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Abstract. The aim of the present study was to explore the
associations of genetic variants in the ADAM33 and TGF-31
genes with the risk of childhood asthma. A total of 299 asth-
matic children and 311 healthy controls were recruited in the
hospital-based case-control study. The asthmatic subjects
were further divided into mild and severe groups according to
disease severity. Single-nucleotide polymorphisms (SNP) at
ADAM33 V4,T2,S2 and T1, and TGF-1 C-509T and T869C
were selected and detected with PCR-RFLP. The associations
of the SNPs with asthma risk and severity were analyzed.
The associations between the haplotypes of ADAM33 and
TGF-p1 were also evaluated. Compared with the GG geno-
type, the GC and CC genotypes at V4 were associated with
an increased asthma risk in children and the ORs were 2.92
and 10.56, respectively. Compared with the CC genotype, the
CT/TT genotype at C-509T was associated with an increased
asthma risk and the OR was 2.26. Subsequent to stratification
by asthma severity, compared with the V4 GG genotype, it
was found that the CG and CC genotypes were associated
with a mild asthma risk and the ORs were 3.00 and 5.99,
respectively. The SNP at C-509T (CT/TT vs. CC) was asso-
ciated with mild asthma (OR=2.34), whereas a marginally
significant association was detected between the SNP (CT/
TT vs. CC) and severe asthma risk (OR=2.19). The haplotype
analysis revealed that, compared with the GGCA haplotype
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of ADAM33, significant associations of the haplotypes of
CGCG, CGGA, GACA, GACG and GAGA with asthma risk
were observed, and the ORs were 31.12, 12.24, 4.73, 30.85
and 4.83, respectively. No significant association was detected
between the TGF-f31 haplotypes and asthma risk. The genetic
variants at V4 and C-509T had the potential to modify the
childhood asthma risk and the associations showed no notable
difference with the disease severity. Thus, ADAM33 haplo-
types provided more useful information in the prediction of
asthma risk.

Introduction

Asthma is the most frequent chronic respiratory disease
during childhood and asthma exacerbation is a main cause
of child morbidity and hospitalization (1). Epithelial damage,
smooth muscle hyperplasia and increased matrix deposition
are significant characteristics of the asthmatic airways that are
considered to contribute to airway remodeling and responsive-
ness (2). Asthma is a complex disorder with variable clinical
and physiological presentations, in which genetics and the
environment interact to modify the susceptibility to and the
severity of the disease (3-5). Accumulating evidence has shown
that genetic factors are involved in the initiation and develop-
ment of asthma, including a disintegrin and metalloproteinase
domain 33 (ADAM33). ADAM33 was confirmed to be asso-
ciated with bronchial hyperresponsiveness and asthma (6).
Findings of previous studies have shown that several SNPs in
the ADAM33 gene are significantly associated with the asthma
risk in various populations, including the Han Chinese (7-9).
Studies carried out in certain countries, including America,
Germany and Japan, showed that genetic variants in ADAM33
were associated with a childhood asthma risk (10-12).
Transforming growth factor-p1 (TGF-f1) plays key roles
in certain pathological and physiological processes, including
asthma. TGF-f1 is located at chromosome 19q13.1-13.2 and
has been cloned and sequenced (13,14). TGF-f1 is a multifunc-
tional cytokine and functions by binding to its type I and II
receptors to exert a number of biological effects, including
anti-inflammatory activities (15,16). Genetic variants in the
TGF-p1 gene have been confirmed and significant associations
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Table I. Primer sequences and enzymes used for PCR-RFLP analysis.

rs number Primer sequences PCR products (bp) Enzyme

152787094 5'-AGGTGTAGCACTGGGATTGG-3' 247 Pstl
5'-GTCCTGGGAGTCTGGTGTGT-3

1r$2280090 5-ACTCAAGGTGACTGGGTGCTGC-3' 132 Hinfl
5'-GCCCCACAGCCACTGGAGAG-3'

1s528557 5'-GGAACCGCAGGAGTAGGCTC-3' 289 Kasl
5-TGTGCAGGCTGAAAGTATGC-3'

1s2280091 5'-GCATAGGGGACTCAAGGTGACTG-3' 270 Ncol
5'-TGCTGCGGGGAGGCAATAAC-3'

rs1800469 5-CCGCTTCTGTCCTTTCTAGG-3' 406 Eco811
5-AAAGCGGGTGATCCAGATG-3'

rs1982073 5'-TCCGGGCTGCGGCTGCAGC-3' 248 Pvull

5-TCGCGGGTGCTGTTGTACA-3'

PCR-RFLP, polymerase chain reaction restriction fragment length polymorphism; bp, base pair.

between specific SNPs and asthmatic phenotype have been
reported by previously conducted studies (17-19).

