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Abstract: Conflicting data have been reported on the association of variants of the beta-2 adrenergic receptor 
(ADRB2) gene with asthma etiology. To provide a scientific basis for the prevention and treatment of asthma, the 
relationship between single nucleotide polymorphisms and haplotypes of ADRB2 and asthma was examined in a 
Chinese Han population. Six loci (base positions -2387, -47, 46, 79, 491, and 523) of ADRB2 were examined in 
a group of individuals with asthma (n = 429) and a control group of individuals who do not have the disease (n = 
483). Polymorphisms at the -47 locus [odds ratio (OR) = 0.789, 95% confidence interval (CI): 0.398~0.961, P < 
0.05) and the 79 locus (OR = 0.788, 95% CI: 0.394~0.948, P < 0.05) and haplotype III (CCGGC; OR = 0.705, 95% 
CI: 0.412~0.973, P < 0.05) were correlated with asthma susceptibility and may affect the incidence of asthma in 
a Chinese Han population by conferring a protective effect. By examining several polymorphisms and haplotypes, 
this study yields a more comprehensive examination of the role of the ADRB2 gene in the pathogenesis of asthma. 
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Introduction 

Bronchial asthma (asthma), a non-specific 
chronic airway inflammatory disease, is one of 
the most common chronic respiratory diseas-
es. Currently, the global prevalence of asthma 
is 1%-18%, with the number of asthma patients 
totaling around 300 million [1], and the inci-
dence of this disease is on the rise. The overall 
prevalence of asthma in China is 1%, but in chil-
dren is up to 3%, with both increasing [2]. As a 
disease with complex clinical symptoms, the 
pathogenesis of asthma is still undefined.

The etiology of asthma is affected by both 
genetic and environmental factors. It is consid-
ered a polygenic disease with significant famil-
ial aggregation propensity. In genetic studies of 
asthma, the beta-2 adrenergic receptor 
(ADRB2) gene has been shown to be an impor-
tant factor linked to the disease. ADRB2, 
mapped to 5q31-32, is a non-intronic gene [3]. 
The expression of the gene product is affected 
by single nucleotide polymorphisms (SNPs) that 

alter the haplotype of ADRB2 [4, 5] and are 
related to the onset of the disease, phenotype, 
nocturnal asthma, and medication reactivity [6, 
7]. However, results from several studies exam-
ining the role of ADRB2 in asthma have yielded 
inconsistent results. Previous research on 
ADRB2 in the Han Chinese population has 
focused primarily on the coding region, with few 
studies examining other loci. In the current 
study, six loci (base positions -2387, -47, 46, 
79, 491, and 523) within the regulatory and 
coding regions of ADRB2 were examined to 
determine the genotypes and haplotypes pres-
ent within the population and, ultimately, inves-
tigate the relationship between ADRB2 haplo-
types and asthma. 

Materials and methods 

Study participants

This is a case-control study comparing individu-
als with asthma with individuals who do not 
have the disease. In the asthma group there 
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Table 1. Allele and genotype distributions of five polymorphic loci of the ADBR2 gene in individuals 
with and without asthma
SNP loci Asthma group [n (%)] Control group [n (%)] P OR (95% CI)
-2387

