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Abstract

Background: Evidence suggests that variation in the length of the poly-C repeat in the 3′ untranslated region (3′UTR)
of the β2-adrenergic receptor gene (ADRB2) may contribute to interindividual variation in β-agonist response. However,
methodology in previous studies limited the assessment of the effect of sequence variation in the context of poly-C
repeat length. The objectives of this study were to design a novel genotyping method to fully characterize sequence
variation in the ADRB2 3′UTR poly-C repeat in asthma patients treated with inhaled corticosteroid and long-acting
β2-adrenergic agonist (ICS/LABA) combination therapy, and to analyze the effect of the poly-C repeat polymorphism
on clinical response.

Methods: In 2,250 asthma patients randomized to treatment with budesonide/formoterol or fluticasone/salmeterol in
a six-month study (AstraZeneca study code: SD-039-0735), sequence diversity in the ADRB2 poly-C repeat region was
determined using a novel sequencing-based genotyping method. The relationship between the poly-C repeat
polymorphism and the incidence of severe asthma exacerbations, and changes in pulmonary function and asthma
symptoms from baseline to the average during the treatment period, were analyzed.

Results: Poly-C repeat genotypes were assigned in 97% (2,192/2,250) of patients. Of the 13 different poly-C repeat
alleles identified, six alleles occurred at a frequency of >5% in one or more population in this study. The repeat length
of these six common alleles ranged from 10 to 14 nucleotides. Twelve poly-C repeat genotypes were observed at a
frequency of >1%. No evidence of an association between poly-C repeat genotype and the incidence of severe
asthma exacerbations was observed. Patients’ pulmonary function measurements improved and asthma symptoms
declined when treated with ICS/LABA combination therapy regardless of poly-C repeat genotype.

Conclusions: The extensive sequence diversity present in the poly-C repeat region of the ADRB2 3′UTR did not predict
therapeutic response to ICS/LABA therapy.
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Background
Results from studies in patients with asthma have shown
considerable variation in the therapeutic response to
β2-adrenergic agonists [1-3], which may be associated
with genetic variation in the β2-adrenergic receptor gene
(ADRB2) [4-7]. In some studies, a difference in clinical
response to short-acting β2-adrenergic agonist (SABA)
and long-acting β2-adrenergic agonist (LABA) therapies
has been observed in asthma patients with specific
ADRB2 genotypes [8-11]. Recent pharmacogenetic ana-
lyses have shown no effect of ADRB2 variation on
clinical response to inhaled corticosteroid (ICS)/LABA
combination therapy [12-15]. However, these studies did
not explore the effect of diversity in the poly-C repeat
on the 3′ untranslated region (3′UTR) of ADRB2.
It has been proposed that genetic polymorphisms in

the 3′UTR of ADRB2 may contribute to variation in
response to β2-adrenergic agonist therapy [16]. A repeat
length polymorphism has been identified in a ‘C’ nucleo-
tide-rich region 23 bp downstream from the translation
stop codon of ADRB2 in the poly-C repeat region [16].
Results from a case-control study in a multiethnic
population showed a significant association between the
single-nucleotide polymorphism (SNP) rs1042714
(encoding the Gln27Glu variation) and an ADRB2
haplotype extending across the poly-C repeat region,
with the asthma phenotype in African Americans [16].
This study suggested that the length of the poly-C
repeat may affect pulmonary function and thus contrib-
ute to interindividual variation in β-agonist response.
Findings from another study showed that patients with
the Arg16Arg polymorphism who have tracts of 11C’s
in the poly-C region have reduced ADRB2 expression
and increased agonist-promoted downregulation com-
pared with those with other poly-C lengths [17]. The
authors proposed that these factors may result in
decreased bronchodilator response and tachyphylaxis to
inhaled β2-agonists [17].
The fragment-size−based genotyping method used by