ADAM33 and TGF-f1 have been previously shown to be
involved in the initiation and development of asthma (20-23).
However, the associations between the genetic variants in the
genes involved in child asthma risk in a Chinese population
remain to be verified, particularly as the interactions between
ADAM33 and TGF-f1 with a multi-SNP combination on
asthma risk are currently unclear. In the present study, the
SNPs at ADAM33 V4, T2,S2 and T1, and TGF-f1 C509T and
T869C were detected and their associations with child asthma
risk were evaluated in a Chinese population.

Materials and methods

Study subjects. A total of 299 asthmatic children were
recruited from the Department of Respiratory Medicine and
Pediatric Inpatient and Outpatient at The First Affiliated
Hospital of Xinxiang Medical University (Xinxiang, Henan,
China) between March 2010 and October 2012. The partici-
pants included 166 males and 133 females aged 3.1-14.6 years
who were in line with the global initiative for asthma (24).
The asthmatic patients were further divided into the mild and
severe groups, comprising 171 and 128 patients, respectively.
In total, 311 patients with no personal or family history of
asthma and allergies and did not suffer from non-respiratory
diseases (including eczema, allergic rhinitis and atopic
dermatitis) during the same period were enrolled into the
control group. A structured questionnaire was adopted and
information, including social-demographic characteristics
and diagnosis of the disease, was collected. All the subjects
were confirmed to be Chinese Han children from the North
of Henan. Written informed consent was provided by each
parent or legal guardian of the participant. Each participant
provided a 2-3 ml venous blood sample following an inter-
view, which was subsequently treated with EDTA Na, and
stored at -80°C.

Genomic DNA isolation and genotype detection. The study
design was approved by the Ethics Committee of the Xinxiang
Medical University. Genomic DNA in lymphocytes was
isolated with the DNA Extraction kits (Sangon Biotech Co.,
Ltd., Songjiang, Shanghai, China) according to the manufac-
turer's instructions. The DNA samples were diluted to 100 ng/
1 and stored at -80°C.

Mutation rates of rs2787094, rs2280090, rs528557,
1r$2280091, rs1800469 and rs1982073 and the gene sequences
covering the SNPs were obtained from an online database
(http://www.ncbi.nlm.nih.gov/SNP/). The primers of six SNPs
were designed with Primer Premier software (Premier Biosoft
International, Palo Alto, CA, USA), and synthesized by Sangon
Biotech Co., Ltd. The primer sequences for the genotype
detection of each SNP, and the restriction enzymes used in
the study are shown in Table I. PCR was performed in a 25 ul
volume, containing 60 ng DNA, 2.5 1 10X buffer, 1.8 ul MgCl,
(25 mmol/l), 2.5 ul dNTPs, 1 ul of each primer, 0.7 units Taq
polymerase and double-distilled water. PCR was carried out
under the following conditions: 95°C for 5 min, followed by
95°C for 30 sec, 56°C for 30 sec, 72°C for 40 sec for 35 cycles,
and 72°C for 10 min. The PCR products were subsequently
stored at 4°C. The enzyme digestion that followed utilized
10 p1 of the PCR product and the reactions were performed
in a final volume of 30 pl containing >3 units of each enzyme
and incubated for >6 h at temperatures provided by the manu-
facturers. The digested PCR products were then separated in
2.0% agarose gels containing 1 yg/ml ethidium bromide and
analyzed by the GelDoc-It 310 Imaging System (Ultra-Violet
Products Ltd., Upland, CA, USA).

Statistical analysis. Data were presented as means + SD.
The means of multiple groups were compared with one-way
analysis of variance, while those between two groups were
compared with an independent t-test. The genotype-specific
odds ratios (OR), 95% confidence intervals (95% Cls) and
P-values were computed with unconditional logistic regres-
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Table II. Social-demographic characteristics of the subjects.

Cases (N2=299), n (%)

Controls
Variables (N1=311),n (%) Mild asthma Severe asthma F/y? P-value
Age (mean + SD) 10.4+2.9 10.6+2.7 10.5+2.6 0.158 0.854
Gender
Male 175 (56.3) 95 (55.6) 71 (55.5)
Female 136 (43.7) 76 (44 4) 57 (44.5) 0.035 0.852
FEV1 (% of predicted) 102.4+9.1 88.4+12.1 67.2+15.3 3.797 0.043

SD, standard deviation; FEV1, forced expiratory volume in one second.

