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Influence of ($-adrenergic receptor polymorphism on methacholine
hyperresponsiveness in asthmatic patients

Arvind Manoharan, MBChB; William J. Anderson, MBChB; and Brian J. Lipworth, MD

Asthma and Allergy Research Group, Division of Cardiovascular and Diabetes Medicine, Medical Research Institute, University of Dundee, Dundee, Scotland

ARTICLE INFO ABSTRACT

Background: We previously reported that the §,-adrenergic receptor (ADRB2) polymorphism had no effect
on bronchial hyperresponsiveness (BHR) to methacholine in asthmatic patients. We have now replicated this
analysis in a different and larger cohort of patients.
Objective: To assess the effect of the ADRB2 polymorphism in methacholine-responsive patients with
asthma.
Methods: We conducted a retrospective analysis of the effects of ADRB2 haplotypes at position 16 (Gly/Arg)
and 27(GIn/Glu) in 449 patients with a physician diagnosis of asthma who were responsive to methacholine
(ie, provocation concentration that caused a decrease in forced expiratory volume in 1 second [FEV1] of 20%
[PCy0], <8 mg/mL).
Results: No differences were found in age, FEV;, or inhaled corticosteroid dose among the genotypes or
haplotypes. No significant differences were found in methacholine PCy (ie, <8 mg/mL) between the
separate genotypes at position 16 or 27 or between the haplotypes at positions 16/27 combined. In addition,
no significant differences were found among individual genotypes when stratified according to severity
of BHR using different doubling dilution cutoff points for methacholine PCyg (ie, <4 mg/mL, <2 mg/mL,
and <1 mg/mL).
Conclusion: We have confirmed in this replication study that common ADRB2 genotypes or haplotypes at
positions 16/27 do not influence BHR in methacholine-responsive patients with asthma.
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Introduction in a different and larger cohort of patients with asthma who were
all methacholine responsive as defined by a provocation concen-
tration that caused a decrease in forced expiratory volume in

1 second (FEV7) of 20% (PCyp) less than 8 mg/mL.

Bronchial hyperresponsiveness (BHR) is an excessive response
of the airways to a provoking stimulus. BHR is not pathognomonic
of asthma but is an important feature of asthma that is associated
with underlying inflammation and disease severity."? BHR may be

influenced by genetic and environmental factors.> The gene gov- Methods

erning BHR is located at chromosome 5q31-q33, where the
f,-adrenergic receptor (ADRB2) gene is located.* Because of its role
in the regulation of airway tone, the gene is thought to play a role in
BHR. The 2 most common polymorphisms for the ADRB2 gene occur
because of the substitution of glycine for arginine at position 16 and
glutamate for glutamine at position 27. Both these polymorphisms
are in linkage disequilibrium.’

In a previous report by our group, we found that ADRB2 geno-
types or haplotypes had no effect on BHR to methacholine in
patients with asthma.® We have now replicated the previous study
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Patients

All patients were screened at the Asthma and Allergy Research
Group and had a physician diagnosis of asthma. They were seen for
more detailed assessment before potential participation in subse-
quent clinical research studies. The assessment included details of
medication, skin prick testing, spirometry, methacholine challenge,
and genotyping for the ADRB2 polymorphism. The Tayside
Committee on Medical Research Ethics provided ethical approval
for the screening process, including ADRB2 genotyping, and all
patients gave their written consent.

Methacholine Challenge

Methacholine was dispensed via a nebulized solution (Meth-
apharm Inc, Brantford, Ontario, Canada), and the challenge was
performed in accordance with American Thoracic Society
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guidelines.” A dosimeter (Markos-Mefar, Bovezzo, Italy) was used
with doubling concentrations from 0.03 to 64 mg/mL. The PCy was
then calculated by computer-assisted log linear interpolation of the
dose response.

Spirometry

A SuperSpiro spirometer (Micro Medical Ltd, Chatham, Kent,
England) was used to perform spirometry in accordance with
guidelines.®

Genotyping

A whole blood DNA sample was collected from patients after
written informed consent was specifically given for this. DNA was
prepared with the Qiagen Dneasy 96 kit (Qiagen GmbH, Hilden,
Germany), and genotypes were determined with the Tagman-
based allelic discrimination assays on an ABI7700 sequence
detection system.” For the Gly16Arg variant, the primers and Gly 16
probe were used as previously described,'® and the fluorophore on
the Arg 16 probe was either Cal Orange or VIC.

