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ABSTRACT. In this study, we evaluated the associations between
the V4 (rs2787094 G>C) polymorphism in a disintegrin and
metalloproteinase domain 33 (4ADAM33) gene and asthma risk. We
searched Web of Science, PubMed, Google Scholar, EBSCO, Cochrane
Library, and CBM databases from inception through August 2013,
without language restrictions. Meta-analysis was performed using the
STATA 12.0 software. Crude odds ratios and 95% confidence intervals
were calculated. Eight case-control studies were included, with a
total of 2128 asthma patients and 3134 healthy controls. Our results
suggest that the ADAM33 V4 polymorphism increases the risk of
asthma. Subgroup analysis according to the source of controls revealed
significant associations between the ADAM33 V4 polymorphism and
risk of asthma in population- and hospital-based subgroups under allele
and dominant models (all P <0.05). Further subgroup analysis using the
genotyping method suggested that the 4ADAM33 V4 polymorphism is
correlated with asthma risk in the polymerase chain reaction-restriction
fragment length polymorphism subgroup. However, no association was
found in the non-polymerase chain reaction-restriction fragment length
polymorphism subgroup. Meta-regression analyses showed that the
genotyping method may be a main source of heterogeneity (P = 0.003).
Our meta-analysis suggests that the ADAM33 V4 polymorphism
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contributes to the risk of asthma and may be utilized as a biomarker for
the early diagnosis of asthma.
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INTRODUCTION

Asthma, which is characterized by bronchial hyper-responsiveness and chronic bron-
chial inflammation, is a chronic inflammatory disorder of the conducting airways (Holgate,
2008). According to recent epidemiological studies, asthma is becoming one of the most
prevalent diseases in developing countries, mainly occurring in children, females, and black
persons (Liang et al., 2013). Approximately 300 million people are affected by asthma, caus-
ing nearly 180,000 deaths each year worldwide (Akinbami et al., 2012). Generally, asthma is
recognized as a multi-factorial disease induced by complex interactions between environmen-
tal and genetic factors (Tsicopoulos et al., 2013). Various intrinsic and extrinsic risk factors for
asthma have been established, including allergenic exposure, pollutants, tobacco, and aerosol
exposure among others; however, the causes of asthma are complex and not well-understood
(Louis et al., 2012). Because individuals of different genetic backgrounds show varying sus-
ceptibilities to asthma, molecular genetic factors are thought to play a crucial role in asthma
pathogenesis (Blumenthal, 2012).

A disintegrin and metalloproteinase 33 (ADAM33) belongs to a multifunctional
family of a disintegrin and metalloproteinase considered to be multi-domain proteins with
metalloprotease-like, epidermal growth factor-like, and cytoplasmic domains (Hodgkinson
et al., 2010; Klein and Bischoff, 2011). In recent decades, ADAM33 has been shown to have
a positive effect on cell signaling, cell adhesion, cell fusion, and proteolysis (Knutsen and
Slavin, 2011). Moreover, several experiments have suggested its important role in activating
growth factors and Th2 cytokines (Reiss and Saftig, 2009). The human ADAM?33 gene, which
is located on chromosome 20p13 and spans approximately 14 kb, contains 22 exons and 21 in-
trons and encodes a protein of 813 amino acids (Deloukas et al., 2001). ADAM33 is typically
expressed in human lung fibroblasts and bronchial smooth muscle cells. Thus, alterations in
ADAM33 activity may alter the function of these cells, leading to airway remodeling (Holgate
etal., 2006; Liang et al., 2013). Importantly, bronchial hyper-reactivity and airway obstruction
induced by the presence of airway remodeling is closely correlated with asthma (Lambrecht
and Hammad, 2012). Numerous studies have proposed that a common polymorphism (V4,
1s2787094 G>C) in the ADAM33 gene is significantly related to asthma susceptibility (Tripa-
thi et al., 2011; Awasthi et al., 2011; Qu et al., 2011). However, the results are conflicting, and
some studies indicate that there is no association between the ADAM33 V4 polymorphism
and asthma risk (Bijanzadeh et al., 2010; Qu et al., 2011). To resolve these conflicting results,
we performed a meta-analysis to examine the association between the ADAM33 V4 polymor-
phism and asthma development.