Hawkins and coworkers to characterize the 3′UTR
poly-C repeat polymorphism [16] does not allow substitu-
tions that interrupt the poly-C repeat to be characterized
in the context of poly-C repeat length. Therefore, the
objective of the present study was to design a novel and
robust genotyping method to fully characterize sequence
variation in the ADRB2 3′UTR poly-C repeat region in
2,250 patients previously treated with ICS/LABA therapy,
and to analyze the effect of the poly-C repeat polymorph-
ism on clinical response to ICS/LABA combination ther-
apy. It was hypothesized that sequence variation in the 3′
UTR region of the ADRB2 gene may affect response to
therapy and the incidence of exacerbations. In this report,
the poly-C allele is defined as all variation in the poly-C re-
peat region (+1266 to +1278), including length of poly-C
repeat and any additional substitutions. The poly-C
genotype is the combination of two alleles in any one
individual.

Methods
Study population and clinical measurements
Patients included in the present study were participants
in a previously described clinical study (SD-039-0735)
[18] and pharmacogenetic analysis [13]. Briefly, the
study population included 2,250 patients with asthma
who were randomized to either budesonide/formoterol
dry powder inhaler (DPI) 160/4.5 μg × 1 inhalation twice
daily, budesonide/formoterol DPI 320/9 μg × 1 inhalation
twice daily, or fluticasone/salmeterol DPI 125/25 μg × 2
inhalations (250/50 μg) twice daily for six months [13,18].
The study protocol was approved by independent ethics
committees for the 235 sites within 16 countries partici-
pating in the study, and all patients included in these ana-
lyses provided informed consent for genetic analysis.
Outcomes analyzed in this study included the number of
severe asthma exacerbations (defined as deterioration in
asthma leading to hospitalization, emergency department
treatment, or oral glucocorticosteroid treatment lasting
three or more days) and changes in pulmonary function
measurements (forced expiratory volume in one second
[FEV1] and morning peak expiratory flow [PEF], total
symptom scores, use of rescue medication, and nighttime
awakenings) from baseline to the average during the treat-
ment period. Race was self-reported; 73% of patients were
white of European descent (n = 1,614), 7% were Asian
(n = 156), 1% were black (n = 21), and 19% were of mixed
or other race (n = 434).

DNA sequencing
A novel sequence-based genotyping approach was used
in this study to investigate and genotype sequence diver-
sity in the poly-C region of ADRB2 because the 3′UTR
was refractory to standard polymerase chain reaction
(PCR) sequencing. This method interrupted poly-C
repeats and disrupted secondary structure with mis-
matched PCR primer in which the ‘C’ nucleotide was
changed to ‘T’ (Figure 1). Additional details are provided
in the Additional file 1.

Statistical methods
As in previous analyses [13], patients of various races on
various ICS/LABA combination treatments were com-
bined in the present exploratory analysis to assess the
association of the large number of poly-C genotypes with
ICS/LABA treatment outcomes in a large patient popula-
tion. Demographics and baseline patient characteristics
during run-in were summarized by poly-C repeat geno-
type group for all groups present at a frequency of >1%.
The incidence of severe asthma exacerbations was
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Figure 1 ADRB2 3΄UTR poly-C repeat region. (A) Structural overview of the ADRB2 gene, detailing the common amino acid changing SNPs,
and flanking variants (↓). Annotated are the ADRB2 upstream peptide (BUP), ATG start codon, coding region (shaded), 3′ untranslated region
(3'UTR), and polyA addition signal. (B) Expanded view of the ADRB2 3′UTR immediately downstream of the stop codon. SNPs located at the end
of the coding sequence, as well as those located within the poly-C repeat region, are shown (↓). 3′UTR SNPs identified in this study are
underlined. The C nucleotide that is mismatched in the sequencing primer to a T nucleotide (see Methods) is highlighted in larger bold font
(position +1269). Below the sequence, arrows indicate the position of the primers described in the text (see Methods). Sizes of the PCR products,
including sequencing tags, are shown at the right-hand side. (C) An expanded view showing detail of the variable nature of the ADRB2 3'UTR.
The poly-C repeat region (rs45580732) is boxed with internal SNPs highlighted by shaded nucleotide bases. The location of the mismatch primer
is indicated by the dotted lines expanding out the arrow in Figure 1b. ★The C > G SNP at position +1268 was previously described by Hawkins
et al. (2006) [16]. ▶ indicates novel variants identified in this study. SNP rs IDs enclosed in dashed boxes below the table are database variants
that were not seen among the chromosomes sequenced in this study.
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summarized by poly-C genotype group. The effect of
poly-C repeat genotype on time to first exacerbation was
analyzed using a Cox proportional hazards model, and the
proportion of patients with exacerbations in each poly-C
genotype group was compared using an ordinal logistic re-
gression model. Changes in FEV1, morning PEF, total daily
asthma symptom scores, total daily rescue medication use,
and nighttime awakenings, from run-in to the average
over the treatment period, were compared using analysis
of variance (ANOVA) models. ANOVA models included
poly-C genotypes (frequency >1%), treatment, country,
and baseline value. In a previous pharmacogenetic
analysis, there was no effect of the ADRB2 Gly16Arg poly-
morphism on pulmonary function [13]; however, because
of interest in the effect of the Gly16Arg SNP, changes
from baseline in FEV1 and morning PEF were assessed
using additional ANOVA models, including Gly16Arg
genotype as a covariate in whites of European descent and
Asian populations.

