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Association of ADAM33 gene polymorphisms
with asthma in Indian children

Shally Awasthi1, Priya Tripathi1, Subramaniam Ganesh2 and Nuzhat Husain3

Asthma is the most common chronic disorder in childhood, and asthma exacerbation is an important cause of childhood

morbidity and hospitalization. In the present study, the relationship between single-nucleotide polymorphisms (SNPs) of the

ADAM33 gene and asthma in Indian children has been examined using a case–control study. Five SNPs of the ADAM33 gene,

F+1(rs511898) G/A, S2 (rs528557) G/C, ST+4 (rs44707) A/C, ST+5 (rs597980) C/T and V4 (rs2787094) C/G, were analyzed

in 211 asthma cases and 137 controls aged 1–15 years using the PCR–restriction fragment length polymorphism method. Data

were statistically analyzed using the v2-test and logistic regression model. Haplotype estimation and linkage disequilibrium were

conducted using the expectation–maximization algorithm. The genotypes and allele frequencies of SNPs S2 and ST+5 of the

ADAM33 gene were significantly associated with asthma risk (P¼0.020–o0.001), whereas F+1, ST+4, V4 homozygous mutant

genotypes and mutant alleles were significantly associated with increased asthma risk (P¼0.031–o0.001). A positive

association was also found with haplotypes AGCCT, GGACT and AGCCC (P¼o0.001, odds ratio (OR)¼6.10–6.50), whereas

ACAGT, AGCGC, AGCGT, GCAGC and GCCGT showed protective association with asthma (P¼0.019–0.000, OR¼0.50–0.20).

Taken together, out results suggest that ADAM33 gene polymorphisms may modify individual susceptibility to develop childhood

asthma in the Indian population.
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INTRODUCTION

Complex genetic diseases are highly prevalent in the general popula-
tion and have a very significant socioeconomic impact on the health-
care system. Asthma is the most common chronic childhood disease
in developed nations.1 In India, the prevalence of asthma in adults is
2.38%2 and in children it varies from 6 to 31%.3,4 Overall, it affects
nearly 155 million people worldwide.5 Asthma is defined as a chronic
inflammatory disorder of the airways, in which many cells and cellular
elements have a role. The symptoms, resulting from airway hyper-
responsiveness, include recurrent episodes of wheezing, breathlessness,
chest tightness and coughing—especially at night or in the early
morning.6 These symptoms are often associated with airflow obstruc-
tion within the lungs and are reversible—either spontaneously or by
therapy.6

ADAM33 was first identified as a susceptibility gene for asthma by
positional cloning in the year 2002.7 ADAM33 is located on chromo-
some 20p13, and its expression is restricted largely to mesenchymal
cells, including fibroblasts and smooth muscle cells. The ADAM
family of proteins, characterized by the presence of a disintegrin
and metalloprotease domain (ADAM), have a role in cell–cell and
cell–matrix interactions,8 as well as in cell migration,9,10 cell–cell

adhesion11 and signal transduction.12 The ADAMs protein family
constitutes a variety of cell surface proteins, including growth factors,
cytokines and receptors.8 ADAM33 is predicted to have protease
activity and a domain structure composed of a signal sequence,
prodomain, metalloprotease domain (with a zinc-binding motif),
disintegrin domain, cysteine-rich domain (with an EGF-like motif),
a transmembrane domain and a cytoplasmic domain.13 A number of
reports have appeared since the first study documenting the positive
association of ADAM33 polymorphism with asthma in the Caucasian
population. Associations between distinct single-nucleotide poly-
morphisms (SNPs) of ADAM33 and various subphenotypes of asthma
as well as bronchial hyperresponsiveness have been reported.7,14,19–34

Several SNPs in ADAM33 have been shown to be significantly
associated with asthma, suggesting an important role for ADAM33
in the etiology of asthma.7,14,19,20,32 However, most data available for
ADAM33 and asthma have been obtained from Caucasians, but little
data on ADAM33 SNPs associated with asthma and atopic disease are
available for Asian populations.14,19,21,26,33,34 In light of this, we
attempted to examine the association of ADAM33 gene polymor-
phisms F+1 G/A, S2 G/C, ST+4 A/C, ST+5 C/T and V4 C/G with
asthma in Indian children.
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MATERIALS AND METHODS

