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ABSTRACT

Asthma is a multifactorial disorder, primarily resulting from interactions between genetic and environmental factors.
ADAM33 gene (located on chromosome 20p13) has been reported to play an important role in asthma. This review article is
intended to include all of the publications, to date, which have assessed the association of ADAM33 gene polymorphisms as well
as have shown the role of ADAM33 gene in airway remodeling and their expression with asthma. A PubMed search was
performed for studies published between 1990 and 2010. The terms “ADAM33,” “ADAM33 gene and asthma,” and
“ADAM33 gene polymorphisms” were used as search criteria. Based on available literature we can only speculate its role in
the morphogenesis and functions of the lung. Fourteen studies conducted in different populations were found showing an
association of ADAM33 gene polymorphisms with asthma. However, none of the single nucleotide polymorphisms (SNPs) of
ADAM33 gene had found association with asthma across all ethnic groups. Because higher expression of ADAM33 is found
in the fibroblast and smooth muscle cells of the lung, over- or underexpression of ADAM33 gene may result in alterations in
airway remodeling and repair processes. However, no SNP of ADAM33 gene showed significant associations with asthma
across all ethnic groups; the causative polymorphism, if any, still has to be identified.

(Allergy Rhinol 2:e63–e70, 2011; doi: 10.2500/ar.2011.2.0018)

Asthma is a complex, chronic inflammatory disor-
der of airways of the lungs resulting in airflow

obstruction; bronchial hyperresponsiveness (BHR) to a
variety of stimuli; and symptoms of wheeze, cough,
and breathlessness. It is a major global public health
problem. It is estimated that there are about 300 million
asthmatic patients worldwide.1 Chronic asthma is a
result of abnormal repair and remodeling processes of
the airways, characterized by epithelial damage,
smooth muscle hyperplasia, and matrix depositions.2 It
has been postulated that the aforementioned processes
are a result of complex interactions between genes and
the environment, often beginning in utero and early
infancy.3–5 The exact role of ADAM33 in causing
asthma is unclear.6Various studies have reported a
cluster of single nucleotide polymorphisms (SNPs) in
the ADAM33 gene that have significant association
with asthma and related phenotypes.7,8 Selective ex-
pression of the ADAM33 gene in mesenchymal cells
suggests its potential to affect the epithelial mesenchy-
mal tropic unit (EMTU) along with TH2 cytokines.5,9

PATHOGENESIS OF ASTHMA: GENE AND
ENVIRONMENT INTERACTION

Increasing prevalence of asthma is thought to be
linked with genetic changes and gene–environment
interactions.4 The activation of tissue-specific suscepti-
bility genes provides a basis for explaining environ-
mental factors that may be more closely associated
with asthma.10 Possible exposure to environmental fac-
tors such as pollutants, microbes, allergens, and oxi-
dant stimuli reactivates the EMTU, which is involved
in morphogenesis during fetal lung development
(Fig. 1).9,11 It has been shown that epithelium of pa-
tients with asthma is structurally and functionally ab-
normal and more susceptible to oxidant-induced apop-
tosis.12 Apoptotic cell loss is accompanied by increased
expression of epidermal growth factor (EGF) receptors
and transforming growth factors (TGF) �1 and �2.13

These growth factors play an important role in promot-
ing differentiation of fibroblasts into myofibroblasts
that secrete other growth factors such as edothelin1,
which act as mitogens for smooth muscles and endo-
thelial cells.13,14 Continuous epithelial repair results in
abnormal functioning of growth factor pathways and
disrupts cell cycle. The altered epithelium communi-
cates with the underlying mesenchyme to create a
tropic unit that propagates and induces remodeling
signals in deeper layers of submucosa.5,14

