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Abstract: Objective: Discovered through positional cloning, a disintegrin and metalloproteinase domain-containing 
protein 33 (ADAM33) represents a novel gene that may increase asthma risk in different ethnic groups. This study 
was conducted to determine whether the single nucleotide polymorphisms (SNPs) in ADAM33 are associated with 
asthma risk in the large population of ethnic minorities in Guangxi Zhuang, China. Methods: A total of 226 subjects 
were involved in the study, including 119 normal controls and 107 asthmatic patients. Polymerase chain reaction-
restriction fragment length polymorphism was used to genotype ADAM33 polymorphisms S2 and T2. Chi-square 
test and logistic regression model were used to analyze the data using SPSS version 16.0 and SHEsis. Results: The 
allele and genotype frequencies of S2 SNP statistically varied between the asthmatic cases and controls. S2 SNP 
was determined to be statistically associated with asthma in allele comparison (OR: 0.423, 95% CI: 0.273-0.654, 
P<0.001), heterozygote genotype comparison (OR: 0.527, 95% CI: 0.302-0.920, P=0.024), and dominant model 
comparison (OR: 0.421, 95% CI: 0.244-0.724, P=0.002). The CA and GG haplotypes of S2 and T2 in the control 
groups were higher than those in the asthmatic cases with statistical significance, whereas the haplotype CG was 
significantly higher in the latter group. Conclusion: S2 (C>G) polymorphisms may reduce the risks of asthma among 
the large population of Guangxi Zhuang.
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Introduction

Asthma is a complex and common respiratory 
disease characterized by airway inflammation, 
bronchial hyperresponsiveness, and airflow 
obstruction. Long-term repeated episodes of 
this chronic inflammatory disease may lead to 
airway remodeling and eventually cause irre-
versible airflow limitation in the respiratory sys-
tem. Over 300 million people worldwide suffer 
from asthma, which continuously prevails, 
especially in developing countries [1]. The exact 
mechanism of this respiratory condition is yet 
to be clearly understood though epidemiologi-
cal studies have specified that many factors, 
including environmental, immunological, and 
multiple genetic factors, influence its develop-
ment. A recently proposed perspective asserts 
that asthma has significant genetic compo-
nents, with heritability estimates varying 
between 35% and 95% [2]. Many studies have 

investigated the gene variants that contribute 
to asthma pathogenesis. ADAM33, a disinteg-
rin and metalloproteinase domain-containing 
protein 33 has been extensively studied in this 
context.

Through a genome-wide scan on 460 Caucasian 
affected sib-pair families in 2002, ADAM33 
located on chromosome 20p13 was deter-
mined linked to asthma and bronchial hyperre-
sponsiveness [3]. ADAM33, which encodes a 
pass integral membrane glycoprotein, is a 
member of the multifunctional ADAM family, a 
subfamily of transmembrane metalloproteinas-
es that includes both a disintegrin and metallo-
proteinase domain [3]. Based on the character 
of these domains, ADAM33 is assumed to play 
a major role in cell-cell and cell-matrix interac-
tions, cell fusion, cell adhesion, and cell signal-
ing. The expression of ADAM33 in the airway is 
largely restricted to mesenchymal cells, includ-
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ing fibroblasts and smooth muscle cells. 
Several studies have posited that the levels of 
ADAM33 mRNA and protein expression in bron-
choalveolar lavage fluid or bronchial biopsies 
are higher in asthmatic patients than in healthy 
controls [4, 5]. This finding is the basis for the 
assumption that ADAM33 plays an important 
role in airway remodeling and in the develop-
ment and progression of asthma.

ADAM33 is a highly polymorphic locus that con-
tains over 70 single nucleotide polymorphisms 
(SNPs) [3, 6]. Recent studies report that several 
SNPs and/or haplotypes of ADAM33 are signifi-
cantly associated with asthma in various ethnic 
populations, including Caucasian, Asian, and 
Chinese [7-9]. Both genetic and environmental 
factors influence the pathogenesis of asthma; 
hence, the susceptibility genes of this respira-
tory condition may vary in different ethnic popu-
lations. For instance, Jie Z et al. [9] and Qu S et 
al. [10] identified that among Chinese, the T1 
variant in ADAM33 is significantly associated 
with asthma. By contrast, Bijanzadeh M et al. 
[11] found no significance for the ADAM33 T1 
polymorphism between asthmatic patients and 
controls in an Indian population. Most studies 
that look into the association of genetic poly-
morphisms with asthma in the Chinese context 
are focused on the Han population. Corres- 
pondingly, no study has investigated the asso-
ciations of SNPs S2 (rs528557, C>G) and T2 
(rs2280090, G>A) with asthma in the Zhuang 
population of Guangxi, China. With a population 
of approximately 15, 200, 000, this ethnic 
minority resides in south China. The Zhuang 
people rarely intermarry with other ethnic 
groups, and their lifestyle is consistent. These 
conditions are the reason why such ethnic 
group is a significant population for study. In 
this case-control study, we aim to examine the 
association of the polymorphisms and haplo-
typic of ADAM33 S2 and T2 with asthma in the 
Zhuang population of China.

