (4) reports in which family members had been
studied, such as those involving transmission disequilibrium studies
(because such analyses were based on linkage considerations). The
following information was extracted from each report: author, year of
publication, ethnicity of the study population, demographics, age, and
number of cases and controls for each of the three polymorphisms.
Allele frequencies were calculated from the corresponding genotype
distributions.

2.2. Evaluation of publication bias

Funnel plots are often used to detect publication bias, but funnel
plotting requires a range of studies of varying sizes involving subjective
judgments. Therefore, we evaluated publication bias using Egger's line-
arregression test (Egger et al., 1997), which measures funnel plot asym-
metry using a natural logarithm scale of odds ratios (ORs).

2.3. Evaluations of statistical associations

The chi-squared test was used to determine whether observed
genotype frequencies conformed to H-W expectations (http://ihg2.
helmholtz-muenchen.de/cgi-bin/hw/hwal.pl). We examined the con-
trast of the allelic effect of 2 (minor allele) versus 1 (common allele)

Table 1
Characteristics of reports included in the meta-analysis.

of ADAM33 polymorphisms. If an allelic association of the polymor-
phisms was found, further meta-analyses were performed using (1) co-
dominant (2) recessive, and (3) dominant models. Subgroup analyses
were performed by ethnicity and age. Point estimates of risks, ORs, and
95% confidence intervals (CIs) were calculated for each study. Cochran's
Q-statistic was used to assess within- and between-study variations
and heterogeneities. This heterogeneity test assesses the null hypothe-
sis that all studies evaluated have the same effect. I values were used to
quantify heterogeneity. I? values range between 0% and 100% and rep-
resent the proportion of between-study variability that can be attribut-
ed to heterogeneity rather than chance (Higgins and Thompson, 2002).
12 values of 25%, 50%, and 75% were nominally assigned as low, moder-
ate, and high estimates, respectively. Larger samples yield more precise
estimates than smaller samples. We adjusted sample sizes. Studies with
larger samples were assigned more weight in the meta-analysis. The
fixed effects model assumes that a genetic factor has the same effect
on asthma susceptibility across all studies investigated, and that varia-
tions between studies are caused by chance alone. The random effects
model assumes that different studies have substantial diversity and
assesses within-study sampling errors and between-study variances.
When study groups are homogeneous, the two models are similar, but
when they are not, the random effects model usually provides wider
CIs than the fixed effects model. The random effects model is used
when there is significant heterogeneity between studies (DerSimonian
and Laird, 1986). Statistical manipulations were undertaken using the
Comprehensive Meta-Analysis computer program (Biostat, Englewood,
NJ, USA). We conducted five types of meta-analyses, namely, on S2,
ST+4, F+1, S1, and V4 polymorphisms of ADAM33 in asthma.

3. Results
3.1. Reports included in the meta-analysis

Seventy-four reports were identified by electronic and manual
searches and 23 were selected for full-text review based on title and ab-
stract details (Awasthi et al,, 2011; Bijanzadeh et al., 2010; Blakey et al.,
2009; de Faria et al., 2008; Hirota et al., 2006; Howard et al., 2003; Jie et
al.,2011; Kedda et al., 2006; Lee et al., 2004; Lind et al., 2003; Noguchi et
al., 2006; Qu et al.,, 2011; Raby et al., 2004; Schedel et al., 2006; Su et al.,
2008; Tripathi et al.,, 2011; Undarmaa et al.,, 2010; Vergara et al., 2010;
Wang et al., 2006; Werner et al., 2004; Zhang et al., 2009). Thirteen
were excluded because they had no genotype data (Kedda et al., 2006;
Lind et al., 2003; Raby et al., 2004; Schedel et al., 2006; Undarmaa et
al,, 2010; Vergara et al., 2010; Werner et al.,, 2004), they had no family
data (Noguchi et al.,, 2006), or they had duplicate data (Zhang et al.,