GENETIC BASIS OF ASTHMA
Although �120 genes have been identified to be

associated with asthma, no clear pattern of inheritance
is known. Heritability estimates of asthma lie between
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36 and 79%.15–17 Recently, positional cloning and can-
didate genes approach have been widely used to iden-
tify genes for asthma and associated phenotypes.17,18A
large number of asthma candidate genes have been
found on chromosomal regions 2q33, 5q23-31, 6p24-21,
11q 21-13, 12q24-12, and 13q14-12.19 It has been estab-
lished that inflammation of airways leads to its remod-
eling and is presumedly related to asthma and associ-
ated phenotypes.9 Since the 1990s, various genes
associated with inflammation have also been identified
using new molecular techniques.15 Several genome-
wide screens have identified linkage of certain chro-
mosomal regions with both asthma and inflammation
such as 5q23-31, 5p15, 6p21.3-23, 11p15, 12q14-24.2, 13q21.3,
14q11.2-13, 17p11.1-q11.2, 19q13, and 21q21.15,20–22 Among
them, 5q23-31, 5p15, and 12q14-24.2 are constantly repli-
cated, which contain genes such as IL-3, IL-4, IL-5, IL-9,
IL-12b, IL-13, interferon (IFN) �, iNOS, and Fc�RI�.21,23

Most of these genes influence cytokine regulation and
activity of eosinophils, mast cells, and neutro-
phils.21,23,24

Linkage analysis and genomewide screening of 260
families in the United Kingdom and United States led
to a region on chromosome 20p13 containing a puta-
tive asthma susceptibility gene, ADAM33.20,25 It is pos-
tulated that ADAM33 is one of many genes that
influence the onset and progression of asthma. Identi-
fication of ADAM33 gene changed the belief that air-
way remodeling was solely the result of persistent
inflammation and established that it is influenced by
other genetic factors also. Its potential in shaping mul-
tiple phenotypes such as early life lung functions

and chronic obstructive pulmonary disorder makes
ADAM33 an important asthma susceptibility gene.26

Genetic origin of BHR has also been linked with
ADAM33. Likewise, another gene, dipeptidyl pepti-
dase 10 (DPP10), was found associated with BHR and
IgE.25,27,28 Expression of various genes, such as G-pro-
tein coupled receptor for asthma (GPRA) and serine
protease inhibitors of the Kazal type (SPINK5), have
also been found to have a role in airway remodeling
and asthma.29

ABOUT ADAM33
ADAM molecules are members of the disintegrin

and metalloprotease family, which are type I trans-
membrane zymogen glycoproteins that typically con-
tain an N-terminal secretion signal domain, pro, catalytic,
disintegrin, cysteine-rich, EGF-like transmembrane part,
and a cytoplasmic (C-terminal) domain (Fig. 2, c).30,31 Its
complex organization involves eight domains that
facilitate their participation in many cellular pro-
cesses.31,32 Their adhesion domain as well as pro-
tease domain makes it exclusive among cell surface
proteins. The autocatalytic removal of the prodo-
main is activation signal for ADAM proteins.33 It is
presumed that ADAM proteins have a critical role in
cell adhesion, proliferation differentiation, signaling,
and apoptosis, as well as the inflammatory re-
sponses.34,35 Because ADAM33 belongs to the
ADAM12, ADAM15, ADAM19, and ADAM28 sub-
family, it is expected to have similar activities.36

From a wide range of substrates for ADAM33 only

Figure 1. Role of the gene–environ-
ment interaction and ADAM33 in
development of asthma.
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four, viz., stem cell factor (C- kit), �-amyloid precur-
sor protein, TNF-related activation–induced cyto-
kine, and insulin �, were cleaved. However, it is not
certain if any of these are natural substrates.37 To
date, no natural substrate has been identified for
ADAM33.

A crystallization study of catalytic domain of
ADAM33 revealed that the catalytic site shares the
feature of other matrix metalloproteinases having a
Zn2� binding site but differs in structure of substrate
pocket.38 It has been speculated that ADAM33 may
have cytokine stimulating effects, given that other
ADAM proteins (ADAM10 and ADAM17) also appear
to interact with inflammatory cytokines.13 Cysteine-
rich and EGF domains of ADAM33 have been identi-
fied to have a role in cell adhesion and membrane
fusion events (Fig. 2 d).39 These properties of ADAM33
suggest that it might play a role in progression of
asthma.40,41

Objective
This article is intended to include all of the publica-

tions to date, which have assessed the association of
ADAM33 gene polymorphisms as well as have shown
a role of ADAM33 gene in airway remodeling and their
expression with asthma.