Materials and methods

Subjects

A total of 107 asthmatic patients and 119 
healthy controls were included in the study. The 
diagnosis of asthma was achieved in accor-
dance with the guidelines of the Global Initiative 
for Asthma (2008). The controls have no history 
of asthma, rhinitis, or other allergic or lung dis-
eases. Both groups were recruited for the study 
between February 2010 and April 2013 in the 
Department of the First Affiliated Hospital of 
Guangxi Medical University, Guangxi, China. All 
study subjects were unrelated members of the 
Chinese Zhuang population, and permanently 
resided in Guangxi (three generations or more). 
Each respondent submitted a written informed 
consent to participate in the research. The 
work was approval by the Ethics Committee of 
the First Affiliated Hospital, Guangxi Medical 
University (Approval Number: 2016 KY-E-027).

DNA extraction and genotyping

Genome extraction was accomplished using a 
DNA extraction kit following the manufacturer’s 
instructions (Tiangen, Shanghai, China) with 2 
ml of peripheral blood. The presence of two 
susceptibility SNPs for asthma (i.e., S2 and T2) 
was analyzed. The primers were obtained from 
Sangon Biological Engineering Technology and 
Services Co., Ltd. (Shanghai, China).

Polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RLFP) was per-
formed to genotype the SNPs. The 25 μL of PCR 
reaction consisted of 2 μL of genomic DNA, 
12.5 μL of 2×Master Mix (Fermentas, Canada), 
8.5 μL of ddH2O, and 1 μL of each primer. The 
PCR products were digested overnight with 
restriction enzymes (Fermentas, Canada) 
according to the manufacturer’s protocol and 
then analyzed with 2% of agarose gel electro-

Table 1. The primers, restriction enzymes and length of digested fragments of the two SNPs for PCR-
RLFP genotyping

Polymorphisms Location Alleles Primers for PCR Annealing 
temp. °C

Restriction 
enzyme

Digested frag-
ments (bp)

S2 rs528557 Exon 19 C>G Forward: 5-GGGGAACCGCAGGAGTA-3 62 BanI 324/135
Reverse: 5-TGAGAGCCCGAGGAGTG-3

T2 rs2280090 Exon 20 G>A Forward: 5-TTCTCAGGGTCTGGGAGAAA-3 55 HpyCH4III 200/110
Reverse: 5-GCCAACCTCCTGGACTCTTA-3
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phoresis. All genotype results were confirmed 
in 5% of the samples randomly selected for 
sequencing. Table 1 shows the primers, anneal-
ing temperature, restriction enzymes, and 
length of the digested fragments of each SNP 
in ADAM33 for PCR-RLFP genotyping.

Statistical analyses

The Hardy-Weinberg equilibrium (HWE) of the 
control group was determined through chi-
square (χ2) test, which was also conducted to 
calculate the differences in genotypic distribu-
tion between the cases and controls. The risk 
between the genetic polymorphisms and asth-
ma was calculated by logistic regression analy-
sis. Each SNP was analyzed through a variant 
allele comparison (A vs. a), homozygote geno-
type comparison (AA vs. aa), heterozygote gen-
otype comparison (Aa vs. aa), dominant model 
comparison (AA+Aa vs. aa), and recessive 
model comparison (AA vs. Aa+ aa). The odds 
ratios (ORs) and 95% confidence intervals (95% 
CI) were calculated. P value less than 0.05 
(two-tailed) was considered as a difference of 
statistical significance. The statistical analyses 
were performed using SPSS 16.0, and the 
whole analysis was age and sex-adjusted. The 

genotypic distributions of the SNPs. The chi-
square test indicated that the distributions of 
the allele and genotype frequencies of S2 SNP 
statistically varied between the case and con-
trol groups. Table 3 demonstrates the contribu-
tions of the genetic polymorphisms to the risk 
of asthma calculated by logistic regression 
analysis through variant allele comparison, 
homozygote genotype comparison, heterozy-
gote genotype comparison, dominant model 
comparison, and recessive model comparison. 
For S2, significant associations were observed 
using the allele comparison (OR: 0.423, 95% CI: 
0.273-0.654, P<0.001), heterozygote geno-
type comparison (OR: 0.527, 95% CI: 0.302-
0.920, P: 0.024), and dominant model compari-
son (OR: 0.421, 95% CI: 0.244-0.724, P: 0.002). 
The statistical analysis showed no significant 
difference for the SNP T2 in any of the compari-
sons between the asthmatic patients and 
controls.

