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Abstract

Objective: A disintegrin and metalloproteinase 33 (ADAM33) gene has been considered as an
asthma susceptibility gene due to its possible role in airway remodeling, abnormal cell
proliferation, and differentiation. Association of this gene with asthma has been reported in
several genetic studies on various populations. The current study aims to evaluate the
association of ADAM33 gene polymorphisms with the risk of asthma in the Punjabi population
of Pakistan. Method: A total of 101 asthma patients and 102 age-matched healthy controls from
Lahore, a city in Punjab, were recruited. ADAM33 single nucleotide polymorphisms (SNPs)
T+ 1[rs2280089], T2[rs2280090], T1[rs2280091], ST + 5[rs597980], ST + 4[rs44707], S2[rs528557],
Q — 1[rs612709], and F + 1[rs511898] were genotyped in both patients and controls using single
base extension and capillary electrophoresis-based genetic analyzer. The basic allelic and
genotypic model was analyzed for association of the SNPs with asthma using SHEsis software.
Haploview software was used to calculate pairwise linkage disequilibrium (LD) among six of the
genotyped SNPs. Results: Of the 8 SNPs genotyped, only S2[rs528557] showed significant
association with asthma (Allele p=0.0189, Genotype p=0.021). SNPs T+ 1[rs2280089],
T2[rs2280090], T1[rs2280091], ST+ 4[rs44707], S2[rs528557], and Q — 1[rs612709] were found
to be in moderate to strong LD. The significantly higher frequency of haplotype “AAGTCG” in
healthy controls suggests a protective effect against asthma risk in the studied population
(p=0.0059). Conclusion: These findings suggest that genetic variants of ADAM33 gene may
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play important roles in asthma susceptibility in the Punjabi population of Pakistan.

Introduction

Asthma is a common chronic respiratory disease in which
chronic inflammation results in reversible structural changes
in airway remodeling and leads to airflow obstruction and
bronchial hyper-responsiveness [1]. It is one of the major
chronic diseases; globally 1 out of every 250 deaths is due to
asthma complications [2]. More than 300 million people
suffer from asthma worldwide and it is estimated that this
figure will rise to 400 million by 2025 [2—4]. Although the
prevalence of asthma varies in different countries, due to its
increasing trend this disease has become a major health
concern globally [5]. The increasing prevalence of asthma
may be attributed to changes in lifestyle, indoor and outdoor
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environment, and climate [6]. In Pakistan, the prevalence of
asthma is 6% in school going children in south Punjab [7],
31.58% in Islamabad (Punjab), and 15.8% in Karachi (Sindh)
[4]. Over all asthma prevalence in Pakistani youngsters is
6-9% in mixed urban populations [8].

Various risk factors have been investigated to try to
understand the cause of asthma, but the exact cause remains
unknown [9]. Most studies support the hypothesis that both
environmental and genetic factors are important etiological
factors [10]. It has been reported that asthmatic effects caused
by environmental factors may be modulated by single
nucleotide polymorphisms (SNPs) or, conversely, that envir-
onmental factors may modulate genomic expression by
affecting epigenetic modifications, without altering the gen-
omic sequence, thereby altering the asthma phenotype [11].
Twin studies have predicted higher prevalence of asthma in
monozygotic as compared to dizygotic twins and have
suggested that genetics play a major role in the manifestation
of asthma. However, unlike other syndromes, a single gene
or set of genes associated with asthma cannot be easily
identified. Rather, small contributions of multiple genes,
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Figure 1. Schematic diagram of the ADAM33 gene on chromosome 20p13 modified from Tripathi et al. [20]. (A) ADAM33 gene location on
chromosome 20. (B) Selected SNP positions on ADAM33 gene. (C) ADAM33 exons with sizes in base pairs. (D) Domains of ADAM33 gene.

(E) Functional description of ADAM33 domains.

along with environmental factors, have been reported to be
involved in asthma susceptibility [12].