Subjects
The study group consisted of 211 cases and 137 controls. They were recruited

between August 2007 and September 2009 from the Department of Pediatrics,

Chattrapati Shahuji Maharaj Medical University, Lucknow, Uttar Pradesh,

India. This study was approved by the institutional ethics committee and

written informed consent for participation was obtained from parents/guar-

dians of all the patients. On screening, the patient was suspected to have asthma

if one or both of the following criteria were positive: (a) current diagnosis of

asthma by the treating pediatrician and (b) the patient was prescribed

antiasthma medication in the past. The diagnosis of suspected asthma and

the severity of an asthma attack were then confirmed according to the Global

Initiative for Asthma criteria (GINA) guidelines.6 Asthmatic patients were

grouped into the following categories: (i) intermittent, (ii) mild persistent, (ii)

moderate persistent and (iii) severe persistent. We excluded patients who had a

history of other atopy-related diseases such as allergic rhinitis and diagnosed

pulmonary disease tuberculosis. The inclusion criteria for controls were as

follows: (1) no symptoms or history of asthma or other pulmonary diseases; (2)

no symptoms or history of atopy; and (3) absence of first-degree relatives with

a history of asthma or atopy.

Methods
DNA extraction and genotyping. Genomic DNA was extracted from 3ml of

frozen whole blood using a DNA Extraction Kit (FlixiGene DNA Kit, QIAGEN

GmbH, Hilden, Germany) according to the manufacturer’s protocol and

following the manufacturer’s instructions. We selected five SNPs in

the ADAM33 gene (Figure 1), which were shown previously to have an allelic

and/or haplotype association with asthma, including F+1(rs511898),

V4(rs2787094), ST+4(rs44707), S2 (rs528557) and ST+5(rs597980). Using

the unique rs accession numbers, SNP details and sequence data are available

through NCBI databases http://www.ncbi.nlm.nih.gov. Genotyping was carried

out by polymerase chain reaction restriction fragment length polymorphisms

(PCR-RFLP) (Supplementary figure 1). Using isolated genomic DNA as

template, PCRs were carried out. Each PCR was performed in a total reaction

volume of 15ml, with 20pmol of each primer sequence. PCR products were

digested at 37 1C overnight with 1U of restriction enzymes. Detailed informa-

tion on PCR conditions, primer sequences, restriction enzymes and so on is

summarized in Table 1. Nearly 10% of the samples were randomly selected and

genotyped once again to rule out any inconsistency.

Statistical analysis
EpiINfo6 (available from the centers for Disease control and Prevention

(Atlanta, GA, USA; http://www.cdc.gov/epo/epi/epiinfo.htm)) and SPSS 11.5

(Chicago, IL, USA) were used for statistical analysis. The w2-test was used to

determine differences in genotype/allele frequencies and deviation from Hardy–

Weinberg equilibrium. Logistic regression was used to calculate odds ratio

(OR). Homozygous genotype for the normal allele of each SNP in the control

group was used as reference in calculating OR and 95% confidence intervals.16

Figure 1 Schematic representation of the ADAM33 gene on chromosome 20. (a) Chromosome 20 showing ADAM33 gene position 20p13. (b) Region

covered by five genotyped polymorphisms (SNPs) in Mbs (megabases) and Kbs (kilobases). (c) Position of the genotyped polymorphisms (SNPs) in the

ADAM33 gene with respect to the 22 exons (black) and untranslated regions (gray) of the gene.

Table 1 Description of the investigated ADAM33 SNPs

rs Number SNP name Location Alleles F and R primers for PCR

Annealing temperature 1C/extension time

in sec /number of cycles

Digest (bp)/

enzyme

rs511898 F+1 Intron 6 G4A (F) 5¢-GTATCTATAGCCCTCCAAATCAGAAGAGCC-3¢;
(R) 5¢-GGACCCTGAGTGGAAGCTG-3¢

60/30/40 166(A) MspI

29+137(G)

rs2787094 V4 3¢UTR C4G (F) 5¢-CTCAGGAACCACCTAGGGGAGAAG-3¢;
(R) 5¢-CAAAGGTCACACAGCCCCTGACCT-3¢

60/30/40 290(C) PstI

196+94(G)

rs44707 ST+4 Intron 19 A4C (F) 5¢-CACTTCCTCTGCACAAATCACCTCTGTCGTC-3¢;
(R) 5¢-GAGCACTCCCAAGACCAGGCTATGTCAG-3¢

64/30/40 277 (C) Hpy166II

246+31(A)

rs528557 S2 Exon 19 G4C (F) 5¢-AGAGCTCTGAGGAGGGGAACCG-3¢;
(R) 5¢-GCAGACCATGACACCTTCCTGCTG-3¢

64/30/40 211(C) NarI

147+64(G)

rs597980 ST+5 Intron 19 C4T (F) 5¢-TCCCTGGCTCAGATTGCAGTCC-3¢;
(R) 5¢-ACCACCCAGGTCACAGAGAACTGG-3¢

65/30/40 239(T) AciI

177+62(C)