Ref. Ethnicity ~ Subject  Subjects Polymorphisms Association findings Diagnostic criteria
age Asthma  Control studied
Jie et al. (2011) Asian Mixed 150 74 F+1, ST+4, S1, S2 F+1 (p = 0.031), ST+4, S1, S2 (NS) Global Initiative for Asthma
(GINA)
Qu et al. (2011) Asian Children 412 397 F+1,Vv4 F+1 (NS), V4 (p < 0.001) Chinese Society of Respiratory
Disease
Tripathi et al. (2011)  Asian Adult 175 253 F+1,ST+4,S2,v4  F+1 (p <0.001), ST+4 (p = 0.013), GINA
S2 (p < 0.0001), V4 (p < 0.001)
Awasthi et al. (2011)  Asian Children 211 137 F+1,ST+4,S2,V4  F+1 (p <0.001), ST+4 (p = 0.010), GINA
S2 (p <0.001), V4 (p = 0.031)
Blakey et al. (2009) European  Mixed 2021 5100 F+1, S2 F+1 (NS), S2 (p = 0.032) Interview, questionnaires
Su et al. (2008) Asian Adult 181 151 V4, S1 V4(p < 0.0001), S1 (NS) Chinese Society of Allergology
Wang et al. (2006) Asian Adult 296 270 F+1 F+1 (NS)
Hirota et al. (2006) Asian Adult 503 648 F+1,ST+4,S2,v4  F+1 (NS), ST+4 (NS), S2 (p = 0.028), V4 (NS)  American Thoracic Society
Lee et al. (2004) Asian Mixed 326 151 V4, S1 V4(NS) S1 (NS) American Thoracic Society
Howard et al. (2003)  European  Adult 180 133 ST+4,S1,S2,ST+4  ST+4, S1, S2 (NS) American Thoracic Society
African Adult 160 263 S1,S2,v4 S2 (p = 0.03), others (NS)
European  Adult 216 229 ST+4, S1,S2 ST+4, S1, S2 (NS)
Hispanic  Adult 111 127 S1, S2,v4 S2 (p = 0.04), others (NS)

Ref. = reference, NS = not significant.
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Table 2
Analysis of the association between the ADAM33 S2 polymorphism and asthma.

Polymorphism Population No. of studies Test of association Test of heterogeneity
OR 95% CI p-Value Model p-Value 2
S2 Overall 9 1.522 0.921-2.515 0.101 R 0.000 97.3
2vs. 1 European 3 0912 0.851-0.977 0.009 F 0.425 0
Asian 4 2.467 0.669-9.104 0.175 R 0.000 98.6
Adult 6 1429 0.684-2.986 0.342 R 0.000 97.1
22vs.21 + 11 Overall 9 1.650 0.787-3.460 0.185 R 0.000 943
(recessive) European 3 0.789 0.664-0.937 0.007 F 0.192 0
Asian 4 3435 0.686-17.19 0.133 R 0.000 95.5
Adult 6 1.493 0.557-4.005 0.426 R 0.000 93.2
22 + 21vs. 11 Overall 9 1.658 0.982-2.798 0.058 R 0.000 95.4
(dominant) European 3 0.919 0.844-1.002 0.055 F 0.306 154
Asian 4 3.148 0.639-15.49 0.159 R 0.000 979
Adult 6 1.501 0.680-3.314 0.314 R 0.000 95.1
22 vs. 11 Overall 9 2.034 0.745-5.550 0.166 R 0.000 959
(codominant) European 3 0.769 0.645-0.917 0.004 F 0.669 0
Asian 4 5.724 0.534-61.37 0.149 R 0.000 97.3
Adult 6 1.706 0.434-6.705 0.445 R 0.000 95.2
22 vs. 21 Overall 9 1.425 0.825-2.460 0.204 R 0.000 87.8
(codominant) European 3 0.816 0.681-0.976 0.026 F 0.608 0
Asian 4 2.541 0.873-7.397 0.087 R 0.000 88.4
Adult 6 1.332 0.663-2.676 0.420 R 0.000 84.5

F = fixed effects model, R = random effects model.