A disintegrin and metalloproteinase 33 (ADAM33) gene is
known to be involved in the development of asthma and
bronchial hyper-responsiveness. ADAM33 was first identified
through positional cloning. It is located on chromosome
20p13 and has 22 exons encoding a signal sequence, pro-
domain, proteinase catalytic domain, disintegrin domain,
cysteine-rich domain, epidermal growth factor-like domain,
transmembrane domain, cytoplasmic domain, and a long 3’
untranslated region (Figure 1). Gene expression studies have
revealed that the removal of ADAM33 function by means of
anti-sense oligonucleotides prevents pro-fibrogenic growth
factor (TGF-P)-induced differentiation of airway fibroblasts
into a contractile phenotype [myofibroblasts] in vitro [13—15].
In addition, environmental factors such as passive smoking
exposure may interact with ADAM33 in exerting its remodel-
ing function in lungs [16].

Various studies [17] have suggested that more than 100
variants in different target genes, including ADAM33, may be
involved in airway remodeling and hyper-responsiveness in
diverse populations [18]. Association of various ADAM33
SNPs with risk of asthma has been reported in several ethnic
populations, including Indian [19-22], Japanese [23-26],
Thai [27], Korean [28], Chinese [29-32], Saudi Arabian [18],
Caucasian [33], German [34,35], European [36], and
American [37]. The frequent observation of positive associ-
ation between ADAM33 SNPs and asthma suggests that
ADAM33 may be involved in asthma development through

genetic variants [24]. However, conflicting data on associ-
ation of different SNP variants of ADAM33 with asthma have
been reported in different groups of the same populations
[30,32,36,38,39]. This variable impact of genetic variants of
ADAM33 on risk of asthma in different populations has
motivated us to investigate the possible association of
ADAM33 SNPs with asthma in the Punjabi population of
Pakistan.

In this study, we genotyped the ADAM33 SNPs
T + 1[rs2280089], T2[rs2280090], T1[rs2280091], ST+
5[rs597980], ST +4[rs44707], S2[rs528557], Q-

1[rs612709], and F+ 1[rs511898] in asthma patients and
healthy controls, using single base extension (SBE) and
capillary electrophoresis-based genetic analyzer, to assess
their association with risk of asthma in a study population
from the Punjabi region of Pakistan.

Materials and methods
Study subjects

A total of 101 asthma patients, diagnosed and screened by
physicians, and 102 age-matched healthy controls [age range
4-60 and 6-55 years, respectively] were enrolled in this study
from the Asthma and Allergy Clinic, Gulab Devi Chest
Institute, Lahore, and The Children’s Hospital and The
Institute of Child Health, Lahore, after approval by the
Technical Evaluation Committee [review board] of the Centre
for Applied Molecular Biology, Lahore. Healthy subjects
without history of asthma, atopy, and any allergy or any skin
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disease were selected to serve as control subjects for the study
after screening at the asthma screening unit of The Children’s
Hospital, Lahore. Patients and controls with a history of
smoking or any other illness involving the lungs, e.g.
chronic bronchitis, emphysema, tuberculosis, pneumonia, or
any cardiac problem etc. were excluded from this study.
Demographic characteristics of the study participants are
shown in Table 1.

The study was approved by the Technical Evaluation
Committee [review board] of the Centre for Applied
Molecular Biology, University of the Punjab, Lahore.
Written informed consent was obtained from all subjects (or
guardians in case of minors/children) recruited in this study.

Selection of SNP markers

Eight ADAM33 SNPs, T+ 1[rs2280089], T2[rs2280090],
T1[rs2280091], ST + 5[rs597980], ST + 4[rs44707],
S2[rs528557], Q — 1[rs612709], and F+ 1[rs511898], were
selected for study because they have been reported to be
asthma susceptibility variants in various Asian populations
[19,31,36,38,39].