Table III. Associations between genetic variants and asthma risk.

Controls (N=311), Cases (N=299), Adjusted ORs Adjusted

Genotypes n (%) n (%) (95% Cls) P-value
ADAM33 (V4)

GG 214 (68.8) 130 (43.5) 1.00

GC 84 (27.0) 136 (45.5) 2.92 (1.46-5.85) 0.003*

CC 13 (4.2) 33 (11.0) 10.56 (2.17-51.67)* 0.004*
ADAM33 (T2)

GG 259 (83.3) 185 (61.9) 1.00

GA 48 (15.4) 92 (30.8) 1.82 (0.86-3.85) 0.116

AA 4(1.3) 22 (7.3) 3.49 (0.64-19.0) 0.147
ADAM33 (S2)

CcC 158 (50.8) 131 (43.8) 1.00

CG 114 (36.7) 133 (44.5) 1.34 (0.71-2.55) 0.367

GG 39 (12.5) 35 (11.7)
ADAM33 (T1)

AA 229 (73.6) 144 (48.2) 1.00

AG 71 (22.9) 123 (41.1) 1.61 (0.78-3.33) 0.197

GG 11 (3.5) 32 (10.7) 1.31 (0.31-5.51) 0.713
TGF-p1 (T869C)

TT 110 (35.4) 117 (39.1) 1.00

CT 147 (47.3) 144 (48.2) 0.82 (0.42-1.59) 0.552

CcC 54 (17.3) 38 (12.7) 2.29 (0.77-6.82) 0.139
TGF-B1 (C-509T)

CcC 136 (43.7) 79 (26.4) 1.00

CT 134 (43.1) 160 (53.5) 2.61 (1.32-5.19) 0.006*

TT 41 (13.2) 60 (20.1) 1.41 (0.52-3.83) 0.498

CT/TT 175 (56.3) 220 (73.6) 2.26 (1.19-4.30)* 0.013*

*Adjusted for gender. OR, odds ratio; CI, confidence interval.

sion, and gender (as dichotomous variables) was included in  using R software version 2.15 (Developed by R Core Team,
the regression as a covariate. The statistical analyses were ~ Vienna, Austria and improved by MathSoft company,
performed with SPSS version 13.0 (SPSS, Inc., Chicago, Cambridge, MA, USA), and the ORs and 95% CIs were also
IL, USA). In addition, the associations of the ADAM33 and  estimated. P<0.05 was considered to indicate a statistically
TGF-p1 haplotypes with the risk of asthma were assessed  significant difference and all P-values are two-sided.
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Table I'V. Associations between genetic variants with mild and severe asthma risk.
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Controls, Mild asthma Adjusted Severe asthma Adjusted
(N=311) (N=171) ORs Adjusted (N=128) ORs Adjusted

Genotypes n (%) n (%) (95% CI) P-values n (%) (95% CI) P-values
ADAM33 (V4)

GG 214 (68.8) 76 (44 .4) 1.00 55 (43.0) 1.00

GC 84 (27.0) 79 (46.2) 3.00 (1.29-6.87)* 0.011* 57 (44.5) 2.77 (1.15-6.66)* 0.023*

CC 13 (4.2) 16 (9.4) 5.99 (0.91-39.69)* 0.063" 16 (12.5) 8.32(3.31-101.29)* 0.001*

GC/CC 97 (31.2) 95 (55.6) 3.19 (1.41-7.21)* 0.005* 73 (57.0) 3.81 (1.67-8.71)* 0.002*
ADAM33 (T2)

GG 259 (83.3) 115 (67.3) 1.00 71 (554) 1.00

GA 48 (15.4) 43 (25.1) 1.48 (0.57-3.81) 0417 49 (38.3) 2.17 (0.89-5.26) 0.088

AA 4(1.3) 13 (7.6) 394 (0.62-25.18)  0.147 8(6.3) 3.16 (0.40-25.00) 0.275
ADAM33 (S2)

CcC 158 (50.8) 81 (47.4) 1.00 49 (38.3) 1.00

CG 114 (36.7) 76 (44.4) 1.96 (0.85-4.55) 0.116 57 (44.5) 0.92 (0.42-2.00) 0.827

GG 39 (12.5) 14 (8.2) 22 (17.2)
ADAM33 (T1)

AA 229 (73.6) 81 (474) 1.00 63 (49.2) 1.00

AG 71 (22.9) 79 (46.2) 1.73 (0.73-4.10) 0.216 44 (34 4) 1.43 (0.57-3.56) 0.444

GG 11 (3.5) 11 (6.4) 0.65 (0.70-6.10) 0.706 21 (16.4) 2.03 (0.42-9.80) 0.381
TGF-f1 (T869C)