Skin Prick Testing

Patients withheld antihistamine medication for 4 days before
skin prick testing. This was performed following a standard
protocol (Allegra Pharma Testing Solution; Diagnostics Ltd, Notts,
England) using extracts to grass, trees, weeds, house dust mite,
Aspergillus, feathers, and cat and dog dander in addition to a posi-
tive (histamine) and negative control. Results were read after
10 minutes; a positive reaction being defined as a wheal diameter
2 mm greater than the negative control.

Statistical Analysis

Data for the PCyo were log transformed to normalize their
distribution before analysis. An analysis of variance (ANOVA) was
used to determine whether there was any overall difference
between genotypes and haplotypes for methacholine PCyo and
other outcomes, followed by Bonferroni-corrected pairwise com-
parisons in the presence of an overall significant ANOVA (P < .05,
2-tailed) . Multiple linear regression analysis was performed to
assess predictors for methacholine PCyp. PCyp was used as the
dependent variable, and FEV;, atopy, polymorphism, inhaled
corticosteroid (ICS) dose, and whether the patient was taking
a long-acting (-agonist (LABA) were used as independent variables
in the analysis. IBM SPSS statistical software, version 20 (SPSS Inc,
Chicago, Illinois) was used for all analyses.

Results

A total of 449 participants were genotyped, and a positive
methacholine challenge result was defined as a methacholine PCyg
of less than 8 mg/mL. Overall 323 patients (72%) were taking ICSs,
and 114 (25%) were taking an LABA (Table 1). No significant

Table 1

differences were found between genotypes or haplotypes in terms
of age, ICS dose, FEV4, or atopy (Table 1).

Allele frequencies for both positions were as follows: Gly16,
64.4%; Argl16, 35.6%; Glu27, 44.6%; and GIn27, 55.4%. The genotype
frequencies at position 16 were 11.8% for Arg-Arg, 47.2% for Arg-Gly,
and 41% for Gly-Gly. The genotype frequencies at position 27 were
30.5% for GIn-Gln, 50.1% for GIn-Glu, and 19.4% for Glu-Glu. There
was an unequal distribution of haplotypes, with no participants
having the Arg-Arg/Glu-Glu or the Arg-Gly/GIn-Glu haplotype
(Table 1).

No significant differences were found for methacholine PCyg
among the different genotypes or haplotypes (Table 2). When
comparing the separate genotypes at position 16 and 27, no
significant differences were found in PCyg either. Each genotype
was also stratified according to the severity of BHR using
different doubling dilution cutoff points for methacholine PCyq
(ie, <8 mg/mL, <4 mg/mL, <2 mg/mL, and <1 mg/mL), which did
not reveal any significant differences between the genotypes at
positions 16 or 27 (Tables 3 and 4).

Further subgroup analysis according to treatment (ie, no treat-
ment, taking an ICS only, taking an LABA only, and taking both an
ICS and LABA) did not reveal any significant difference in terms of
methacholine PCyp among the different haplotypes. Subdividing
the cohort into atopic and nonatopic individuals, we could not
demonstrate any significant difference for methacholine PCyg
among the different haplotypes. The only independent predictor
for methacholine PC,q from the multiple linear regression was FEV4
(P <.001).

Discussion

The results of this study demonstrated no association between
common ADRB2 genotypes or haplotypes at position 16 and 27 and
BHR in a population of asthmatic patients, all of whom were
methacholine responsive. It therefore confirms the previous find-
ings of Wilson et al® in a different and smaller cohort, which
included asthmatic patients who were responders or nonre-
sponders to methacholine. In this regard the cohort of Wilson et al
had 265 BHR-positive (ie, PCyp <8 mg/mL) asthmatic patients
compared with the current cohort, which has 449 BHR-positive
asthmatic patients.

In the present study, the 4 most common haplotypes at 16/27
were Arg-Gly/GIn-Glu (32%), Gly-Gly/Glu-Glu (19%), Gly-Gly/GIn-
Glu (17%), and Arg-Gly/GIn-GIn (15%) (Table 1). These haplotype
frequencies are similar to the haplotype frequencies reported in
previous studies.>® We did not identify any patients with the Arg-
Arg/Glu-Glu or Arg-Gly/Glu-Glu haplotype. Both these haplotypes
are exceedingly rare because of known linkage disequilibrium.’