METHODS

Identification and Selection of Studies
N. Sharma and P. Tripathi contributed equally to this

study. A comprehensive literature search was con-
ducted to collect data from all of the studies that in-
vestigated the association of genes with asthma in
worldwide populations. All of the studies that were
published between 1990 and 2010 were included. We
did extensive computer-based searches of PubMed to
identify the studies evaluating the role of the ADAM33
gene in relation to asthma. The terms “ADAM33,”
“ADAM33 gene and asthma,” and “ADAM33 gene
polymorphisms” were used as search criteria. The
search results were limited to humans.

RESULTS

Role of ADAM33 Gene in Asthma

Role of ADAM33 Gene in Airway Remodeling. Remod-
eling of airways has been assumed to result from un-
controlled inflammatory/repair processes, which may
occur early in development, either as an effect of a
maternally dictated (in utero) environment or of genetic
inheritance or a combination of both.27,42 Family-based
studies of asthma have shown that there is a genetic
predisposition to atopy, which alters susceptibility to

Figure 2. (a) ADAM33 and other
flanking regions; (b) exon–intron
structure of ADAM33 gene; (c) dif-
ferent domains of ADAM33 protein;
(d) probable function of different
domains.

Figure 3. Reported single nucleotide
polymorphisms in the ADAM33 gene.
Exons (black rods) and introns of the
ADAM33 gene are shown. The associa-
tion results of a case–control study in
different populations shown in Table 1.
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asthma as well as other allergic disorders. Genetic ef-
fects also regulate susceptibility of the lungs to both
allergic and other environmentally induced inflamma-
tion. Traditionally, it has been assumed that inflamma-
tion resulting in airway remodeling is the cause of
asthma. However, inflammation alone does not ex-
plain many of the characteristic features of the chronic
and relapsing nature of asthma.5 Selective expression
of ADAM33 in mesenchymal cells of asthmatic airways
strongly suggests that alteration in its activity may
result in abnormalities in the function of airway
smooth muscle cells and fibroblasts linked to BHR and
remodeling in asthma.

ADAM33 acts as a cell surface sheddase to release
growth factors and modify cell surface receptor expres-
sion. It might be linked to the action of TGF- �. TGF-�
increases ADAM33 expression as a part of differentia-
tion trajectory of common fibroblastic progenitor of
components of EMTU to myofibroblasts.5,14,43,44 Stud-
ies have shown ADAM33 expression in lungs during
embryogenesis.45,46 Therefore, it might be possible that
ADAM33 functions in lung growth and that alteration
in this gene may alter the lung morphogenesis or sub-
sequent susceptibility of the lung to asthma.

Association of ADAM33 Gene with Asthma

ADAM33 and Their Expression. Northern blot analysis
showed two transcripts (5.0 and 3.5 kb) of ADAM33, of
which only one was (3.5 kb) found in cytoplasm.15,25 In
situ hybridization technique revealed that ADAM33
preferentially expressed in smooth muscles, myofibro-
blasts, and fibroblasts of asthmatic airway and was not
found in epithelium, endothelium, and T cell or inflam-
matory leukocytes.46 High expression of ADAM33 is
found in MRC5 (lung fibroblast), jurkat (transformed T
cell), the stomach, and the small intestine. Moderate
expression of ADAM33 is observed in the trachea and
bronchus and low expression is shown in the lymph
node and thymus.5 The potential of alternative tran-
script of ADAM33 gene showed marked differences in
tissue expression profile of pro and protease domains,
which indicates the potential for tissue-selective func-
tions of ADAM33.9,45 However, the correlation of this
phenomenon with individual SNPs is still unknown.