Abbreviations: bp, basepair; F, forward; R, reverse; SNP, single-nucleotide polymorphism.
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Continuous variables were expressed as mean±s.d. The significance level for all

statistical tests was set at Po0.05. P-values were corrected (Pcorr) for multiple

corrections (Bonferroni’s correction) in case of further subgrouping or strati-

fication. The 0.05/N threshold was set up according to the Bonferroni’s

correction to account for multiple testing issues. N is the number of tested

markers (genotypes) for each gene polymorphism. Therefore, for applying

Bonferroni’s correction, we have multiplied the P-value by the number of

comparisons (for example, in case of a polymorphism having three genotypes,

we multiplied the P-value by 3 and for carrier analysis the P-value was

multiplied by 2). Case–control analysis was carried out to detect possible

gene–environment interaction. Fisher’s exact test was carried out to avoid type

1 error in the subgroup analyses due to the smaller sample size.16 Statistical

analyses for the haplotype estimation and linkage disequilibrium (LD) were

carried out using the expectation–maximization algorithm (Arlequin software

version 2.00).15 The SNPAnalyzer (version 1.0; ISTECH; Istech, Kyungkido,

Republic of Korea) was used to calculate D’ value, the measure index of LD.16

RESULTS

This study was conducted from August 2007 to September 2009.
Included were 211 cases of asthma, of which 51 (24.2%) were
intermittent, 127 (60.2%) were mild persistent and 33 (15.6%) were
moderate persistent. No cases of severe persistent asthma were detected.

A total of 137 controls were included in the study. Table 2 shows
the selected characteristics of the study population. Compared
with controls, cases were likely to have father and grandfather
or other family members with a present smoking habit. Proximity
to an industrial area and road near a highway were the factors likely
to cause a risk of developing disease asthma (P-value o0.05). Details
regarding environmental risk factors for cases and controls were
recorded and analysis was performed for further possible gene–
environment interactions.

Association of ADAM33 gene polymorphisms with asthma
compared with controls, cases with positive family history and total
hospitalization
The genotype and allele frequencies of the ADAM33 gene polymor-
phisms in patients and healthy controls are shown in Table 3. All
five SNPs genotyped were in Hardy–Weinberg equilibrium (P40.05)
in both cases and controls. After comparing genotype and allele
frequencies between patients and controls, increased risk for asthma
was observed with the heterozygous genotype (GC), homozygous
mutant genotype (CC) and mutant allele (C) of S2 SNP, with the
heterozygous genotype (CT), homozygous mutant genotype (TT) and

Table 2 Distribution of selected characteristics of children

Basic demographic Case (211 (%)) Control (137 (%)) P-value

Gender (female) 68 (32.2) 41 (29.9) 0.727

Age (in months) 74.39±45.76 73.61±42.56 0.874

Weight (in Kg) 18.35±8.547 18.79±9.588 0.659

Height (in cm) 109.98±22.188 111.12±19.835 0.624

BMI 14.96± 6.54 14.65±4.13 0.62

Environmental factors OR (95% CI) P-value

Industrial factor

Present 25 (11.8) 5 (3.6) 3.55 (1.25–10.87) 0.007

Type of Road

Road of occasional traffic 164 (77.7) 124 (90.5) 0.37 (0.18–0.73) 0.002

Busy road with vehicular traffic 30 (14.2) 13 (9.5) 1.58 (0.76–3.34) 0.190

Near highway 17 (8.1) 0 (0) NC

Smoking status of father

Non-smoker 88 (41.7) 97 (70.8) —

Total smoker 123 (58.2) 40 (29.2) 3.39 (2.09–5.51)o0.001

1–2 cigarettes or bidis per day 38 (18.0) 11 (8.0) 2.52 (1.18–5.45) 0.008

3–10 cigarettes or bidis per day 37 (17.5) 16 (11.7) 1.61 (0.82–3.17) 0.137

More than 10 cigarettes or bidis per day 48 (22.7) 13 (9.5) 2.81 (1.40–5.72) 0.001

Smoking status of grandfather/other family member

Non-smoker 84 (39.8) 94 (68.6) —

Total smoker 127 (60.2) 43 (31.4) 3.31 (2.05–5.34)o0.0001

1–2 cigarettes or bidis per day 59 (28.0) 15 (10.9) 3.16 (1.65–6.13) 0.0001

3–10 cigarettes or bidis per day 29 (13.7) 22 (16.1) 0.83 (0.44–1.59) 0.551

More than 10 cigarettes or bidis per day 39 (18.5) 6 (4.4) 4.95 (1.93–13.43) 0.001