2009), or data on other polymorphisms (Awasthi et al., 2011; de Faria et
al., 2008). Thus, 10 reports met the inclusion criteria (Awasthi et al,
2011; Bijanzadeh et al,, 2010; Blakey et al., 2009; Hirota et al., 2006;
Howard et al., 2003; Jie et al,, 2011; Lee et al.,, 2004; Qu et al., 2011; Su
et al., 2008; Tripathi et al., 2011; Wang et al., 2006). One of these reports
contained data on four different groups (Howard et al., 2003), and we
analyzed these groups independently. Therefore, a total of 13 studies
were included in this meta-analysis, which contained 4942 patients
and 7933 controls, and eight Asian, three European, one African, and
one Hispanic sample population. Eight studies were performed on adults,
two studies on children, and three studies on a mixed group (Table 1).
Distribution of ADAM33 genotype and allele frequency for asthmatic pa-
tients and controls in the population was provided in Supplementary
Table 1. The distribution of ADAM33 polymorphisms in normal controls
was not consistent with H-W equilibrium in two studies on V4 by
Howard et al. Deviation from H-W equilibrium among controls implies
potential bias during control selection or genotyping errors. We

Table 3
Analysis of the association between the ADAM33 ST+4 polymorphism and asthma.

excluded data not in-line with H-W expectations from the meta-
analysis. Ethnicity-specific meta-analysis was conducted on Asian and
on European populations. The number of studies used to examine
ADAM33 polymorphisms was as follows: (1) S2 = nine, (2) ST+4 =
eight, (3) F+1 = seven, (4) S1 = seven and (5) V4 = eight. Selected
characteristics of these studies are summarized in Table 1.

3.2. Meta-analysis of the relationship between ADAM33 S2 and ST+4
polymorphisms and asthma

A summary of the association results between ADAM33 S2 and
ST+4 polymorphisms and asthma is provided in Tables 2 and 3.
Meta-analysis revealed no association between asthma and the
ADAM33 S2 2 allele (OR = 1.522, 95% CI = 0.921-2.515, p = 0.101)
(Table 2). Stratification by ethnicity indicated an association between
the ADAM33 S2 2 allele and asthma in Europeans (OR = 0.912, 95%
Cl = 0.851-0.977, p = 0.009), but not in Asians (Table 2). Stratification

Polymorphism Population No. of studies Test of association Test of heterogeneity
OR 95% CI p-Value Model p-Value 12
ST+4 Overall 8 0.783 0.762-0.999 0.048 R 0.089 433
2vs. 1 European 2 0.905 0.734-1.116 0.351 F 0.471 0
Asian 4 0.854 0.689-1.060 0.153 R 0.058 59.8
Adult 6 0.863 0.782-0.964 0.008 F 0.197 31.8
22vs.21 + 11 Overall 8 0.831 0.704-0.981 0.029 F 0.213 26.9
(recessive) European 2 0.864 0.609-1.205 0.412 F 0.201 38.8
Asian 4 0.813 0.661-0.999 0.049 F 0.309 164
Adult 6 0.853 0.713-1.021 0.084 F 0.193 36.4
22 + 21 vs. 11 Overall 8 0.838 0.723-0.971 0.018 F 0.254 22.0
(dominant) European 2 0.889 0.640-1.236 0.485 F 0.894 0
Asian 4 0.844 0.618-1.153 0.287 R 0.075 56.5
Adult 6 0.813 0.692-0.955 0.012 F 0.589 0
22 vs. 11 Overall 8 0.768 0.632-0.932 0.008 F 0.127 37.8
(codominant) European 2 0.868 0.568-1.328 0.515 F 0.492 0
Asian 4 0.733 0.575-0.935 0.012 F 0.135 46.1
Adult 6 0.774 0.626-0.957 0.018 F 0.175 348
22 vs. 21 Overall 8 0.880 0.737-1.049 0.154 F 0.418 1.51
(codominant) European 2 0.887 0.611-1.286 0.526 F 0.143 52.6
Asian 4 0.863 0.692-1.076 0.191 F 0.589 0
Adult 6 0.912 0.753-1.104 0.344 F 0.329 134