DNA extraction and genotyping

Two to four milliliters of peripheral blood samples were
collected from patients and controls according to the standard
operating procedure. Genomic DNA was extracted from
peripheral blood samples using a standard phenol, chloro-
form, and isoamyl alcohol protocol. Extracted DNA was
quantified on agarose gels and by spectrophotometry using a
SpectraMax384 (Molecular Devices, Sunnyvale, CA). The

Table 1. Demographic data of study participants.

ADAM33 gene associated with asthma in Pakistan 3

genomic regions containing the selected SNPs were amplified
in a multiplex (8plex) PCR. The primer sequences used for
multiplex PCR and the sizes of the PCR products are shown in
Table 2. PCR reactions were performed in a total volume of
10.0 uL containing 12.5ng DNA, 0.5uL of 4mM dNTPs
(Fermentas) , 0.6 pL of 25 mM MgCl, (Fermentas, Ontario,
Canada), 2.0 uLL of primer mix (Biobasic, Ontario, Canada)
(4-8 mM each), and 1puL of 10X PCR buffer (Fermentas)
with 1.0U of Taqg DNA Polymerase (Fermentas). Samples
were denatured at 95 °C for 5min followed by 30 cycles of
95°C for 45s, 58°C for 45s, 72°C for 90s, and a final
extension at 72 °C for 10 min.

PCR products were further processed for SNP genotyping
using ABI Prism SNaPshot SBE multiplex kit (Applied
Biosystems, Foster City, CA). This kit contains ddNTPs
labeled with four different fluorescent dyes (i.e. blue, green,
red, and yellow/black). A list of the primers used for
SNaPshot PCR is given in Table 3. Poly GACT tails of
different lengths were added to the 5’ end of the primers to
differentiate their PCR products by size. 5 uL of multiplex
PCR products from the above reactions were incubated with
1.6U of Exonuclease I (Fermentas) and 2.56U of shrimp
alkaline phosphatase (Fermentas) at 37°C for an hour
followed by heating at 80°C for 15min to inactivate both
enzymes. Following this, the reaction mix containing 2.5 uL
of SNaPshot SBE multiplex kit, 3.0 uL. of Exo SAP treated
PCR products, 1 pL of nuclease free water, and 2.0 L. of
primers mix (4-8 mM) was incubated for 25 cycles at 96 °C
for 10, 56 °C for 5, and 60 °C for 30 s. Finally 0.6U of SAP
(Fermentas) was added to the reaction product and incubated
at 37°C for an hour to remove the unused primers and
unwanted PCR reagents. SAP was then denatured by heating
at 75 °C for 15 min. The final reaction mix containing 7.9 pL.
of Hi-Di Formamide, 2.0puL of SAP purified SNaPshot

Variable Case Control p Value - X
product and 0.1pL of GeneScan-120 LIZ internal size

N 101 102 NA : : o

Sex. female S8 (57.42%: 0497) 32 (3137%: 0.466)  0.000 standard (Applied Biosystems) was denatured at 96 °C for

(%age; SD)
Mean age (SD) 21.59 (15.6) 30.15 (9.1) 0.076
Positive family 68.53% 0% NA
history

5 min and subjected to capillary electrophoresis. Genotypes of
the SNPs were identified by different fluorescent signals
using ABI-3130XL Genetic Analyzer and Genemapper ID-X
software (Applied Biosystems).

Table 2. Sequence of primers used to amplify genomic regions of target ADAM33 SNPs.

Sr. no. Target SNP Primer Sequence (5'-3") PCR product length (bp)