TT 110 (35.4) 65 (38.0) 1.00 52 (40.6) 1.00

CT 147 (47.3) 89 (52.0) 1.09 (0.48-2.48) 0.829 54 (42.2) 0.56 (0.24-1.33) 0.187

CC 54 (17.3) 17 (10.0)  2.18 (0.57-8.34) 0.255 22 (17.2) 2.17 (0.62-7.65) 0.227
TGF-p1 (C-509T)

CcC 136 (43.7) 46 (26.9) 1.00 33 (25.8) 1.00

CT 134 (43.1) 92 (53.8) 2.73(1.16-6.42)" 0.022* 68 (53.1) 2.56 (1.09-5.99)* 0.031*

TT 41 (13.2) 33(19.3) 1.49 (0.43-5.09) 0.529 27 (21.1) 1.27 (0.34-4.66) 0.723

CT/TT 175(56.3)  125(73.1)  2.34 (1.05-5.24)* 0.038* 95 (74.2) 2.19 (0.98-4.93)* 0.058*

*Adjusted for gender. OR, odds ratio; CI, confidence interval.

Results

Social-demographical characteristics. In the present study,
299 cases, including 171 patients suffering from mild asthma
and 128 suffering from severe asthma, and 311 controls were
recruited. As shown in Table II, no significant difference was
detected in terms of gender and age between the control and
case groups. The forced expiratory volume in one second
(FEV1) of the mild asthma patients (88.4+12.1 1/sec) was
higher than that of the severe patients (67.2+15.3 1/sec).

Associations of genetic variants with asthma risk.
Associations between the genetic variants and asthma risk are
shown in Tables III and IV. Table III shows that the SNPs at
V4 (1s2787094) of ADAM33 and TGF-f1 C509T (rs1800469)
were associated with an increased asthma risk. Compared
with the V4 GG genotype carriers, increased susceptibilities to
asthma for the GC and CC carriers were detected and the ORs
were 2.92 (95% CI, 1.46-5.85) and 10.56 (95% CI, 2.17-51.67),
respectively. Compared with the rs1800469CC genotype, an

increased susceptibility for the CT/TT genotype carriers to
asthma was observed and the OR was 2.26 (95% CI, 1.19-4.30).
No significant association was detected between the remaining
SNPs and asthma risk.

In Table TV, the SNP at V4 of ADAM33 (rs2787094) was
found to be associated with mild and severe asthma risk.
Compared with the GG genotype carriers, increased suscep-
tibilities to mild and severe asthma for those carrying the GC/
CC genotype was detected and the ORs were 3.19 (95% ClI,
1.41-7.21) and 3.81 (95% CI, 1.67-8.71). The SNP at TGF-f1
C509T (CT/TT vs. CC) was associated with an increased mild
asthma risk (OR, 2.34; 95% CI, 1.05-5.24) and a marginally
significant association between the SNP and severe asthma
risk was detected (OR, 2.19; 95% CI, 0.98-4.93).

Associations between haplotypes and asthma risk.
Associations between the ADAM33 haplotypes and asthma
risk are shown in Table V. The GGCA haplotype at V4, T2,S2
and T1 of ADAM33 was found to be most frequent and was
regarded as a reference. Compared with the GGCA haplo-
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Table V. Associations of ADAM33 haplotypes and asthma risk.

Frequencies ORs

V4 T2 S2 TI (%) (95% CI)* P-value
G G C A 35.98 1.00 (Reference)

cC G C A 8.93 120 (041-348)  0.737
cC G C G 4.49 31.12 (4.79-202.31) 0.000
cC G G A 5.70 12.24 (3.58-41.92)  0.000
G A C A 444 473 (1.35-16.50)  0.016
G A C G 3.78 30.85 (4.92-193.55) 0.000
G A G A 2.77 4.83 (1.09-21.40) 0.040
G G C G 9.29 1.81(0.69-4.73)  0.227
G G G A 16.31 1.31(0.61-2.81) 0487
- - - - 8.31° 1.95(0.77-494)  0.161

*Adjusted for gender; "Merged frequency of the haplotypes frequen-
cies <2.5%. OR, odds ratio; CI, confidence interval.

Table VI. Associations of TGF-f1 haplotypes with asthma
risk.