F = fixed effects model, R = random effects model.
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by age indicated no association between the ADAM33 S2 2 allele and
asthmain adults (OR = 1.429,95% Cl = 0.684-2.986, p = 0.342). Anal-
ysis using the recessive or additive model showed the same pattern for
the ADAM33 S2 2 allele (Table 2, Fig. 1). We selected data for 22 vs. 11
for figures, because the homozygote comparison of a codominant model
showed the meta-analysis result best (Fig. 1, 2). Meta-analysis
revealed an association between asthma and the ADAM33 ST+4 2
allele (OR = 0.783, 95% CI = 0.762-0.999, p = 0.048) (Table 3).
Analysis using the dominant, recessive, or additive model showed
the same pattern for the ADAM33 ST+4 2 allele (Table 3, Fig. 2).
Stratification by ethnicity indicated an association between the
ADAM33 ST+4 polymorphism and asthma in Asians under the re-
cessive and additive models (OR = 0.813, 95% CI = 0.661-0.999,
p = 0.049; OR = 0.733, 95% CI = 0.575-0.935, p = 0.012) (Table 3).
Furthermore, stratification by age indicated an association between
the ADAM33 ST+4 2 allele and asthma in adults (OR = 0.863, 95%
Cl = 0.782-0.964, p = 0.008). Meta-analyses of the ADAM33 ST+4
polymorphism using the dominant or additive model showed the
same pattern as meta-analysis of the ADAM33 ST+4 2 allele, that is, a
significant association with asthma in adults (Table 3).

3.3. Meta-analysis of ADAM33 F+1, S1, and V4 polymorphisms and asthma

A summary of the association results between ADAM33 F+1, S1,
and V4 polymorphisms and asthma is shown in Table 4. No associa-
tion was found between asthma and ADAM33 F+1, S1, and V4 poly-
morphisms using the allele contrast, recessive, dominant, or additive
models (OR for allele = 1.064, 95% CI = 0.844-1.342, p = 0.598;
OR = 0.939, 95% CI = 0.729-1.209, p = 0.626; OR = 1.220, 95%
Cl = 0.815-1.825, p = 0.334) (Table 4). In addition, meta-analysis
stratified by ethnicity and age revealed no association between asth-
ma and ADAM33 F+1, S1, and V4 polymorphisms (Table 4).

3.4. Heterogeneity and publication bias

Between-study heterogeneity was found during analyses of ADAM33
polymorphisms except for the S1 polymorphism (Tables 2-4). In the
analysis of S2 polymorphisms, heterogeneity was resolved in the
meta-analysis of Europeans after stratification by ethnicity and was
not found in adults under any genetic model. In the meta-analysis
of ST+4 polymorphisms, heterogeneity was not found in Asians

A
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit p-Value
Jie, 2011 0.935 0.223 3.916 0.926 .
Tripathi, 2011 46.640 22740 95.658 0.000
Awashi, 2011 30.857 14.439 65.943 0.000
Blakey, 2009 0.789 0.655 0.951 0.013 B
Hirota, 2006 0.729 0.428 1.239 0.243 -+l
Howard-1,2003 0547 0221 1356  0.193 ——
Howard-2, 2003 1.437 0.739 2.795 0.285 —H—
Howard-3, 2003  0.659 0.332 1.311 0.235 — i+
Howard-4, 2003 1.364 0.421 4.417 0.605 B
2.034 0.745 5.550 0.166 -'.--
0102 05 1 2 5 10
Control Asthma
B
Group by Study name Statistics for each study Odds ratio and 96% CI
Ethnicity Odds Lower Upper
ratio limit limit  p-Value
African Howard-2, 2003 1.437 0.738 2.795 0.285
African 1437 0739 2795 0.285
Asian Jie, 2011 0935 0223 3918 0.926
Asian Tripathi, 2011  46.640 22740 95658  0.000
Asian Awashi, 2011 30.857 14438 65943 0.000
Asian Hirota, 2006 0720 0428 1239 0243 -+
Asian 5724 0534 61370  0.149 -— -
European Blakey, 2009 0789 0655 0.951 0.013 E 1
European Howard-1, 2003 0547 0221 1.356 0.193 —.—
European Howard-3, 2003 0.659 0332 1.311 0.235 — B
European 0769 0645 0917  0.004 &
Hispanic Howard-4, 2003 1.364 0421 4417  0.605 i
Hispanic 1364 0421 4417 0605 ~teeen S
01 02 05 1 2 5 10
Control Asthma