    Genotype 0.416*
        TT 220 (51.28) 229 (47.41)
        CT 175 (40.79) 207 (42.86) 0.528 0.960 (0.589~1.275
        CC 34 (7.93) 47 (9.73) 0.339 0.903 (0.376~1.562)
        CC + CT 209 (48.72) 254 (53.59) 0.243 0.967 (0.551~1.273)
    Allele
        T 615 (71.68) 665 (68.84)
        C 243 (28.32) 301 (31.16)
-47
    Genotype 0.056*
        TT 357 (83.22) 373 (78.47)
        CT 70 (16.32) 104 (20.70) 0.039 0.784 (0.393~0.915)
        CC 2 (0.47) 6 (0.83) 0.491 0.524 (0.096~2.967)
        CC + CT 72 (16.79) 112 (21.53) 0.031 0.765 (0.375~0.962)
    Allele 0.018 0.789 (0.398~0.961)
        T 784 (91.38) 850 (87.99)
        C 74 (8.62) 116 (12.01)
46
    Genotype 0.398*
        AA 150 (34.97) 153 (31.68)
       AG 209 (48.72) 237 (49.07) 0.915 0.912 (0.497~1.216)
        GG 70 (16.32) 93 (19.25) 0.248 0.820 (0.439~1.169)
        GG + AG 279 (65.04) 330 (68.32) 0.293 0.891 (0.513~1.154)
    Allele 0.179 0.942 (0.598~1.167)
        A 509 (59.32) 543 (56.21)
        G 349 (40.68) 423 (43.79)
79
    Genotype 0.054*
        CC 356 (82.98) 370 (76.60)
        CG 70 (16.32) 107 (22.15) 0.026 0.775 (0.381~0.980)
        GG 3 (0.70) 6 (1.24) 0.408 0.521 (0.091~1.911)
        GG + CG 73 (17.02) 113 (23.39) 0.017 0.771 (0.378~0.942)
    Allele 0.016 0.788 (0.394~0.948)
        C 782 (91.14) 847 (87.68)
        G 76 (8.86) 119 (12.32)
523
    Genotype 0.615*
        CC 209 (48.72) 223 (46.17)
        CA 178 (41.49) 216 (44.72) 0.326 0.899 (0.572~1.283)
        AA 42 (9.79) 44 (9.11) 0.726 0.979 (0.512~1.731)
        AA + CA 220 (51.28) 260 (53.83) 0.442 0.891 (0.589~1.284)
    Allele 0.667 0.958 (0.667~1.273)
        C 596 (69.46) 662 (68.53)
        A 262 (30.54) 304 (31.47)
Note: *Three genotypes in the asthma and control groups were compared in the calculation of P values. n = total number of participants; OR = 
Odds Ratio; CI = confidence interval. 

were 429 asthma participants selected from 
patients hospitalized from September 2012 to 

September 2013. The asthma group comprised 
170 males and 259 females with an average 
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age of 45.15 ± 16.10 years. All of the partici-
pants in the asthma group met the diagnotic 
criteria for asthma described in the Global 
Initiative for Asthma, 2009 [8] and excluded 
the patients with heart, liver, kidney, chronic 
obstructive pulmonary, and other respiratory 
diseases. The asthma patients were divided 
into three groups according to the degree of 
asthma attack experienced: intermittent/mild 
group (203 patients), moderate group (80 
patients), and severe group (146 patients). The 
control group comprised 483 participants 
selected from individuals who received physi-
cal examination at the hospital during the same 
time period and had been confirmed as healthy. 
This control group comprised 221 males and 
262 females with an average age of 43.51 ± 
12.10 years. All 483 participants in the control 
group exhibited no asthma, diabetes, hyperten-
sion, or other diseases. All participants in this 
study were Han people of China without any 
genetic connection. The gender and age distri-
butions of the participants in the asthma group 
and control group were not significantly differ-
ent (P > 0.05). The study was approved by the 
ethics committee of the hospital, and informed 
consent was obtained from all participants. 

DNA extraction

A 4-mL sample of venous blood was collected 
from each participant, and a human blood 
genome extraction kit (Beijing Tiangen 
Biochemistry Co., Beijing, China) was used to 
extract DNA following the kit instructions. 
Extracted DNA was stored at -80°C.