T869 509  Frequencies OR (95% CI)* P-value
T T 0.368 1.00 (Reference)

T C 0.240 1.51 (0.85-2.65) 0.158
C T 0.229 0.76 (0.42-1.38) 0.365
C C 0.163 1.39 (0.81-2.38) 0.228

*Adjusted for gender. OR, odds ratio; CI, confidence interval.

type carriers, an increased risk for those with CGCA, CGCG,
CGGA, GACA, GACG and GAGA haplotypes was detected
and the ORs were 1.20 (95% CI, 0.41-3.48), 31.12 (95% CI,
4.79-202.31), 12.24 (95% CI, 3.58-41.92), 4.73 (95% CI,
1.35-16.50), 30.85 (95% CI, 4.92-193.55) and 4.83 (95% ClI,
1.09-21.40), respectively. However, the associations of the
GG, CG and GGGA haplotypes with asthma risk were not
significant.

Associations of the TGF-B1 haplotype at T869C and
T509C are shown in Table VI. The TT haplotype was the
most frequent and compared with the haplotype, no significant
association of the TC, CT or CC haplotype with asthma risk
was detected.

Discussion

Asthma is a common chronic respiratory disease, with
>155 million patients suffering from the disease world-
wide (25). Bronchial asthma is a complex disease and finding
the main factors that are involved in the pathogenesis of
asthma is useful, in order to identify the genetic variants
that are involved in asthma risk. The validated genetic vari-
ants are useful in identification of the individuals that have a
high asthma risk and this could provide more information for
disease prevention. Therefore, the associations of each single
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SNP, and the TGF-f1 and ADAM33 haplotypes with asthma
risk were evaluated among Chinese children in the present
study.

The ADAM33 gene is located on chromosome 20p13, and
initially there were 37 SNPs identified (6). The first studies
on the associations between ADAM33 polymorphisms and
asthma risk were carried out among Caucasian populations
in the United Kingdom and the USA. However, the conclu-
sions of the majority of those studies were inconsistent (?).
Previous studies reported that the genetic variants in
ADAM33 were associated with an increased susceptibility
to asthma in Thai (26), Colombia (8) and Indian popula-
tions (27). By contrast, no significant association was found
between asthma and ADAM33 in Puerto Rican, Mexican (28)
and Korean populations (29). The studies may have been
affected by sample sizes, heterogeneity of populations and
various environmental factors. Subsequent to the cases being
divided into mild and severe asthma groups according to
disease severity, associations of the SNPs and haplotypes of
ADAM33 and TGF-f1 with asthma risk were analyzed in the
present study. The SNPs of rs2787094 at ADAM33 V4 and
rs1800469 at TGF-B1C-509T were found to be associated
with an increased asthma risk and the ADAM33 haplo-
types were useful in predicting the individuals with a high
asthma risk.

TGF-P1 is a multifunctional cytokine that has the poten-
tial to inhibit T-cell activity by regulating cell proliferation,
and as a result reduce the asthma onset (30,31). On the other
hand, previous studies have indicated that epithelial fibrosis
is one of the principle features in airway remodelling in
asthma initiation and development, and could be enhanced
in a number of patients (32). Numerous studies have
revealed that TGF-f31 C-509T and T869C polymorphisms
are associated with an increased TGF-f1 production.
Burton ef al (33) reported that the -509T allele was associated
with increased transcriptional activity of TGF-f1 compared
with the -509C allele. In addition, the polymorphism has
been confirmed to be associated with asthma risk (34) and
severity (35). The T869C polymorphism, which could result
in a leucine to proline substitution, was found to be associ-
ated with increased TGF-$1 mRNA and production level
in peripheral blood mononuclear cells (36). In their study,
de Faria et al (5) also revealed that the T869C polymor-
phisms may be involved in the modulation of asthma. In
the present study, the -509T allele frequency was observed
to be significantly higher in the asthma group compared
with the controls, and the CC genotype of C-509T carriers
in the asthmatic groups were significantly different from
the control group, indicating a possible association of this
SNP with asthma. For the SNP T869C, the difference in
genotype and allelic frequency was significant between the
asthmatic group and controls. The conclusion was consis-
tent with a previous study by Wisniewski er al (37).

Asthma is a chronic respiratory disease that could be
affected by a complex genetic background, and multiple genes
have been involved in its development through modified gene
expressions and functions. Accumulating evidence (38-41) has
indicated that ADAM33 and TGF-f contribute to the biogen-
esis of asthma, and certain genetic variants in ADAM33 and
TGF-p1 were found to be responsible for the modified child-
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hood asthmarisk in the present study. The ADAM33 haplotypes
may be useful and effective biomarkers in predicting asthma
risk. However, the sample size of the study is the main limita-
tion and further studies with larger sample sizes are necessary
to verify the conclusion of the study.
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