Fig. 1. ORs and 95% Cls of individual studies and pooled data for the 22 vs. 11 genotypes between asthma and the ADAM33 S2 polymorphism for all studies (A) and for each ethnic group (B).
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A
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit p-Value
Jie, 2011 1.439 0.618 3.352 0.399 —E—
Tripathi, 2011 0.522 0.302 0.901 0.020
Awashi, 2011 0.533 0.296 0.961 0.036
Hirota, 2006 0.827 0.595 1.148 0.256 . B
Howard-1,2003  0.729 0.379 1.404 0.345 -
Howard-2, 2003  0.529 0.287 0.975 0.041
Howard-3, 2003  0.986 0.564 1.725 0.961 ——
Howard-4, 2003  1.697 0.725 3.975 0.223 —
0.768 0.632 0.932 0.008 0
0102 05 1 2 5 10
Control Asthma
B
Group by Study name Statistics for each study Odds ratio and 95% CI
] Odds Lower Upper
ratio  limit limit  p-Value
African Howerd-2, 2003 0529 0287 0975  0.041
African 0529 0287 0975  0.041
Asian Jie, 2011 1439 0618 3352  0.399 —
Asian Tripathi, 2011 0522 0302  0.901 0.020
Asian Awashi, 2011 0533 0296 0.961 0.036
Asian Hirota, 2006 0827 0595 1.148 0.256
Asian 0733 0575 0935 0012
European Howard-1, 2003 0.729 0379 1404  0.345
European Howard-3, 2003 0986 0564 1725  0.961
European 0868 0568 1328 0515
Hispanic Howerd-4, 2003 1697 0725 3.975 0.223
Hispanic 1697 0725 3875 0223
01 02 05 1 2 5§ 10
Control Asthma

Fig. 2. ORs and 95% CIs of individual studies and pooled data for the 22 vs. 11 genotypes between asthma and the ADAM33 ST+4 polymorphism for all studies (A) and for each

ethnic group (B).

under the recessive and additive models. The funnel plot, which is
usually used to detect publication bias, was difficult to interpret because
we included a relatively small number of studies. Egger's regression test
showed no evidence of publication bias in the meta-analysis (Egger's

regression test p-values > 0.1).

Table 4

4. Discussion

Although asthma can have many causes, genetic factors are consid-
ered strong determinants. Therefore, researchers have focused on iden-
tifying specific genes involved in the disease (Arima and Fukuda, 2011;

Analysis of the association between ADAM33 F+1, S1, and V4 polymorphisms and asthma.

Polymorphism Population No. of studies Test of association Test of heterogeneity
OR 95% CI p-Value Model p-Value 2
F+1 Overall 7 1.064 0.844-1.342 0.598 R 0.000 89.4
2vs. 1 European 1 1.194 1.115-1.280 0.000 NA NA NA
Asian 6 1.051 0.768-1.439 0.755 R 0.000 89.0
Adult 3 0.779 0.540-1.124 0.181 R 0.000 87.3
S1 Overall 7 0.939 0.729-1.209 0.626 F 0.790 0
2vs. 1 European 2 0.879 0.612-1.265 0.488 F 0.434 0
Asian 3 0.966 0.639-1.460 0.870 F 0.341 6.97
Adult 5 0.881 0.672-1.156 0.361 F 0.868 0
V4 Overall 8 1.220 0.815-1.825 0.334 R 0.000 94.0
2vs. 1 European NA NA NA NA NA NA NA
Asian 6 1.264 0.773-2.067 0.351 R 0.000 95.3
Adult 5 1.233 0.697-2.184 0.472 R 0.000 94.5

F = fixed effects model, R = random effects model.
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Torgerson et al,, 2011). Furthermore, airway structural changes due to
airway remodeling play an important role in the development of airway
obstruction in asthma. ADAM33 is expressed in lung fibroblasts and
bronchial smooth muscle cells (Garlisi et al., 2003). Because of its ex-
pression profile, ADAM33 has been suggested to play a role in airway re-
modeling in patients with asthma and is considered a possible causative
gene. In addition, it has been suggested that ADAM33 polymorphisms
could lead to impaired or enhanced shedding of molecules associated
with airway remodeling, and thus affect proliferation and inflammation
in airways (Shapiro and Owen, 2002).