Allergy (dust, strong order and smoke) 113 (53.6) —

Hospitalization for asthma

Present 48 (22.7) —

Past 84 (39.8) —

Total 112 (53.1) —

Family history of asthma (total) 90 (42.7) —

Maternal history of asthma 53 (25.1) —

Paternal history of asthma 45 (21.3) —

Both side present asthma history 8 (3.7) —

Abbreviations: BMI, body mass index; CI, confidence interval; NC, not calculated; OR, odds ratio.

Association of ADAM33 gene polymorphisms with asthma
S Awasthi et al

190

Journal of Human Genetics



Table 3 Association of five polymorphisms in ADAM33 with asthma in Indian children

Patients (n¼211) Control (n¼137)

SNPs Genotype (N) (%) (N) (%) OR (95% CI) P-value

F+1 (G4A) GG 39 18.5 40 29.2 1 (reference)

GA 94 44.5 73 53.3 1.32 (77–2.26) 0.310

AA 78 37.0 24 17.5 3.33 (1.76–6.29) o0.001

G 172 40.8 153 55.8 1 (reference)

A 250 59.2 121 44.2 1.84 (1.35–2.50) o0.001

V4 (C4G) CC 34 16.1 33 24.1 1 (reference)

CG 90 42.7 58 42.3 1.51 (0.84–2.69) 0.168

GG 87 41.2 46 33.6 1.84 (1.01–3.34) 0.015*1

C 158 37.4 124 45.3 1 (reference)

G 264 62.6 150 54.7 1.38 (1.02–1.88) 0.031*2

ST+4 (A4C) AA 38 18.0 37 27.0 1 (reference)

AC 94 44.5 59 43.1 1.55 (0.88–2.71) 0.123

CC 79 37.4 41 29.9 1.87 (1.04-3.38) 0.012*3

A 170 40.3 133 48.5 1 (reference)

C 252 59.7 141 51.5 1.39 (1.03–1.90) 0.010*4

S2 (G4C) GG 18 8.5 72 52.6 1 (reference)

GC 85 40.3 51 37.2 6.66 (3.58–12.42) o0.001

CC 108 51.2 14 10.2 30.86 (14.44–65.94) o0.001

G 121 28.7 195 71.2 1 (reference)

C 301 71.3 79 28.8 6.14 (4.38–8.59) o0.001

ST+5 (C4T) CC 26 12.3 33 24.1 1 (reference)

CT 94 44.5 67 48.9 1.78 (0.97-3.25) 0.020*5

TT 91 43.1 37 27.0 3.12 (1.65-5.92) o0.001

C 146 34.6 133 48.5 1 (reference)

T 276 65.4 141 51.5 1.783 (1.307-2.432) o0.001

Abbreviations: CI, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism.
After Bonferroni’s correction Pcorr*1¼0.046; Pcorr*2¼0.040; Pcorr*3¼0.036; Pcorr*4¼0.032; and Pcorr*5¼0.060.

Table 4 Association of ADAM33 gene polymorphisms with severity of asthma

Control (n¼)
Mild intermittent (n¼51) Mild persistent (n¼127) Moderate persistent (33)

Genotype N (%) N (%) OR (95% CI) N (%) OR (95% CI) N (%) OR (95% CI)

F+1 G4A

GG 40 (29.2) 11 (21.6) 1 (reference) 22 (17.3) 1 (reference) 7 (21.2) 1 (reference)

GA 73 (53.3) 21 (41.2) 1.04 (0.45–2.38) 0.915 53 (41.7) 1.32 (.71–2.47) 0.387 20 (60.6) 1.56 (0.61–4.02) 0.352

AA 24 (17.5) 19 (37.3) 2.87 (.17–7.07) 0.021 52 (40.9) 3.94 (1.94–8.01) o0.001 6 (18.2) 1.43 (0.43–4.75) 0.561

V4 C4G

CC 33 (24.1) 11 (21.6) 1 (reference) 19 (15.0) 1 (reference) 4 (12.1) 1 (reference)