1 S2 [rs528557] F AGAGCTCTGAGGAGGGGAAC 208
R GACCATGACACCTTCCTGCT

2 ST +5 [rs597980] F GCCACTTCCTCTGCACAAAT 157
R ACCACCCAGGTCACAGAGAA

3 F+1 [rs511898] F CCAGCTCCCAGAAGGAAGTT 243
R CTGCTCACCTGGAAAGGAAC

4 ST +4 [rs44707] F TTTTTCCCTGGCTCAGATTG 359
R TCCCAAGACCAGGCTATGTC

5 T1 [rs2280091] F GGTGGAGGGTAAATGTTGTGA 397
R AGAGGGTGACTTGGAGCAGA

6 T2 [rs2280090] F CTGCTGGGCTCATGAGAGTT 442
R GAGCTGAGAGGGTGACTTGG

7 T+ 1 [rs2280089] F CTGAGCCCAGAAACCTGATT 483
R GATCACTGTGCCAACCTCCT

8 Q—1 [rs612709] F AGCCTGGCTTGTCACAGAAG 588
R CTGAGTGGAGGGAGCAGAAG

Sr., serial; F, forward; R, reverse.
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Table 3. Sequence of single base extension primers.
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Primer Primer
Target SNP orientation SNP SBE primer sequence® length (bp)
S2[rs528557] REVERSE G/C GACTGACTGACTGACTGACTCTGCCTCTGCTCCCAGG 37
ST +5[rs597980] REVERSE T/C  GACTGACTGACTGACTGACTGACTGACTGGGCAGCCAGCACC 42
F+ 1[rs511898] REVERSE T/IC  GACTGACTGACTGACTGACTGACTGAGCCCTCCAAATCAGAAGAGAC 47
ST +4[rs44707] FORWARD A/C  GACTGACTGACTGACTGACTGACTGACTGACCACAAATCACCTCTGTCACCC 52
T1[rs2280091] FORWARD G/A GACTGACTGACTGACTGACTGACTGACTGACTGACTGACT 56
TGTGGGGCCCAACTCC
T2[rs2280090] REVERSE A/G  GACTGACTGACTGACTGACTGACTGACTGACTGACTGACTGACTGACTGACT 70
CCCACAGCCACTGGACAG
T+ 1[rs2280089] REVERSE G/A GACTGACTGACTGACTGACTGACTGACTGACTGACTGACTGAC 60
GCTCATGCCTCCTGCCT
Q — 1[rs612709] REVERSE G/A  GACTGACTGACTGACTGACTGACTGACTGACTGACTGACTGACTGACTGAT 67
GCTCTGCCCACCCGAC

*SBE, single base extension; bold indicates poly (dGACT) tail.

Statistical analysis

The allele and genotype frequency distribution, the Chi-
squared test, and association of genetic variants with asthma
was performed using SHEsis online software [40]. Haploview
software v4.2 was used for calculating pairwise linkage
disequilibrium (LD) among the SNPs [41]. LD block
construction and Hardy—Weinberg Equilibrium (HWE) ana-
lysis were performed using data from control subjects only.
SNPs with less than 90% genotyping call rate (i.e. those that
failed to be genotyped in>10% of the samples) and which
failed the HWE test were excluded from further analysis. The
cutoff p value for HWE test was <0.001.

Results
Allelic and genotypic frequency distribution

The average age of patients and control subjects was
21.59+ 15 and 30.15+9.16years, respectively. 43 of the
101 asthma patients were male and 58 were female; 70 of
the 102 control subjects were males and 32 were female
(Table 1). Peripheral blood samples were taken from all
subjects and DNA was extracted. ADAM33 SNPs
T+ 1[rs2280089], T2[rs2280090], T1[rs2280091],
ST + 5[rs597980], ST +4[rs44707], S2[rs528557],
Q — 1[rs612709], and F+ 1[rs511898] were amplified in a
multiplex PCR reaction, fluorescently labeled by SBE and
separated by capillary electrophoresis. The multiplex ampli-
fication profile of an individual subject is shown in Figure 2.

Of the 8 SNPs successfully genotyped, only one,
S2[rs528557], showed significant difference in allele and
genotype frequency between asthma patients and control
subjects (Allele p=0.0189, Genotype p=0.0217). There
were no significant differences (p>0.05) in either allele or
genotype frequency between patients and controls for the
remaining seven SNPs [T+ 1, T2, T1, ST+5, ST+4, Q—1,
F+1] (Table 4). No significant changes were found in
associations of SNPs with asthma on taking positive family
history of the disease as covariate.