MATERIAL AND METHODS
Literature search strategy

We searched Web of Science, PubMed, Google Scholar, EBSCO, Cochrane Library,
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and CBM databases from inception through August 2013, without language restrictions. The
following key words and MeSH terms were used: [“SNP” or “mutation” or “genetic polymor-
phism” or “variation” or “polymorphism” or “single nucleotide polymorphism” or “variant™]
and [“asthma” or “bronchial asthma” or “AMA”) and [“a disintegrin and metalloprotease 33”
or “ADAM33”]. We also performed a manual search to identify other potential articles.

Selection criteria

Studies included in the meta-analysis had to meet all of the following criteria: 1) the
study design must be a clinical cohort or case-control study; 2) the study must be related to
the relationship between the ADAM33 V4 polymorphism and asthma risk; 3) all the patients
must conform to the diagnostic criteria for asthma; and 4) the study must provide sufficient
information regarding the frequencies of ADAM33 V4 polymorphism. If a study did not meet
the inclusion criteria, it was excluded from analysis. When authors published multiple studies
using the same subjects, either the most recent or the study with the largest sample size was
included.

Data extraction

Using a standardized form, relevant data were systematically extracted by two re-
searchers from all the included studies. The standardized form included the following items:
language of publication, publication year of the article, the first author’s surname, geographi-
cal location, design of study, sample size, the source of the subjects, allele frequencies, source
of samples, genotyping method of SNP, and evidence of Hardy-Weinberg equilibrium (HWE)
in the healthy controls.

Quality assessment

We evaluated the methodological quality of the included studies using the Newcastle-
Ottawa Scale (NOS) criteria (Stang, 2010). The NOS criteria evaluates 3 aspects: 1) subject
selection: 0-4 scores; 2) comparability of subjects: 0-2 scores; and 3) clinical outcome: 0-3
scores. NOS scores range from 0-9, with a score of >7 indicating good methodological quality.

Statistical analysis

We performed this meta-analysis using the STATA 12.0 software (Stata Corp., College
Station, TX, USA). Odds ratios (OR) and their 95% confidence intervals (CI) were estimated
under 5 genetic models: allele model (C allele vs G allele), dominant model (GC + CC vs GG),
recessive model (CC vs GG + GC), homozygous model (CC vs GG), and heterozygous model
(CC vs GC). The Z-test was used to estimate the statistical significance of ORs. Power calcu-
lations were conducted using PS Power and Sample Size Calculations (Dupont and Plummer
Jr., 1990). The Cochran’s Q-statisticd test and the I test were used to evaluate potential het-
erogeneity between studies (Zintzaras and loannidis, 2005). If the O-test resulted in P < 0.05
or the P test of >50%, indicating significant heterogeneity, the random-effect model was used;
otherwise, the fixed-effect model was used. We also performed subgroup and meta-regression
analyses to explore the potential sources of heterogeneity. Sensitivity analysis was performed
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by omitting each study in turn to evaluate the influence of single studies on the overall es-
timate. Funnel plots and the Egger linear regression test were also conducted to investigate
publication bias (Peters et al., 2000).

RESULTS
Characteristics of the studies included

A total of 118 articles relevant to the searched key words were initially identified.
The titles and abstracts of all the articles were reviewed, and 53 articles were excluded. Full
texts and data integrity were then reviewed and another 57 papers were excluded. Finally, 8
case-control studies were selected for inclusion in this meta-analysis (Howard et al., 2003;
Lee et al., 2004; Su et al., 2008; Awasthi et al., 2011; Qu et al., 2011; Chi et al., 2012; Li et al.,
2012; Miyake et al., 2012). The publication years of eligible studies ranged from 2003-2012.
The process of selecting eligible studies is shown in Figure 1. The distribution of the amount
of topic-related literature in the electronic database over the last decade is shown in Figure 2.

Studies were excluded because:

(N = 11) Letters, reviews, meta-analysis
TITLE & ABSTRACT REVIEW (N = 15) Not human studies

(N = 27) Not related to research topics

were excluded because:

INITIAL SEARCH (N = 8) Not relevant to Asthma [ ———
(August 1st, 2013) FULL-TEXT REVIEW (N = 28) Not relevant to ADAM33 N
(N = 118) polymorphism (N=8)

(N = 16) Not relevant to V4 polymorphism

Studies were excluded because:
DATA INTEGRITY REVIEW (N = 2) Duplicate publication
(N = 3) Insufficient data.