CG 58 (42.3) 19 (37.3) 0.98 (.42–2.31) 0.968 53 (41.7) 1.58 (0.8–3.12) 0.181 18 (54.5) 2.56 (0.799–8.20) 0.11

GG 46 (33.6) 21 (41.2) 1.37 (0.58–3.22) 0.471 55 (43.3) 2.07 (1.07–4.13) 0.037 11 (33.3) 1.97 (0.577–6.74) 0.27

ST+4A4C

AA 37 (27.0) 7 (13.7) 1 (reference) 28 (22.0) 1 (reference) 3. (9.1) 1 (reference)

AC 59 (43.1) 20 (39.2) 1.79 (0.69–4.65) 0.231 58 (45.7) 1.29 (0.71–2.39) 0.401 16 (48.5) 3.35 (0.91–12.27) 0.69

CC 41 (29.9) 24 (47.1) 3.09 (1.19–8.02) 0.020 41 (32.3) 1.32 (0.69–2.54) 0.404 14 (42.4) 4.21 (1.12–15.83) .033

S2 G4C

GG 72 (52.6) 6 (11.8) 1 (reference) 12 (9.4) 1 (reference) 0 1 (reference)

GC 51 (37.2) 16 (31.4) 3.76 (1.37–10.28) 0.010 53 (41.7) 6.24 (3.03–12.84) o0.001 16 (48.5) 3.87 (1.56–9.55) .003

CC 14 (10.2) 29 (56.9) 24.86 (8.7–70.96) o0.0001 62 (48.8) 26.57 (11.44–61.70) o0.0001 17 (51.5) NC

ST+5C4T

CC 33 (24.1) 9 (17.6) 1 (reference) 14 (11) 1 (reference) 3 (9.1) 1 (reference)

CT 67 (48.9) 20 (39.2) 1.09 (0.449–2.66) 0.842 58 (45.7) 2.04 (0.99–4.18) (0.051) 16 (48.5) 2.63 (.73–9.65) 0.146

TT 37 (27.0) 22 (43.1) 2.180 (0.881–5.39)0.092 55 (53.3) 3.50 (1.65–7.43) 0.001 14 (42.4) 4.16 (1.09–15.7) 0.036

Abbreviations: CI, confidence interval; NC, not calculated; OR, odds ratio.
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mutant allele of ST+5 SNP (T), the homozygous mutant genotype
(CC) and mutant allele (C) of ST+4 SNP, the homozygous mutant
genotype (GG) and mutant allele (G) of V4 SNP and with the
homozygous mutant genotype (AA) and mutant allele (A) of F+1
SNP. F+1, V4 and ST+4 heterozygous genotypes (GA, CG and AC,
respectively) were not significantly distributed among cases and
controls.
A case-only analysis was performed to observe the association

between family history of asthma and total hospitalization rates.
Among all five ADAM33 gene polymorphisms studied (F+1, V4,
ST+4, S2 and ST+5), the homozygous mutant genotype of ST+5
SNP, the heterozygous genotype of ST+4, as well as V4, showed a high
total hospitalization rate (Supplementary data file 1; Po0.05). The
homozygous mutant genotype of ST+5 was observed to be signi-
ficantly different among cases with a positive family history (OR¼1.77
95%, confidence interval: 0.98–3.19), P¼0.04), whereas the hetero-
zygous genotype (AC) of ST+4 SNP observed a marginally significant
difference among cases with a positive family history (OR¼1.72 95%
confidence interval: 0.95–3.11, P¼0.0531; Supplementary data file 2).

Association of ADAM33 gene polymorphisms with severity of
asthma
The genotype and allele frequencies of ADAM33 gene polymorphisms
in subgroups of asthma patients and in healthy controls are shown
in Table 4. After comparing genotype and allele frequencies between
asthma severity subgroups and controls, individuals with the homo-
zygous mutant genotype (AA) of F+1 SNP, the homozygous mutant
genotype (CC) of ST+4 SNP and the heterozygous and homozygous
mutant genotypes (GC and CC) of S2 SNP were at increased risk
for mild intermittent asthma. Polymorphisms V4 and ST+5 were
not significantly associated with mild intermittent asthma. Individuals
with the homozygous mutant genotype (AA) of F+1 SNP, the
homozygous mutant genotype (GG) of V4 SNP, the heterozygous
and homozygous mutant genotypes (GC and CC) of S2 SNP and
the heterozygous and homozygous mutant genotypes (CT and TT)
of ST+5 SNP were at increased risk for mild persistent asthma.
Genotypes of ST+4 SNP were not statistically significantly associated
with mild persistent asthma. Individuals with the heterozygous
genotype (GC) of S2 SNP and the homozygous mutant geno-
types of ST+5 and ST+4 SNPs (TT, CC) were at risk for moderate
persistent asthma. SNPs F+1 and V4 were not significantly associated
with moderate persistent asthma. Significant associations were
observed with subgroups of asthma severity, but no single SNP was
consistently associated with increasing severity of asthma across all
subgroups.