Linkage disequilibrium and haplotypes

To evaluate potential LD between ADAM33 SNPs, pairwise
normalized coefficient of disequilibrium (D’ values) were
calculated at 95% confidence interval using Haploview v4.2

software [42] and an LD block was constructed (Figure 3).
Two of the 8 SNPs (ST + 5[rs597980], F + 1[rs511898]) were
excluded from LD analysis because they did not pass the
HWE test. LD analysis showed that the six SNP’s are in
moderate to strong LD in pairs.

The six SNPs in the LD block were analyzed at the
haplotype frequency level using PLINK v1.9 software and
verified with Haploview software v4.2 [41,42]. The purpose
of haplotype analysis was to determine whether any combin-
ation of alleles is associated with the risk of asthma. As shown
in Table 5, the frequency of haplotype H2 ““AAGTGG’’ was
higher in asthma patients (0.141) than in healthy controls
(0.095), although not significantly higher (p=0.15; Chi-
square = 2.04), suggesting a trend toward association of this
haplotype with risk of asthma. Interestingly, the frequency of
haplotype ‘‘AAGTCG’’ was significantly higher in healthy
controls than in asthma patients (p=0.0059; Chi-square
=7.579) even after applying 1000 permutations (p =0.023),
suggesting that this haplotype has a protective effect against
asthma.

Discussion

Over-expression of ADAM33 has been shown in mesenchy-
mal, smooth muscle and epithelium cells from asthma
patients compared to cells from healthy individuals [43].
Different domains of ADAM33 gene translate into different
functions that somehow are closely related to other ADAM
genes, whose protein products possess proteolytic activity
which could play an important role in the airway remodeling
in asthma [13,14]. The reported over expression of ADAM33
in asthma patients and association of ADAM33 SNPs with
asthma in multiple populations favors the hypothesis that
ADAM33 is involved in asthma susceptibility [43]. Genetic
polymorphisms of ADAM33 have been shown to have
variable impact on asthma risk in different populations [32].
In this case-control study, we observed significant association
of one ADAM33 SNP, S2[rs528557], with risk of asthma in
Punjabi subjects from Pakistan. The significant association
of S2[rs528557] with asthma, under both allelic (p =0.0189;
CI=1.439 [0.945-2.192]) and genotypic models (p =0.0217;
Chi-square =7.659), in this study is consistent with results
from previous studies of Thai [27], adult Indian [22], pediatric
Indian [19], Japanese [23] and European subjects [36], and
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Figure 2. Representative multiplex SNaPSHOT profile of eight ADAM33 SNPs. This profile was generated by an ABI-3130XL genetic analyzer using
GeneMapper IDx software. Labels on the peaks are the SNP IDs; labels below the peaks show the genotype of each SNP.

contrary to results from studies of east Han Chinese [29] and
Asian subjects [39].

The SNP S2[rs528557] is located in the exonic region of
ADAM33 that encodes the transmembrane domain, which
possibly anchors the ADAM33 protein to cell membrane.
Although this SNP encodes a synonymous exon (Gly717Gly),
without altering amino acid sequence, it may influence
mRNA folding, stability and translation, as has been shown
for SNPs in other genes [44], and thereby alter ADAM33
function and favor asthma pathogenesis. Of the six ADAM33
SNPs found to be in moderate to strong LD in pairs, only
S2[rs528557] showed association with asthma independently.
However, all six SNPs might influence asthma pathogenesis
by acting collectively. These findings were also confirmed by
performing logistic regression taking positive family history
as covariate. Only S2 was still found to be associated with
asthma (i.e. p=0.03) while remaining SNPs showed non-
significant associations as earlier (Table 4).