In the present study, we addressed associations between the
ADAM33 S2, ST+4, F+1, S1, and V4 polymorphisms and asthma suscep-
tibility. Meta-analysis stratified by ethnicity indicated an association be-
tween the ADAM33 S2 2 allele and asthma in Europeans (OR = 0.912,
95% CI = 0.851-0.977, p = 0.009), but not in Asians. Furthermore, we
found an association between asthma and the ADAM33 ST+4 2 allele
(OR = 0.783, 95% CI = 0.762-0.999, p = 0.048). Stratification by eth-
nicity indicated an association between the ADAM33 ST+2 polymor-
phism and asthma in Asians under the recessive and additive models
(OR = 0.813, 95% CI = 0.661-0.999, p = 0.049; OR = 0.733, 95%
Cl = 0.575-0.935, p = 0.012). Stratification by age indicated an as-
sociation between the ADAM33 ST+4 2 allele and asthma in adults
(OR = 0.863, 95% CI = 0.782-0.964, p = 0.008). However, we found
no association between asthma and ADAM33 F+1, S1, and V4 polymor-
phisms using the allele contrast, recessive, dominant, or additive models.
Moreover, when data were stratified by ethnicity and age, meta-analysis
revealed no association between asthma and ADAM33 F+1, S1, and V4
polymorphisms. The ADAM S2 polymorphism was observed to be asso-
ciated with asthma in Europeans and the ADAM33 ST+4 polymorphism
with Asians and adults. The reason why a particular polymorphism was
associated with one population and the association was nil for another
population may be due to the difference of the allele frequency of
the ADAM33 polymorphisms among ethnic groups. For example,
Europeans had a lower minor S2 allele prevalence than Asians. In
terms of normal controls of this study, the frequencies of the S2
minor allele in the European and Asian populations were 17.0 and
32.2%, respectively.

The functional significance of the ADAM33 S2, ST+4, F+1, S1, and
V4 polymorphisms remains unclear, and further functional studies
are needed to clarify which ADAM33 polymorphisms alter gene ex-
pression and function. It has been suggested that some ADAM33 poly-
morphisms may affect alternative splicing, splicing efficiency, or mRNA
turnover and accelerate the proliferation of smooth muscle cells and fi-
broblasts to cause bronchial hyperreactivity and subepithelial fibrosis
(Van Eerdewegh et al,, 2002). It is also possible that S2 and/or ST+4
are functional variants or in linkage disequilibrium with a causative
polymorphism. In the present study, we identified an association be-
tween the ADAM33 S2 polymorphism and asthma in European patients
and between the ADAM33 ST+4 polymorphism and asthma in Asians
and adults. Our findings indicate age-related genetic susceptibility and
ethnic differences in asthma pathogenesis. However, because of the
limited number subjects, further studies are warranted to validate
ethnic- and age-specific risk factors of asthma.

The present study had some limitations. First, heterogeneity and
confounding factors may have distorted the analysis, and publication
bias may have further affected the findings. Second, haplotype analy-
sis may have provided more information and would have been more
powerful than single polymorphism analysis. Haplotypes are consid-
ered to carry information about possible unobserved causal variants
in the region (Noguchi et al., 2006), but an analysis of haplotypes
was not possible because of inadequate haplotype data. Third, our
ethnic-specific analysis only included data on Asian and European
patients; thus, our results are applicable to only these ethnicities,
and further studies are required in other ethnic populations. Fourth,
data were not stratified by sex, disease severity, or clinical or environ-
mental variables because of insufficient data.

In conclusion, this meta-analysis demonstrated that the ADAM33
S2 polymorphism confers susceptibility to asthma in Europeans and the
ADAM33 ST+4 polymorphism is associated with asthma in Asians and
adults, but no association was found between the ADAM33 F+1, S1,
and V4 polymorphisms and asthma susceptibility. This meta-analysis
provides further evidence that the ADAM33 gene plays a role in the etiol-
ogy of asthma. Given what is known about the importance of ADAM33 in
asthma, our findings suggest that ADAM33 S2 and ST+-4 polymorphisms
may modulate the development of asthma. Further studies are required
to clarify the role of the ADAM33 gene in the pathogenesis of asthma.

Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.gene.2013.04.023.
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