Haplotype analysis of ADAM33 polymorphisms
For statistical advantage, haplotypes with a frequency of o1% were
excluded, as shown in Table 5. In asthma patients, the frequencies of
haplotype combinations AGCCT, GGACTand AGCCC were higher in
patients and may be responsible for the risk of developing disease
asthma, whereas frequencies of haplotype combinations ACAGT,
AGCGC, AGCGT, GCAGC and GCCGT were lower in patients,
which shows protective association with asthma. For all cases and
controls, LD-measured D’ was high between most of the tested
polymorphisms in the ADAM33 gene. (Supplementary data file 3)
.A total of 10 pairs were observed, out of which 7 pairs, namely,
F+1/ST+4, F+1/ST+5, V4/S2, V4/ST+5, ST+4/S2, ST+4/ST+5 and
S2/ST+5, were in strong LD; in controls, 6 pairs, namely, F+1/V4,
F+1/ST+5, V4/ST+4, V4/S2, V4/ST+5 and S2/ST+5, were in strong
LD (Yates’s corrected P value o0.05 and |D¢|a0).

Interaction of genotype with environmental risk factors
A case and control study was separately conducted to reveal any
possible gene–environment interactions. Environmental risk factors
included (1) type of road categorized into three subgroups—road of
occasional traffic, busy road with vehicular traffic and residential area
near highway; and (2) presence of industrial factor near residential
area. Although all factors were prominent in patients as compared
with controls, none of the genotype–environment risk factor inter-
actions significantly modulated risk for asthma. Only ST+4 geno-
types were significantly distributed among type-of-road subgroups.
Near-highway-predicted percentages for the homozygous normal
genotype (AA), the heterozygous genotype (AC) and the homozygous
mutant genotype (CC) of ST+4 SNP were 11.8, 29.4 and 58.8%,
respectively. Busy road with vehicular traffic-predicted percentages
for homozygous normal genotype (AA), heterozygous genotype (AC)
and homozygous mutant genotype (CC) of ST+4 SNP were 0.0,
40.0 and 60.0%, respectively. Road of occasional traffic-predicted
percentages for homozygous normal genotype (AA), heterozygous
genotype (AC) and the homozygous mutant genotype (CC) of
ST+4 SNP were 22.0, 47.0 and 31.1%, respectively. For all three
types of road subgroups compared with ST+4 genotypes, Fisher’s
exact P-value was 0.002, which indicates that an area of heavy traffic
is a risk factor that initiates gene–environment interaction with
asthma. (Insignificant data not shown regarding gene–environment
interactions.)

Table 5 Distribution of ADAM33 gene SNPs haplotypes and

association with risk of Asthma

Total no. Haplotype

Case

(n¼422) a

Control

(n¼274) a P-value OR

1 AGCCT 16.2 2.9 o0.001 6.50 (2.9–14.87)

2 GGACT 8.4 1.4 o0.001 6.10 (2.04–20.47)

3 ACCCT 7.9 — NC NC

4 AGCCC 6.6 0.9 o0.001 9.66 (2.22–59.17)

5 GGCCT 5.5 5.9 0.827 0.93 (0.46–1.88)

6 AGACT 5.3 3.9 0.391 1.38 (0.63–3.07)

7 GCAGC 5.3 9.3 0.019 0.50 (0.27–0.94)

8 AGAGT 3.8 5.8 0.208 0.64 (0.30–1.36)

9 GGAGC 3.3 3.4 0.981 1.01 (0.40–2.57)

10 ACCGT 3.1 — NC NC

11 ACACT 3.1 — NC NC

12 GGCCC 3.1 1.9 0.308 1.71 (0.56–5.56)

13 GCCCT 2.8 — NC NC

14 ACCCC 2.8 1.3 0.501 1.98 (0.58–7.33)

15 GGACC 2.6 1.7 0.501 1.44 (0.46–4.81)

16 GCCCC 2.5 3.7 0.432 0.71 (0.27–1.82)

17 AGCGT 2.4 7.7 0.001 0.29 (0.13–0.66)

18 GGCGT 2.2 3.7 0.230 0.58 (0.21–1.55)

19 ACCGC 2.2 3.5 0.230 0.51 (0.21–1.55)

20 GCACC 1.9 1.1 0.408 1.75 (0.42–8.37)

21 AGAGC 1.5 1.7 0.677 0.78 (0.21–2.96)

22 ACAGT 1.5 6.7 o0.001 0.21 (0.07–0.56)

23 AGCGC 1.3 4.7 0.001 0.20 (0.06–0.61)

24 ACACC 1.3 0.8 0.557 1.63 (0.28–12.21)

25 GCACT 1.2 3.1 0.099 0.40 (0.11–1.36)

26 GCCGT 1.1 4.8 0.001 0.20 (0.06–0.61)

Abbreviations: CI, confidence interval; NC, not calculated; OR, odds ratio; SNP, single-
nucleotide polymorphism.
aTotal number of chromosomes.
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DISCUSSION