Haplotype and LD analysis in ADAM33

The SNPs were used to construct haplotypes. 
In particular, four haplotypes (frequency>0.02) 
were generated using SHEsis, and their fre-
quencies are listed in Table 4. The frequency of 

Table 2. The genotype and allele frequencies of the two SNPs 
SNP Genotype Case (n=107) Control (n=119) χ2 value P value
S2 CC 66 (61.7%) 48 (40.3%) 18.87 0

CG 41 (38.3%) 57 (47.9%)
GG 0 (0%) 14 (11.8.4%)

T2 AA 0 (0%) 3 (2.5%) 2.89 0.259 
AG 24 (22.4%) 31 (26.1%)
GG 83 (77.6%) 85 (71.4%)

Table 3. The contribution of ADAM33 gene polymorphisms to 
the risk of asthma in different comparisons
Polymorphisms Comparisons OR 95% CI P value
S2 rs528557 G/C 0.423 0.273-0.654 <0.001

GG/CC - - 0.998
GC/CC 0.527 0.302-0.920 0.024

GG+GC/CC 0.421 0.244-0.724 0.002
GG/GC+CC - - 0.998

T2 rs2280090 A/G 0.711 0.408-1.240 0.229
AA/GG - - 0.999
AG/GG 0.806 0.434-1.497 0.495

AA+AG/GG 0.744 0.404-1.372 0.344
AA/AG+GG - - 0.999

haplotype frequencies and linkage 
disequilibrium (LD) were calculated 
using SHEsis, an online program 
(http://analysis.bio-x.cn/myAnalys- 
is.php). The inspection level was α: 
0.05.

Results

Characteristics of study subjects

A total of 226 subjects were 
involved in the study, including 107 
asthmatic patients (mean age 
37.69 ± 12.23 years, 44 males and 
63 females) and 119 controls 
(mean age 34.67 ± 11.46 years, 49 
males and 70 females). No signifi-
cant differences were observed in 
the distribution of age and gender 
in this case-control study (P>0.05).

Genotype and allele frequencies of 
SNPs S2 and T2

The distributions of the two SNPs 
were both in HWE (P>0.05) in the 
control group. Table 2 shows the 
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haplotype CG was significantly higher in the 
asthma group than that in the controls, but 
those of haplotypes CA and GG were low in the 
asthma group. No significant difference was 
noted between the two groups for the GA haplo-
type. The LD analysis showed a weak LD 
between the polymorphisms (D’: 0.690, r2: 
0.192).

Discussion

Asthma, which is characterized by chronic air-
way inflammation that leads to bronchial hyper-
responsiveness and reversible airway obstruc-
tion, is among the most prevalent chronic dis-
eases worldwide. A recent study shows that the 
absolute number of prevalent asthmatic cases 
will continuously rise, and such respiratory con-
dition will remain as a major burden among 
individuals and the health care system [12]. 
Environmental and genetic factors are both 
involved in the etiology of asthma. As such, the 
genetic risk factors related to this respiratory 
disease should be identified to help diagnose 
its subtypes and implement additional satisfac-
tory therapeutic choices. The genetic studies of 
asthma in the Zhuang population of China have 
only been initiated recently, and limited infor-
mation is available. To our knowledge, this 
study is the first to report about the relationship 
between ADAM33 polymorphisms and asthma 
in the Guangxi Zhuang population.

In this study, we analyzed two polymorphisms 
(i.e., S2 and T2) of ADAM33 to investigate their 
association with asthma. The ADAM33 S2 and 
3 SNP haplotypes were determined associated 
with asthma in the Guangxi Zhuang population 
of China. A statistical association was observed 
for the S2 SNP by variant allele comparison, 
heterozygote genotype comparison, and domi-
nant model comparison. A single copy of the 
mutant G allele (S2) may decrease the risk of 
asthma or act as a resistance allele for asthma 
in the studied population. Contrarily, T2 SNP 

in the current study population. The haplotype 
CG was significantly higher in the asthma 
patients than in controls, implying that it may 
increase the risk of asthma in the population. A 
peculiar distribution of haplotypes may carry 
important information about the unknown 
causal variants that may be peculiar to a region. 
All these findings can improve one’s under-
standing of the underlying mechanisms of asth-
ma and may help provide further diagnostic 
and prognostic information for asthmatic 
patients. In addition, these results can point to 
a new strategy in genetic therapy for adult asth-
matic patients.