ADAM33 protein has two isoforms, viz., � and �. The
�-form is found abundantly in airway fibroblasts, myo-
fibroblasts, and smooth muscles cells. Secreted splice
variants of ADAM33 are rarely found.17,45 Because of
complex differential splicing property of the ADAM33
gene, a high degree of variability in gene products has
been observed. The majority of variation is seen in the
5� end of the gene and the 3� domain is present in all
transcripts.48 A study conducted by Powel et al.49

showed no clear difference in the expression of
ADAM33 spliced variants in bronchial biopsy speci-T
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mens between normal subjects and subjects with
asthma. However, in another study, increased expres-
sion of ADAM33 has been reported in moderate and
severe asthma.50 Down-regulation of the ADAM33
gene by IFN-� has been observed in airway smooth
muscles cells.51 Studies suggest that mRNA expression
of ADAM33 in response to IFN-� may be regulated by
the promoter region. The difference between regula-
tion of ADAM33 gene by IFN-� in subjects with and
without asthma may be caused by the presence of
polymorphism in the upstream region of ADAM33.7,51

SNPs in ADAM33 as Indicator of Severe and Progressive
Asthma. Although the exact role of ADAM33 in the
pathogenesis of asthma is unclear, studies have shown
an association of ADAM33 and its related SNPs with
asthma (Fig. 3). Table 1 summarizes the results of
studies conducted in various populations. In the orig-
inal description of ADAM33 as an asthma candidate
gene, Van Eerdewegh et al.25 identified a locus on the
short arm of chromosome 20 and assessed 135 poly-
morphisms of 23 genes in this region and reported
ADAM33 gene to be significantly associated with
asthma association of ADAM33 SNPs with asthma as
reported in published studies, are summarized in Ta-
ble 1.

In another case–control study, Howard et al.8 as-
sessed association of eight SNPs of ADAM33 gene,
namely S1, S2, ST � 4, ST � 7, T1, T2, V-1, and V4, with
asthma in four unique ethnic groups with asthma viz:
U.S. white, Dutch white, black American, and His-
panic. Significant associations of SNPs were observed
in all four studied population, but no single SNP was
consistently associated with a specific asthma pheno-
type across all of the ethnicities. They observed signif-
icant associations with asthma in the Dutch population
with SNPs ST � 7 and V4 by using a codominant
model (p � 0.0093 and p � 0.0009, respectively). Asso-
ciations with asthma were also observed in black
Americans with SNP S2 (p � 0.03), U.S. white popula-
tions with SNPs ST � 7 (p � 0.017), T1 (p � 0.03), T2
(p � 0.02) and in U.S. Hispanic populations with SNPs
S2 (p � 0.04) and T2 (p � 0.04).

Lind et al.52 working on six SNPs, viz., S1, T1, T2, V-1,
V1, and V4, of the ADAM33 gene used the transmis-
sion disequilibrium test to analyze associations be-
tween the ADAM33 gene variants and asthma, asthma
severity, bronchodilator responsiveness, and total IgE
levels using single SNPs, two to six SNP combinations,
specific haplotypes but were unable to establish an
association of any SNPs either with asthma or other
outcomes. Raby et al.48 assessed 17 SNPs of ADAM33
gene, viz., G-1, Il, KL � 3, M � 1, N1, S2, S � 1, ST �
4, ST � 5, T1, T2, V-2, V-1, V3, and V4, but failed to
detect association in a family-based study of white,
black Americans, and Hispanic trios representative of

North American children with mild-to-moderate
asthma. However, two SNPs in strong linkage disequi-
librium (T1 and T � 1) were marginally associated
with asthma in the Hispanic cohort only (p � 0.04).
Wernar et al.53 analyzed 15 SNPs of the ADAM33 gene,
viz., F � 1, Il, M � 1, Q-1, S1, S2, S � 1, ST � 4, ST �
5, ST � 7, T1, T2, T � 1, V-1, and V4, and observed a
statistically significant association of asthma with
SNPs F � 1, ST � 4, and ST � 5 in a family-based
study. Significant association of SNP, ST � 7, was
found in the case–control study.