The present case–control study was conducted to assess the asso-
ciation of specific ADAM33 gene polymorphisms (F+1(rs5118980),
V4(rs2787094), ST+4(rs44707), S2(rs528557) and ST+5(rs597980))
with childhood or childhood-onset asthma in children aged 1–15
years and in age- and sex-matched healthy controls. During the
analysis of cases and controls, we found that S2 and ST+5 SNPs
were significantly associated with asthma, whereas F+1, ST+4 and V4
homozygous mutant genotypes and mutant alleles were significantly
different compared with controls.
Several groups have examined the association of ADAM33 gene

polymorphisms (F+1, V4, ST+4, S2 and ST+5) with asthma in various
populations and the findings are summarized in Table 6. Similar to
our results, S2 gene polymorphism was reported to be associated
with asthma in a UK-only population,7 in a family-based study
on Germans,19 as well as in African-American, US White and US
Hispanic,20 Japanese21 and Thai32 populations. The ST+5 gene

polymorphism was associated with a family-based study conducted
by Werner et al.19

The ST+4 ADAM33 gene polymorphism was found to be associated
with US/UK combined and UK-only populations,7 in a German
family-based study conducted by Werner et al.,19 as well as in Thai
case–control32 and Japanese family-based studies.33 We also found a
significant association of the ST+4 homozygous mutant genotype and
mutant allele with asthma.
In our study, we found a significant association of the homo-

zygous mutant genotype and mutant allele of F+1 SNP with asthma.
Similar to our result, the F+1 gene polymorphism has shown positive
association in a UK-only population and in German family-based
studies.7,19 Recently, Blakey et al.29 conducted transmission disequili-
brium and case–control studies, followed by a meta-analysis of all
existing data. The meta-analysis showed that F+1 and ST+7 (not
performed in this study), which were not associated with asthma in
most of the studies, were significantly associated with asthma.

Table 6 Association of five genotyped ADAM33 gene polymorphisms in different populations

Study population N2
ADAM33 SNPs and reported associations

Reference cc, fa and coh Case/controls; families (Individuals) F+1 S2 ST+4 ST+5 V4