Previous studies have shown that the associa-
tion between ADAM33 polymorphisms and 
asthma varies in people of different ethnic ori-
gins. For the S2 SNP, a significant association 
was observed in the African American popula-
tion in Europe, Pakistani and Jordanian [7, 13, 
14], whereas no significant difference was 
observed between the asthmatic patients and 
controls in Czech Republic [15]. Tripathi P deter-
mined that the CC and CG genotypes as well as 
the C allele frequency of the S2 SNP located in 
ADAM33 are significantly associated with the 
increased risk of asthma [16] in an Indian popu-
lation. This finding is consistent with ours. 
However, Hirota T discovered that in the 
Japanese context, the GG genotype and G 
allele frequencies of S2 SNP are significantly 
associated with the increased risk of asthma 
[17]. In the Han Chinese population, Chi X and 
Fan JG found that the G allele of S2 SNP is more 
common in the asthma patients than in con-
trols [18, 19]. This observation suggests that 
an increased risk of asthma is associated with 
a G allele in the Shandong Han population of 
China. By contrast, Jie Z proved that the S2 SNP 
of ADAM33 is unassociated with asthma in the 
Shanghai Han population of China [9]. For T2 
SNP, significant associations have been noted 
in the East China Han population [9], Northeast 
China Han population [20], the Japanese popu-

Table 4. ADAM33 haplotype profiles in the study population

Haplotype
Haplotype frequency

P value OR (95% CI)
Case (freq) Control (freq)

Hap1 C A* 2.25 (0.011) 11.83 (0.050) 0.017 0.204 0.048-0.857
Hap2 C G* 170.75 (0.798) 141.17 (0.593) <0.001 2.707 1.775-4.129
Hap3 G A* 21.75 (0.102) 25.17 (0.106) 0.885 0.956 0.522-1.753
Hap4 G G* 19.25 (0.090) 59.83 (0.251) <0.001 0.294 0.170-0.512

was determined unrelat- 
ed to asthma similar to 
rs2280090, G>A mutation. 
The CA and GG haplotypes 
of S2 and T2 were slightly 
lower in the asthmatic 
group than in the controls. 
This finding indicates that 
haplotypes CA and GG may 
decrease the asthma risk 
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lation [17], and so on. All these results imply 
that A allele mutation can increase asthma 
risk. However, several previous studies showed 
that T2 SNP is not associated with asthma in 
the populations of northern Chinese [10], 
Shandong Han Chinese [18], Chinese Uyghur 
[21], Iranian [22], Pakistani [14] or German 
[23].

The differences in observations may be 
explained by various conditions. First, a single 
study may have a small sample size, which may 
have resulted in low statistical power. Second, 
gene-environment interactions may vary in dif-
ferent ethnicities. In other words, different 
genetic backgrounds and different environ-
mental exposures may affect the individuals’ 
sensitivity to asthma. Even in the same ethnic 
Han population, considerable diversity in 
genetic background as well as social and cul-
tural habits can be observed between sub-
groups. Therefore, the relationship between 
gene polymorphism and a certain disease in 
different ethnic populations should be ana-
lyzed with a large sample size.

Asthma involves the interaction of genetic and 
environmental components that contribute to 
its progression. Recent years have seen rapid 
progress in mapping novel asthma loci through 
genome-wide association studies such as 
17q21 harboring ORMDL3 [24]. However, previ-
ously identified asthma susceptibility genes, 
such as ADAM33, were found by positional 
cloning [3]. ADAM33 was determined associat-
ed with airway remodeling, bronchial hyperre-
sponsiveness, and asthma in several diverse 
populations [3]. In a cohort study on Dutch 
asthmatic patients followed for 20 years, 
ADAM33 SNPs were considered associated 
with the accelerated exacerbation of asthma 
[25]. Both S2 and T2 SNPs are located in the 
exons of ADAM33; hence, the amino acids 
change with alterations in the bases, eventual-
ly changing the protein translation. In addition, 
S2 and T2 are located in the cytoplasmic 
domain of ADAM33 in which the changes in the 
alleles of S2 and T2 SNPs can potentially alter 
intracellular signaling, and thereby causing 
increased fibroblast and smooth muscle prolif-
eration that can lead to airway remodeling.

Our research findings generally indicated that 
S2 (C→G) polymorphisms may reduce the risks 
of asthma in the Guangxi Zhuang population. 

These observations may help detect individuals 
with high risk of asthma and correspondingly 
provide timely treatments. Considering that the 
limited sample size in our study may produce 
relative risk estimates with inadequate preci-
sion, our findings should be verified by future 
research with an improved large-scale design 
in different ethnic populations.
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