SNP genotyping of target gene

Taqman probes were used for genotyping six 
loci in the regulatory and coding regions of 
ADRB2. Two probes were designed for each 
locus, labeled as FAM and HEX. All Taqman 
probes and primers were designed and synthe-
sized by Takara Biotechnology (Dalian, China). 
The 2× HotTaq@PCR Reaction Mix was provided 
by Nanjing Bio-Technique Co. (Nanjing, China). 
PCR reactions were carried out on an ABI 7500 
PCR system (Applied Biosystems, Foster, CA, 
USA) in 10-μL reactions containing: 5 μL 2× 
HotTaq@PCR Reaction Mix, 20 pmol of each 
upstream and downstream primer, (0.45 μL of 
the FAM primers and 0.25 μL of the HEX prim-
ers), 1 μL DNA, and 2.6 μL ddH2O. The PCR pro-
gram used was an initial pre-read of 1 min fol-

lowed by 40 cycles of denaturation at 95°C for 
10 min, annealing at 95°C for 15 s, and exten-
sion at 60°C for 1 min, and a final post-read of 
1 min. Applied Biosciences SDS 1.4 PCR analy-
sis software (Applied Biosystems, Foster, CA, 
USA) was used for genotype analysis. 

Statistical methods 

SAS9.2 software (SAS, Cary, NC, USA) and the 
SHEsis online platform (http://analysis.bio-x.
cn/myAnalysis.php) were used for statistical 
analysis. The Hardy-Weinberg model was used 
to determine the genotype and allele frequen-
cies of the samples. The averages between the 
two groups were compared using a t-test and 
the comparison of the genotype and allele fre-
quencies at each locus between the two groups 
was performed with a chi-square test. The 
SHEsis online platform was used to compare 
linkage disequilibrium between the loci and 
haplotype frequencies between the two groups. 
P < 0.05 was regarded as statistically signi- 
ficant. 

Results

Comparison of genotype frequency and allele 
frequency at ADRB2 SNP loci  

The genotype frequency and allele frequencies 
of individuals who have asthma were compared 
with individuals who do not have the disease 
using six loci (base positions -2387, -47, 46, 79, 
491, and 523) of ADRB2. Both the asthma 
group and the control group genotype frequen-
cies were consistent with Hardy-Weinberg equi-
librium (P > 0.05). The 491 locus in both groups 
was the wild-type homozygous TT genotype and 
no variant homozygous CC or heterozygous TC 
genotypes were detected. Therefore, the 491 
locus was not included in the statistical analy-
sis. The allele frequency of the C allele (encod-
ing Arg19) at the -47 locus in the asthma group 
was significantly lower than in the control group 
(OR = 0.789, 95% CI: 0.398~0.961, P < 0.05; 
Table 1). Also at this locus, the CT genotype fre-
quency was significantly lower in the asthma 
group compared to the control group (OR = 
0.784, 95% CI: 0.393~0.915, P < 0.05; Table 
1), while the frequency of the CC genotype was 
not significantly different between the two 
groups (OR = 0.524, 95% CI: 0.096~2.967, P > 
0.05; Table 1). When both genotypes carrying 
the C allele were compiled in the CC+CT group 
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Table 2. Linkage disequilibrium of five polymorphic loci of ADRB2 

SNP loci
SNP loci [D’ (r2)]

-47 46 79 523
-2387 0.968 (0.259) 0.169 (0.012) 0.968 (0.259) 0.981 (0.182)
-47 - 0.974 (0.148) 0.980 (0.967) 0.994 (0.052)
46 - - 0.999 (0.155) 0.992 (0.589)
79 - - - 0.994 (0.052)