Van Eerdewegh et al.7 US/UK combined (cc) 130/217 NR NR A NR A

UK (cc) Not reported A A A NR A

US (cc) Not reported NR NR NR NR NR

US/UK (fa) 460 (1840) NR NR NR NR NA

Lind et al.19 Mexican (cc) 190/160 NR NR NR NR NA

Puerto Rican (cc) 183/165 NR NR NR NR NA

Mexican/Puerto Rican (fa) 583 (1749)3 NR NR NR NR NA

Raby et al.20 Non-Hispanic white (fa) 474 (1462) NR NA NA NA NA

Hispanic (fa) 47 (149) NR NA NA NA NA

African-American (fa) 66 (203) NR NA NA NA NA

Werner et al.15 German (cc) 48/499 NA NA NA NA NA

German (fa) 171 (732) A A3 A A NA

Howard et al.16 African-American (cc) 161/265 NR A NA NR NA

US White (cc) 220/229 NR A3 NA NR NA

US Hispanic (cc) 113/127 NR A NA NR NA

Dutch White (cc) 180/133 NR NA NA NR A

Blakey et al.25 Icelandic (cc) 348/262 NAd NA NA NA NA

Nottingham (fa) 60 (240) NAd NA NA NA NA

Hirota et al.17 Japanese (cc) 504/651 NA A NA NR NA

Sakagami et al.18 Japanese (cc) AIA 102/120 NR NR NA NR NA

ATA (cc) 282/120 NR NR NA NR NA

Noguch et al.29 Japanese (fa) 155 (538) NA NA A NR NA

Thongngarm et al.28 Thai (cc) 200/100 NR A A NR NA

Vergara et al.23 Cartagena, Colombia (fa) 429/401 NR NA NR NR NA

Cartagena, Colombia (fa) 116 (348) NR NA NR NR NA

Wang et al.25 Chinese (cc) 296/270 NA NR NR NR NR

Su et al.14 Chinese Han (cc) 181/151 NR NR NR NR A

Schedel et al.24 German (cc) 624/1248 NA NA NA NA NA

Cohort (coh) 86/464 NA NA NA NA NA

Kedda et al.27 Australian (cc) 612/473 NA NR NA NR NA

Lee et al.21 Korean 326/121 NR NR NR NR NA

This study 2010 India (cc) 211/137 A A A A A

Abbreviations: AIA, aspirin-intolerant asthma; ATA, aspirin-tolerant asthma; cc, case control; coh, cohort study; fa, family study; NA, no association; NR, not done; SNP, single-nucleotide
polymorphism.
A¼showed positive association of SNPs with asthma.
NA¼done but no association found with asthma (Po0.05).
3¼only a trend (0.05oPp0.065).
NAd¼not associated with asthma on particular population but significant association found after combined meta-analysis on published literature.
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The V4 gene polymorphisms of the ADAM33 gene have shown
association in US/UK combined, UK-only, Dutch White and Chinese
Han populations.7,14,20 We also found significant association of the
ST+4 homozygous mutant genotype and mutant allele with asthma in
our Indian population.
However, in contrast to our study, very large studies conducted by

Lind23 and Raby et al.24 investigating childhood asthma could not find
any association between single ADAM33 SNPs or haplotypes and child-
hood asthma. No association was found between asthma and ADAM33
in Korean, Australian, Chinese, German, Japanese and Caribbean Coast
of Colombian populations.21,25,27–29,31 A recent report by Bijanzadeh and
colleagues also failed to find an association between asthma and the T1
SNP of the ADAM33 gene in a South Indian population.34 This may be
because of allelic heterogeneity, a single disorder caused by different
mutations within a gene. Another explanation is the difference in LD
patterns between populations, which means that unobserved causal
variants are the same in different populations, but that SNPs in strong
LD with variants differ between populations or that the disease-causing
variants are in strong LD with an SNP in one ethnic population, but not
in others. Differences in the frequency of SNPs in cases and controls in
different studies were summarized by Postma et al.30

Comparison of our results with those of various studies referred to in
Table 6 indicates that no single SNP was universally associated with the
asthma phenotype. One explanation for these differences might be
the heterogeneity of asthma. There may be genetic differences among
subtypes of asthma, such as pediatric, allergic/non-allergic asthma and so
on. Asthma was not defined by common criteria in these investigations.
Haplotypes are considered to carry information about possibly

unobserved causal variants in the region33 in asthma patients; the
frequencies of haplotype combinations AGCCT, GGACT and AGCCC
were higher in patients, suggesting that these three haplotypes increase
the risk of asthma. Furthermore, we found that frequencies of
haplotypes ACAGT, AGCGC, AGCGT, GGAGC and GCCGT were
lower in patients compared with healthy controls. This result may
imply a protective role of these five haplotypes in combination with
asthma in Indian children. Although ADAM33 might have a key role
in asthma through airway wall remodeling, its exact role in disease
susceptibility is unclear. In previous studies, polymorphisms in mRNA
were shown to contribute to transcript stability.35,36 Therefore, it is
likely that the susceptible allele present on the coding region of the
ADAM33 transcript might affect its stability, which in turn might
modulate the inflammation process. Our data strongly support the
importance of ADAM33 in asthma across ethnic boundaries, and
further investigations of the connections between genotypes and the
functional roles of ADAM33 would be helpful to clarify the etiology of
asthma. Given the recent advances in SNP genotyping, it is certain that
more SNPs of this gene will be identified.
Our data suggest evidence for an association of the ADAM33

polymorphism with asthma risk. In conclusion, our study observed
the significant association of SNPs S2 G/C and ST+5 C/T of the
ADAM33 gene heterozygous and mutant genotypes and allele frequen-
cies with asthma risk and significant association of F+1 G/A, ST+4
A/C, V4 C/G mutant genotypes and alleles with increased asthma risk.
Frequencies of haplotype combinations AGCCT, GGACTand AGCCC
were higher in patients and may cause risk of developing asthma,
whereas frequencies of haplotype combinations ACAGT, AGCGC,
AGCGT, GCAGC and GCCGT were lower in patients, which shows
protective association with asthma. Additional studies with a larger
sample size and with long-term follow-ups will undoubtedly lead to a
more thorough understanding of the role of the ADAM33 gene
polymorphism in childhood asthma in the Indian population.
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