Figure 1. Flow chart of literature search and study selection. Eight case-control studies were included in this meta-
analysis.
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Figure 2. Distribution of topic-related studies in the electronic database.
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A total of 5262 subjects were analyzed in this meta-analysis, including 2128 asthma patients
and 3134 healthy controls. The statistical power of the included studies’ sample sizes were
higher than 0.70. Overall, 7 studies were conducted in Asian populations and 1 study was con-
ducted in a Caucasian population. The polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) method was performed in 4 studies, while the other 4 studies
used non-PCR-RFLP methods. Genotype frequencies of controls were all in HWE (all P >
0.05). NOS scores of all the included studies were higher than 6 (moderate-high quality).
Study characteristics and methodological quality are summarized in Table 1.

Table 1. Main characteristics and methodological quality of all the eligible studies.

First author Year Country Ethnicity Sample size Gender (M/F) Age (year) Genotyping HWE test NOS
Case Control Power Case Control Case Control ~ method (P value) score
Chi XY 2012 Chinese Asian 126 121  0.763 67/59 68/53 39.9+13.2 43.0+12.5 AS-PCR 0.071 8
Miyake Y 2012 Japan  Asian 89 1281 0.987 0/89 0/128130.4+42 31.5+42 TagMan 0.196 8
Li HB 2012 Chinese Asian 110 144 0.772 61/49 - - PCR-RFLP 0.396 6
QuS 2011 Chinese Asian 412 397  0.959 199/213192/205 7.7+2.8 7.5+3.0 PCR-RFLP 0.066 8
Awasthi S 2011 India  Asian 211 137  0.897 143/68 96/41 74.4+45.6 73.61+42.56 PCR-RFLP 0.088 8
SuD 2008 Chinese Asian 181 151 0.876 114/67 97/54 36.7+11.5 37.2+10.6 PCR-RFLP 0.068 7
Lee JH 2004 Korea Asian 326 151 0.898 131/195 80/71 48 (11-78) 27 (10-74) Direct sequencing 0.390 7
Howard TD 2003 Mix Mix 673 752 0993 - - - - MassArray 0.211 6
AS = allele-specific; PCR = polymerase chain reaction; RFLP = restriction fragment length polymorphism; NOS =

Newcastle- Ottawa Scale; M = male; F = female

Quantitative data synthesis

A summary of our findings regarding the associations between the ADAM33 V4
polymorphism and asthma risk is shown in Table 2. The random-effect model was used
because of the existence of significant inter-study heterogeneity. The meta-analysis results
indicated that the ADAM33 V4 polymorphism increases the risk of asthma (C vs G: OR
= 1.58, 95%CI: 1.14-2.18, P = 0.006; GC + CC vs GG: OR = 1.42, 95%CI: 1.25-1.60, P
= 0.000) (Figure 3). Subgroup analysis by source of controls showed that there were sig-
nificant associations between the ADAM33 V4 polymorphism and increased risk of asthma
in population-based and hospital-based subgroups (population-based: OR = 1.58, 95%CI:
1.06-2.35, P = 0.024; hospital-based: OR = 1.57, 95%CI: 0.73-3.37, P = 0.006) (Figure 4).
Further subgroup analysis by genotyping method suggested that the ADAM33 V4 polymor-
phism was correlated with asthma risk in the PCR-RFLP subgroup (C allele vs G allele: OR
=2.21, 95%CI: 1.44-3.40, P = 0.001; GC + CC vs GG: OR =2.29, 95%CI: 1.88-2.78, P <
0.001). However, no association was found in the non-PCR-RFLP subgroup (C allele vs G
allele: OR =1.07, 95%CI: 0.94-1.21, P = 0.314; GC + CC vs GG: OR =1.02, 95%CI: 0.87-
1.20, P = 0.769) (Figure 4).

The results of our sensitivity analysis suggest that no single study significantly in-
fluenced the overall pooled ORs (Figure 5). Univariate and multivariate meta-regression
analyses showed that genotyping method may be a main source of heterogeneity (P =
0.003; Table 3). We found no clear evidence of asymmetry based on funnel plots (Figure
6). The Egger test also did not display strong statistical evidence of publication bias (C
allele vs G allele: =-0.59, P =0.571; GC+CC vs GG: t=-1.39, P =0.198).
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Table 2. Meta-analysis of the association between the ADAM33 V4 polymorphism and asthma risk.