Previous studies have investigated the relationship between the
ADRB2 polymorphism and BHR in mainly healthy participants in
contrast to our studies. These studies have sought to focus on BHR
as an independent trait and not within the context of a known

Characteristics of the participants with a methacholine challenge result of less than 8 mg/mL for the different haplotypes

Characteristic

Arg-Arg/GIn-Gln Arg-Arg/GIn-Glu Arg-Gly/GIn-GIn Arg-Gly/GIn-Glu Gly-Gly/GIn-GIn Gly-Gly/GIn-Glu Gly-Gly/Glu-Glu Total

No. (%) of patients 48 (10.7) 5(1.1) 69 (15.3)
Age, mean (SEM), y 45 (2.2) 45 (1.0) 44 (1.8)
Taking an ICS, No. (%) 31 (65) 4 (80) 51 (64)

ICS dose, median 400 (200-3,200) 400 (400-1,600) 400 (200-4,000)

(range), ug
Taking an LABA, No. (%) 7 (15) 2 (40) 22 (32)
FEV;, mean (SEM), L 2.98 (0.1) 3.10 (0.4) 2.62 (0.1)
FEV;, mean (SEM), 85.7 (2.5) 86.6 (8.0) 83.6 (2.1)
% predicted
Positive SPT result, No. (%) 41 (85) 4 (80) 57 (83)

143 31.8)

2.70 (0.1)
87.4(1.4)

84 (59)

( 20 (4.5) 78 (17.4) 86 (19.2) 449 (100)
46 (1.3) 45 (3.4) 46 (1.7) 45(1.6) 45 (0.7)
(73) 16 (80) 57 (73) 9 (69) 323 (72)
400 (200-2,000) 400 (200-1,000) 400 (50-2,000) 400 (200-2,000) 400 (50-4,000)
31 (22) 6 (30) 23 (29) 20 (23) 111 (25)
2.75 (0.2) 2.75 (0.1) 2.98 (0.1) 2.81 (0.04)
86.7 (3.9) 85.3 (1.9) 87.5(1.8) 85.9 (0.8)
15 (75) 70 (90) 67 (78) 338 (75)

Abbreviations: FEV, forced expiratory volume in 1 second; ICS, inhaled corticosteroids; LABA, long-acting $-agonist; SPT, skin prick test.
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Table 2
Geometric mean for methacholine PCyg according to haplotype

No. of patients  Methacholine PCy, geometric mean (95% CI)

0.66 (0.44-0.99)
1.17 (0.74-1.87)
0.45 (0.33-0.62)
0.67 (0.52-0.85)
0.64 (0.23-1.80)
0.56 (0.40-0.78)
0.76 (0.57-1.01)
0.63 (0.55-0.72)

Haplotype

Arg-Arg/GIn-Gln 48
Arg-Arg/GIn-Glu 5
Arg-Gly/GIn-Gln 69
Arg-Gly/GIn-Glu 143
Gly-Gly/GIn-GIn 20
Gly-Gly/GIn-Glu 78
Gly-Gly/Glu-Glu 86
Total 449

Abbreviations: CI, confidence interval; PCyq, provocation concentration that caused
a decrease in forced expiratory volume in 1 second of 20%.

diagnosis of asthma. This is an important point to take into
consideration when interpreting the findings of prior studies,
which have not been able to demonstrate consistent findings and
frequently yielded contradictory results. For example, studies by
D’'Amato et al'! and Ulbrecht et al,'? examined the association of
BHR and ADRB2 haplotypes in healthy populations but came to
conflicting conclusions. Whereas D’Amato et al found that the
ADRB2 haplotype Gly16/GIn27 was associated with BHR, Ulbrecht
et al came to the opposite conclusion that the Gly16/GIn27/Th164
haplotype had a protective effect against BHR. The studies by
D’Amato et al and Ulbrecht et al only had 30 and 152 individuals,
respectively, who were defined as being BHR positive compared
with this study, which has 449 BHR-positive asthmatic patients.
Studies have also investigated the ADRB2 polymorphisms at
position 16 and 27 individually and not as haplotypes with regard to
their effect on BHR. As in the previous haplotype studies, results have
not been consistent. Fukui et al,'® in a study of 120 healthy Japanese
students, found that Gly16 homozygotes were more responsive to
methacholine than individuals with the Arg16 allele. Fowler et al'4
made a similar observation in 158 asthmatic patients. Hall et al'®
concluded that the Glu27 polymorphism was associated with
lower airway reactivity based on a study in 65 asthmatic patients.
Hence, in addition to analyzing our data according to haplotypes,
we also analyzed the genotypes at position 16 and 27 individually
but still failed to demonstrate any association between the poly-
morphisms and BHR, despite looking at different PCyy doubling
dilution cutoff values. This would be in keeping with the compre-
hensive meta-analysis of the association of ADRB2 polymor-
phisms with asthma phenotypes by Contopoulos-loannidis et al.'®