(Arg19/Arg + Arg19/Cys), the difference be- 
tween the asthma and control groups was sta-
tistically significant, with the asthma group hav-
ing a lower genotype frequency than the control 
group (OR = 0.765, 95% CI: 0.375~0.962, P < 
0.05; Table 1). At the 79 locus the G allele 
(Glu27) frequency in the asthma group was sig-
nificantly lower than that of the control group 
(OR = 0.788, 95% CI: 0.394~0.948, P < 0.05; 
Table 1). Also at the 79 locus, the frequency of 
the CG genotype was significantly lower in the 
asthma group compared to the controls (OR = 
0.775, 95% CI: 0.381~0.980, P < 0.05; Table 
1), while the frequency of the GG genotype was 
not significantly different between the two 
groups (OR = 0.521, 95% CI: 0.091~1.911, P > 
0.05; Table 1). The GG+CG group (Glu27/Glu + 
Gln27/Glu), which includes both genotypes car-
rying the G allele, had a significantly lower fre-
quency in the asthma group than the control 
group (OR = 0.771, 95% CI: 0.378~0.942, P < 
0.05; Table 1). The genotype frequencies and 
allele frequencies at the -2387, 46, and 523 
loci were not significantly different between the 
asthma group and the control group (P > 0.05), 
as shown in Table 1. 

Linkage disequilibrium analysis in five SNP loci 
of the ADRB2 

The SHEsis online platform was used to ana-
lyze the linkage disequilibrium of five SNP loci 
of ADRB2. Two parameters, D’ and r2, were 

used to indicate the degree of linkage disequi-
librium between two loci. There was strong link-
age disequilibrium between the -47 locus and 
79 locus (D’ = 0.980, r2 = 0.967) and between 
the 46 locus and 523 locus (D’ = 0.992, r2 = 
0.589), as shown in Table 2. 

Comparison of the haplotype frequency distri-
bution at five SNP loci of ADRB2

SHEsis online platform analysis of the 5 SNP 
loci in both the asthma and control groups 
found a total of 16 different haplotypes, includ-

asthma group was significantly lower compared 
to the control group (OR = 0.705, 95% CI: 
0.412~0.973, P < 0.05; Table 3). In contrast, 
the frequencies of haplotypes IV (CTACC), IX 
(TTACC), and XI (TTGCA) were not significantly 
different between the two groups (both P > 
0.05), as shown in Table 3. 

Discussion

Genetic studies of asthma have prompted fur-
ther investigation of the relationship between 
gene polymorphisms and asthma. Polymor- 
phisms in the ADRB2 gene have been investi-
gated in asthma, nocturnal asthma, asthma 
severity, serum IgE levels, bronchial hyperreac-
tivity, and other asthma-related phenotypes 
[5-7, 9]. Interestingly, results from these stud-
ies are inconsistent, revealing a need for fur-
ther study of the link between ADRB2 polymor-
phisms and asthma. 

In this study, the relationship between polymor-
phisms and haplotypes of the ADRB2 identified 
several variants and haplotypes associated 
with asthma. Of the six SNP loci (-2387, -47, 46, 
79, 491, 523) investigated in ADRB2, two vari-
ants were significantly associated with the dis-
ease. The C allele at the -47 locus had a protec-
tive effect on the occurrence of asthma. Similar 
results were found for the G allele at the 79 
locus. The results of this study are similar to 
that obtained by two other groups [10, 11]; 
however, some studies have reported that the 
polymorphisms at the 46 locus (corroborated 
by our findings) and 79 locus are not correlated 
with asthma in Chinese adults [12]. Further, 
other studies have reported that the polymor-
phisms at the 46 locus, 79 locus, and 491 
locus are not correlated with onset risk of asth-
ma [13]. Finally, numerous studies have shown 
that ADRB2 polymorphisms are not related to 
the occurrence of asthma, yet one study found 
that a variant at the 46 locus can reduce the 
onset of asthma [14]. The results presented in 
this study suggest that these inconsistencies 

ing 12 haplotypes with frequen-
cy < 0.03 (Table 3) that were not 
included in the statistical analy-
sis. The remaining four common 
haplotypes of the participants in 
this study were haplotype III 
(CCGGC), haplotype IV (CTACC), 
haplotype IX (TTACC), and haplo-
type XI (TTGCA). The frequency 
of haplotype III (CCGGC) in the 
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Table 3. Haplotype analysis of five polymorphic loci of ADRB2