Subgroups C allele vs G allele GC + CCvs GG CCvs GG+ GC CCvs GG CCvs GC
(allele model) (dominant model) (recessive model) (homozygous model)  (heterozygous model)
OR  95%CI P OR 95%CI P OR 95%CI P OR 95%CI P OR  95%CI P
Overall 1.371.10-1.17 0.005 1.19 1.12-1.26 0.000 1.36 0.92-2.02 0.121 1.54 0.95-2.48 0.077 1.08 0.90-1.29 0.428

Source of control
Population-based 1.37 1.05-1.79 0.020 1.18 1.10-1.26 0.000 1.30 0.81-2.08 0.278 1.46 0.82-2.59 0.201 1.05 0.84-1.32 0.649
Hospital-based ~ 1.390.78-2.49 0.261 1.22 1.05-1.40 0.008 1.62 0.80-3.31 0.181 1.91 0.68-5.40 0.220 1.27 0.80-2.01 0.313
Genotyping method
PCR-RFLP 1.76 1.27-2.43 0.001 1.48 1.35-1.63 0.000 1.93 0.82-4.53 0.129 2.46 0.87-6.95 0.089 1.19 0.78-1.82 0.410
Non-PCR-RFLP 1.050.96-1.14 0.287 1.01 0.94-1.09 0.767 1.03 0.81-1.31 0.802 1.04 0.83-1.30 0.753 1.02 0.81-1.28 0.866

OR = odds ratios; 95%CI = 95% confidence interval; PCR-RFLP = polymerase chain reaction-restriction fragment
length polymorphism

Included study C allele versus G allele OR (95%Cl)  Weight%
.
Chi XY (2012) d——— 1.35(0.91, 2.01) 1174
.
]
Miyake Y (2012) —— 1.16 (0.85, 1.60 12.59
Li HB (2012) E— 2.36 (1.56, 3.56) 11.61
:
Qu S (2011) : —— 219 (1.77, 2.70 13.46
!
Awasthi S (2011) ——— 1.21(0.86, 1.71) 12.34
:
Su D (2008) —_—— 4.01(267,6.02) 11.68
!
Lee JH (2004) —_—— 1.08 (0.81, 1.45) 12.81
!
Howard TD (2003) —_— 0.99 (0.84, 1.17) 13.77
H
Heterogeneity test (2 = 90.0%, P < 0.001) <> 1.58 (1.14, 2.18) 100.00
Z test (Z =2.75, P = 0.006) :
:
Random offects analyst :
T k T
0.166 1 6.02
Included study GC+CC versus GG OR (95%Cl)  Weight%
Chi XY (2012) —_—— 0.86 (0.52, 1.42) 7.77
.
:
Miyake Y (2012) —1— 1.20 (0.77, 1.86) 8.73
:
Li HB (2012) | —— 2.84 (1.70, 4.76) 4.00
L
Qu S (2011) P ——— 2.70 (2.03, 3.59) 13.53
.
Awasthi S (2011) —_— 0.72 (0.46, 1.13) 10.71
Su D (2008) —t——  5.30(3.17, 8.87) 2.95
:
Lee JH (2004) —-r—- 1.05 (0.70, 1.56) 11.07
:
Howard TD (2003) —— 1.01(0.82, 1.25) 4123
:
Heterogeneity test (I = 90.9%, P < 0.001) @ 1.42 (1.25, 1.60) 100.00
Ztest (Z =5.56, P < 0.001) i
:
Rand effects lysi: E
] - |
0.113 1 8.87

Figure 3. Forest plots for the association between the ADAM33 V4 polymorphism and asthma risk under the allele
and dominant models.
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Figure 4. Subgroup analysis by source of controls and genotyping method for the association between the ADAM33
V4 polymorphism and asthma risk under the allele and dominant models.
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Figure 5. Sensitivity analysis of the summary odds ratio coefficients for the association between the ADAM33 V4
polymorphism and asthma risk under the allele and dominant models. Results were computed by omitting each
study in turn. Meta-analysis random-effect estimates (exponential form) were used. The 2 ends of the dotted lines
represent the 95%CI.
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Table 3. Univariate and multivariate meta-regression analyses of potential sources of heterogeneity

Heterogeneity factors Coefficient SE V4 P 95%CI
LL UL

Year

Univariate 0.025 0.075 0.33 0.743 -0.122 0.171

Multivariate -0.192 0.074 -2.61 0.009 -0.337 -0.048
Country

Univariate -0.813 0.412 -1.97 0.048 -1.620 -0.005

Multivariate -0.526 0.345 -1.53 0.127 -1.202 0.149
Source of control

Univariate 0.142 0.616 0.23 0.818 -1.065 1.349

Multivariate 0.013 0.347 0.04 0.970 -0.666 0.693
Genotyping method

Univariate -0.258 0.140 -1.84 0.065 -0.532 0.016

Multivariate -0.534 0.182 -2.94 0.003 -0.890 -0.177

SE = standard error; 95%CI = 95% confidence interval; LL = lower limit; UL = upper limit