Blakey et al.6 conducted transmission disequilibrium
and case–control studies in Icelandic and Nottingham
study populations but did not find any association
with asthma; however, after performing meta-analysis,
all existing data showed either positive or negative
association results with asthma and showed that F �
1 and ST � 7 SNPs were significantly associated with
asthma.6 Schedel et al.54 analyzed 10 SNPs of ADAM33,
viz., F � 1, M � 1, S1, S2, ST � 4, ST � 5, ST � 7, T1,
T2, and V4, and found none to be significantly associ-
ated with asthma in both case–control and cohort
study designs in a German population.

A study conducted on a Chinese population by
Wang et al.55 did not find any association of SNPs, viz.,
S � 1, T1, and F � 1, with asthma. Another study on a
Chinese Han population analyzing six SNPs of the
ADAM33 gene, viz., V4, T � 1, T2, T1, S1, and Q-1, for
association with allergic asthma, found that V4, T2, T1,
and Q-1 increased risk of susceptibility.56 Kedda et al.40

did a study on an Australian population and were
unable to find association of SNPs of ADAM33, viz.,
F � 1, Q-1, S1, ST � 4, ST � 7, V-2, V-1, V2, V4, and V5,
with asthma.

Thongngarm et al.57 conducted a study in a Thai
population on eight SNPs of ADAM33, viz., S1, S2,
ST � 4, ST � 7, T1, V-1, and V4, and found a positive
association between ADAM33 polymorphisms S2 and
ST � 4 with asthma susceptibility. A study by Vergara
et al.58 using six SNPs of ADAM33, viz., S2, ST � 7, T1,
T2, V-1, and V4, in population of Cartagena, Colombia,
were unable to find association of any SNPs with
asthma. However, they found association of TT geno-
type of ST � 7(C/T) SNP with asthma (p � 0.05) that
disappeared after correcting for multiple testing. They
also identified eight common haplotypes; among them,
H4 (GCAGGG) was associated with asthma in the
family group (Z score, �2.049; p � 0.04).

A study by Bijanzadeh et al.59 in children as well as
adults, also failed to find an association between
asthma and the T1 SNP of ADAM33 gene in a southern
Indian population. However, another recent case–con-
trol study, conducted in Northern India to assess asso-
ciation of ADAM33 gene polymorphisms, viz., F � 1,
S2, ST � 4, ST � 5, and V4, with asthma in children
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aged 1–15 years, showed significant association of all
of them with the disease.60

Certain studies have shown that multiple SNPs may
act together to increase the risk of asthma; haplotype
analysis found a significant association which was not
found during individual SNPs analysis.40,47,58 How-
ever, it is still unclear which of the identified SNPs
relate causatively to asthma.

CONCLUSIONS
In the last 10 years �120 genes have been found

associated with asthma and related phenotypes. Gene–
gene as well gene–environment interactions are in-
volved in the pathogenesis of asthma. This causes air-
way inflammation and remodeling by the action of
cytokines, metalloprotease (ADAM33), and matrix
metalloproteinase 9.

Identification of ADAM33 as an asthma susceptibil-
ity gene marks the entry of asthma research into the
genomic area and provides new insight to the under-
standing of molecular basis of pathogenesis of asthma.
Based on the available literature the exact biological
activities of ADAM33 are still unknown. We can only
speculate its role in the morphogenesis and functions
of the lungs. Because higher expression of ADAM33 is
found in the fibroblast and smooth muscle cells of the
lung, over- or underexpression of the ADAM33 gene
may result in alterations in airway remodeling and
repair processes.

Probable associations of various polymorphisms of
the ADAM33 gene with asthma and related pheno-
types have been found in literature review. However,
no single SNP of the ADAM33 gene has been found
associated with asthma across all of the studies pub-
lished so far. Therefore, we conclude that the causative
polymorphisms of ADAM33 gene, if any, resulting in
asthma and its related phenotypes, either alone or as a
result of gene–gene or gene–environment interactions,
have not been identified and additional in-depth re-
search is needed in this area.
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