Haplotype
SNP loci

Asthma group [n (%)] Control group [n (%)] P OR (95% CI)
-2387 -47 46 79 523

I C C A G C 0.00 (0.00) 0.10 (0.01) - -
II C C G G A 0.00 (0.00) 0.20 (0.02) - -
III C C G G C 73.70 (8.59) 115.00 (11.90) 0.031 0.705 (0.412~0.973)
IV C T A C C 165.70 (19.3) 184.50 (19.10) 0.948 1.012 (0.695~1.497)
V C T G C C 1.70 (0.20) 0.05 (0.01)   -   -
VI T C G C C 0.00 (0.00) 0.97 (0.10)   -   -
VII T C G G C 0.00 (0.00) 0.97 (0.10)   -   -
VIII T T A C A 0.00 (0.00) 1.93 (0.20)   -   -
IX T T A C C 341.50 (39.80) 345.40 (35.76) 0.097 1.236 (0.882~1.579)
X T T A G C 0.00 (0.00) 0.07 (0.01)   -   -
XI T T G C A 260.10 (30.31) 302.40 (31.30) 0.752 0.961 (0.652~1.275)
XII T T G C C 11.15 (1.30) 13.56 (1.40)   -   -
XIII T T G G A 0.00 (0.00) 0.85 (0.09)   -   -
XIV C C A C C 0.85 (0.10) 0.00 (0.00)   -   -
XV C T G C A 2.45 (0.29) 0.00 (0.00)   -   -
XVI C T G G C 0.85 (0.10) 0.00 (0.00)   -   -

are likely to be because the majority of the 
studies only focus on a single SNP without tak-
ing into account other SNPs. In support of this 
idea, Drysdale et al. [15] showed that the inter-
action of several SNPs in a haplotype can affect 
the physiological reaction and response to 
treatment, and that a single SNP is not suffi-
cient to predict the genetics basis of drug 
response. 

The inconsistencies in the results of these 
studies may also be linked to the different 
research and experimental methods used as 
well as differences in sample size, populations, 
and ethnic groups. Consistent with this idea, 
comparison of the distribution of allele frequen-
cy at the six loci of the ADRB2 gene between 
Chinese Han people and Japanese, African-
American, and Caucasian-American popula-
tions revealed the allele frequency of Chinese 
Han people is similar to that of Japanese and 
African-American populations [16], but signifi-
cantly different from that of Caucasian-
Americans [17]. This indicates that ADRB2 
gene polymorphisms differentially affect asth-
ma in different ethnicities. 

Linkage disequilibrium analysis of 5 of the SNP 
loci in ARDB2 revealed strong linkage disequi-
librium between the -47 locus and the 79 locus 
and between the 46 locus and the 523 locus. 
Further, of the four common haplotypes of par-
ticipants in this study [haplotype III (CCGGC), 
haplotype IV (CTACC), haplotype IX (TTACC), and 

haplotype XI (TTG-CA)], haplotype III was less 
common in the asthma group than in the con-
trol group, suggesting this haplotype may 
reduce susceptibility to asthma, consistent 
with results obtained by Saadi et al. [18]. A 
study by Panebra et al. [5] showed that haplo-
type II-1, which includes the -2387C, 46G, 79G, 
and 523C alleles, is correlated with high expres-
sion of ADRB2 and is consistent with the higher 
ADRB2 expression level of the Drysdale haplo-
type 2 [15]. These findings support the results 
of this study. 

In summary, this analysis of six SNP loci (-2387, 
-47, 46, 79, 491, and 523) in the regulatory and 
coding regions of ADRB2 revealed that variants 
at the -47 locus and 79 locus and that haplo-
type III (CCGGC) are correlated with asthma 
susceptibility in a Chinese Han population. This 
was a more comprehensive study that investi-
gated the role of the ADRB2 gene in the patho-
genesis of asthma by examining several poly-
morphisms and haplotypes, rather than just a 
single polymorphism. 
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