C allele versus G allele
Funnel plot with pseudo 95% confidence limits
(Egger’s test: t =-0.59, P = 0.571)

Log[OR]

. ot °

0.3

o

SE Log[OR]

GC+CC versus GG
Funnel plot with pseudo 95% confidence limits
(Egger’s test: t =-1.39, P = 0.198)

n

Log[OR]

@

-1

T
0.6

o

SE Log[OR]
Figure 6. Funnel plot of publication biases for the association between the ADAM33 V4 polymorphism and asthma
risk under the allele and dominant models. Each point represents a separate study for the indicated association. Log
[OR], natural logarithm of OR. Horizontal line, magnitude of the effect.
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DISCUSSION

ADAM33, widely recognized as a type I transmembrane protein, is a member of the
multifunctional a disintegrin and metalloproteinase ADAM family (Tripathi et al., 2011; Shar-
ma et al., 2011). ADAM33 performs important functions during cell signaling, cell adhesion,
cell fusion, and proteolysis, as well as in the activation of growth factors and Th2 cytokines
(Reiss and Saftig, 2009). Many studies have shown that ADAM33 is expressed in asthmatic
sub-epithelial fibroblasts and smooth muscle, but not in the respiratory epithelium under dif-
ferent circumstances and depending on nucleotide sequence (Holgate et al., 2006; Jie et al.,
2009). Genetic variations in the ADAM33 gene may result in abnormal changes in fibroblasts
and bronchial smooth muscle cell functions, thereby inducing airway remodeling and airway
hyper-responsiveness that is correlated with the development of airway inflammation (Jie et
al., 2009; Lambrecht and Hammad, 2012). Therefore, ADAM33 genetic polymorphisms have
been proposed to be involved in asthma pathogenesis and progression.

In the present meta-analysis, we evaluated the relationship between the ADAM33 V4
polymorphism and asthma risk. Based on our literature search, 8 independent case-control
studies were included, for a total of 2128 asthma patients and 3134 healthy controls. Our
meta-analysis results indicate that the ADAM33 V4 polymorphism is associated with an in-
creased risk of asthma, suggesting that the V4 polymorphism may be a causative factor for the
incidence of asthma. Although the exact function of ADAM33 in the development of asthma
is not fully understood, a potential explanation is that ADAM33 is an important chemokine in
the pathogenesis of asthma and gene mutations, and thus the expression level of ADAM33 is
significantly correlated with susceptibility to asthma (Awasthi et al., 2011; Liang et al., 2013).
Because heterogeneity can be clearly observed, we performed stratified analyses based on
the studies’ source of controls and genotyping method. Our subgroup analysis by source of
controls revealed significant correlations between the ADAM33 V4 polymorphism and asthma
risk in both population-based and hospital-based groups, indicating no significant differences
in population selectivity. Further subgroup analyses also showed that the ADAM33 V4 poly-
morphism was correlated with an increased risk of asthma in the PCR-RFLP subgroup but
not in the non-PCR-RFLP subgroup. These results indicate that genotyping method is a po-
tential source of heterogeneity. In summary, our findings were consistent with those of previ-
ous studies demonstrating that the ADAM33 V4 polymorphism may be strongly linked to the
development and progression of asthma. Thus, our results also confirm that the ADAM33 V4
polymorphism can be utilized as a biomarker for early diagnosis of asthma.

There were some limitations to this meta-analysis. First, our data may not have suf-
ficient statistical power to estimate the correlation between the ADAM33 V4 polymorphism
and asthma risk because of its relatively small sample size. Second, because meta-analysis
is a retrospective method that may lead to subject selection bias, the reliability of our results
may have been influenced. Third, our meta-analysis failed to obtain original data from the
included studies, which may have limited the further evaluation of the potential roles of the
ADAM33 genetic polymorphisms in asthma development. Notably, the inclusion criteria of
cases and controls were not well-defined in all the included studies, and thus it is possible that
our results were influenced by such irregularities. In conclusion, our meta-analysis revealed
that the ADAM33 V4 polymorphism may contribute to asthma risk. Thus, the ADAM33 V4
polymorphism may be utilized as a biomarker for early diagnosis of asthma. However, further
detailed studies are required to confirm our findings.
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