Table 3

Analysis of genotype at position 16 stratified according to bronchial hyper-
responsiveness severity using different doubling dilution cutoff points for meth-
acholine PCyg

Genotype at position 16 No. of patients Methacholine PC,p, geometric

mean (95% CI)

PCyo <8 mg/mL

Arg-Arg 53 0.70 (0.48-1.01)

Arg-Gly 212 0.59 (0.48-0.71)

Gly-Gly 184 0.66 (0.53-0.82)
PCy0 <4 mg/mL

Arg-Arg 47 0.53 (0.37-0.74)

Arg-Gly 194 0.48 (0.40-0.57)

Gly-Gly 158 0.46 (0.37-0.57)
PCy0 <2 mg/mL

Arg-Arg 40 0.39 (0.37-0.74)

Arg-Gly 164 0.34 (0.40-0.57)

Gly-Gly 134 0.34 (0.37-0.57)
PCy <1 mg/mL

Arg-Arg 31 0.27 (0.20-0.37)

Arg-Gly 135 0.25(0.21-0.30)

Gly-Gly 110 0.25 (0.20-0.30)

Abbreviations: CI, confidence interval; PC,o, provocation concentration that caused
a decrease in forced expiratory volume in 1 second of 20%.

Table 4

Analysis of genotype at position 27 stratified according to bronchial hyper-
responsiveness severity using different doubling dilution cutoff points for meth-
acholine PCyo

Genotype at position 27 No. of patients Methacholine PC;o geometric

mean (95% CI)

PCy0 <8 mg/mL

GIn-Gln 137 0.54 (0.42-0.70)

GIn-Glu 225 0.64 (0.53-0.77)

Glu-Glu 87 0.76 (0.57-1.01)
PCy0 <4 mg/mL

GIn-Gln 127 0.45 (0.35-0.57)

GIn-Glu 198 0.47 (0.39-0.56)

Glu-Glu 74 0.54 (0.41-0.71)
PCy0 <2 mg/mL

GIn-GIn 106 0.31 (0.24-0.40)

GIn-Glu 170 0.35 (0.30-0.42)

Glu-Glu 62 0.40 (0.31-0.52)
PCy0 <1 mg/mL

GIn-GIn 89 0.23 (0.18-0.30)

GIn-Glu 138 0.25(0.21-0.30)

Glu-Glu 49 0.28 (0.22-0.36)

Abbreviations: CI, confidence interval; PCy, provocation concentration that caused
a decrease in forced expiratory volume in 1 second of 20%.

However, the authors of this study noted that the Gly16 allele,
particularly the homozygotes, had increased risk of nocturnal
asthma and asthma severity.

It is possible that the effect of the ADBR2 polymorphism on BHR
may have been modified by prior asthma treatment. In our present
study, 72% of the participants were taking an ICS, and 25% were
taking an LABA. In this regard, meta-analysis has revealed that both
ICSs and LABAs attenuate BHR."”!® In a group of 375 asthmatic
patients, Rebordosa et al'® observed that there was an increased risk
of BHR among asthmatic patients who were homozygotes for the
Arg16 allele compared with Gly16 homozygotes,'® with the risk
being higher among nonusers of ICSs. The risk was no different
among the genotypes whether the patient were taking an LABA or
not. These results, however, contradict the findings of a prospective
genotype stratified trial,?® where adding salmeterol (compared with
placebo) to an ICS conferred significant bronchoprotection against
methacholine in Gly16 homozygotes but not Arg16 homozygotes.
Similar genotype-dependent differences in additive effects of LABAs
on BHR have been reported in a meta-analysis by Lee et al.?!

The ADRB2 polymorphisms at position 16 and 27 are known to
be in linkage disequilibrium. Thus, haplotype analysis might be
expected to have greater power in demonstrating associations with
specific phenotypes compared with analysis of individual poly-
morphisms. For example, Drysdale et al® found that although there
was no association when polymorphisms were analyzed individu-
ally, there was a clear association between one of the common
haplotypes and $-agonist responders in vivo. Litonjua et al*? found
that the Gly16/Glu27 haplotype was negatively associated with BHR
in nonsmokers, whereas this association was not apparent when
the ADRB2 polymorphisms at position 16 and 27 were analyzed
separately. However, Lipworth et al*> did not find any association
between common ADRB2 haplotypes and ex vivo ADRB2 binding
density and coupling in peripheral blood mononuclear cells.

In conclusion, we have confirmed in this replication study
of a larger cohort of patients that ADRB2 genotype and haplotype
16/27 does not have an effect on BHR in methacholine-responsive
patients with asthma.
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