The haplotype H2 ““AAGTGG’’, showed a trend toward
association with asthma. This haplotype might influence
asthma pathogenesis through the combination of the alleles of
these SNPs. The haplotype Hl1 ““AAGTCG’’ showed a
statistically significant association with healthy controls
relative to asthma patients even after applying 1000 permu-
tations. Therefore this haplotype may have a protective effect
against asthma.

Variants of some SNPs were more prevalent in asthma
patients than healthy controls in this study, including allele
“A’ of ST+ 5[rs597980], allele “‘A’” and genotype ‘‘AA’" of
Q — 1[rs612709], and genotypes ““TT’ and GG’ of
ST + 4[rs44707], but the associations of these SNPs were
not statistically significant in the sampled population
(p>0.05). Association of these ADAM33 SNPs with
asthma seems to depend on the study population.
Significant association of the ST+5 ‘A’ variant with
asthma has been observed in Indians [20,23] and Germans
[34,35], but a meta-analysis study reported contradictory
results for the same variant in Asian populations [38,39]. In
the SNP marker Q — 1[rs612709], allele ‘“‘A’” has been
reported as being significantly correlated to the risk of
asthma in Chinese Han [31], and Japanese women [25] but no
association with asthma risk was found in northern Han
Chinese [30] and Asian populations [39]. Association of
ST + 4[rs444707] with asthma has been reported in Indian
adults [22], Thai [27], Asian [36], and German populations
[35]. No association of this variant with asthma was found in
east Han Chinese [29], Asian [39], and Saudi children [18].

The non-significant differences in SNP frequencies
between asthma patients and controls in the present study
might be due to the relatively small sample size, or it could be
that the influence of these SNPs on asthma susceptibility is
very small in this study population. However, the significant
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Figure 3. Linkage disequilibrium (LD) between six ADAM33 SNPs. LD
block was generated using Haploview software. SNPs with genotyping
call rates <90% were excluded. The relative physical position of each
SNP is given at the top of the diagram. Numbers in the diamonds are D’
values in percent. D' >80% = moderate LD; D’ >90% = strong LD.
Diamonds without numbers indicate D’ = 100%.

Table 5. Haplotype analysis of ADAM33 SNP variants (T + 1, T2, T1,
ST+4, S2, and Q — 1) on Haploview v 4.2 [40].

Haplotype Freq. Freq. Chi-

code HAPLOTYPE patients controls square p Value p Value®
H1 AAGTCG* 0.004 0046 7.579 0.0059* 0.0230%*
H2 AAGTGG 0.141 0.095 2.04 0.1532 0.6950
H3 GGAGCG 0222 0232 0.053 0.8174 1.0000
H4 GGAGGA 0.049 0.033 0.676 0.4109 0.9850
HS5 GGATCA 0.028 0.052 1474 0.2247 0.8530
H6 GGATCG 0383 0395 0.061 0.8045 1.0000
H7 GGATGA 0102 0076 0.839 0.3598 0.9710

Freq., frequency;
*p value is significant (p <0.05);
4p value is adjusted after applying 1000 permutations.

association of S2[rs528557] SNP and the possible trend of
haplotype ‘“AAGTGG’’ toward association, along with the
protective role of haplotype ‘‘AAGTCG’’ against asthma,
predicts the involvement of ADAM?33 in asthma susceptibility
in the Punjabi population of Pakistan.

Conclusions

This study demonstrated an association of ADAM33 gene
variant S2[rs528557] with risk of asthma in the Punjabi
population of Pakistan. Haplotype analysis revealed a trend
toward association of haplotype “‘AAGTGG’’ with asthma
risk, based on the difference in frequencies between patients
and control groups. In addition, the haplotype ““AAGTCG’’
was shown to occur with significantly higher frequency in the
healthy control group, suggesting a protective effect against

ADAM33 gene associated with asthma in Pakistan 7

asthma susceptibility. The small sample size may be a
limitation of this study. Therefore, further studies of larger
patient cohorts from Pakistan are needed to confirm these
findings and improve understanding of the mechanism of
ADAM33 involvement in asthma susceptibility.
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