Results
Allelic variation in the poly-C repeat region (from positions
+1266 to +1278 bp relative to the ATG start codon in
ADRB2 reference sequence M15169.1) was determined



Table 1 Allele frequencies

Whitea Asian Black Mixed Total

Patients, n 1,634 156 21 439 2,250

No. of alleles determined
Alleles determined, %

3,216 310 38 820 4,384

9a 0.1 – – 0.1 0.1

10a 3.6 13.2 21.1 3.5 4.4

11a 35.6 2.3 13.2 19.5 30.0

12a 23.5 31.3 7.9 28.9 24.9

12b <0.1 – – – <0.1

12d – – – 0.1 <0.1

12e – 0.3 – – <0.1

13a 0.9 1.0 2.6 0.6 0.8

13b 30.0 40.6 39.5 37.3 32.2

13c <0.1 – 5.3 1.1 0.3

14b 6.0 10.6 10.5 8.5 6.8

15b 0.1 0.6 – 0.2 0.1

16b 0.2 – – – 0.1

No. of alleles undetermined 52 2 4 58 116
aWhites of European descent.
Allele frequency calculated from the number of alleles determined. Where the
allele was not observed at all, ‘-’ was used.
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through sequencing of PCR products generated using a
mismatched PCR primer. The mismatched primer, which
hybridizes to sequences between position +1244 and +1271
(Figure 1), introduced a ‘T’ nucleotide at position +1269.
To ensure polymorphisms underlying the mismatched PCR
primer did not affect poly-C genotype determination, the
region was re-sequenced in all patients using a PCR prod-
uct generated using an upstream forward primer (see on-
line repository). A rare polymorphism has been previously
identified within the mismatched primer binding site at
+1268 (rs28763957) [19]. In the patients in this study, this
SNP was found to be triallelic; whites of European descent
C1268C, n = 1617; C1268G, n = 4; C1268A, n = 5; and
undetermined, n = 8 (allele frequency in whites of European
descent 1268G = 0.12%, 1268A= 0.15%). In addition, 11
patients of mixed race were heterozygous C1268G. A novel
SNP at C1269A was identified in one mixed-race patient. A
novel C1271T polymorphism was identified; one black
patient and five patients of mixed race were found to be
heterozygous C1271T, and one black patient was a rare
homozygote T1271T. One mixed-race patient was hetero-
zygous for both the C1268G and C1271T polymorphisms.
In total, 27 patients (1.2%) were identified with poly-

morphisms within the mismatched primer region and
thus were excluded from the determination of the poly-C
genotype. In addition, poly-C genotype was undetermined
in a further 31 (1.4%) patients due to failure to sequence
the mismatched PCR product. Therefore, 97% of patients
(2192 of 2250) were assigned poly-C genotypes.
Extensive diversity in the poly-C repeat region was

found; 13 poly-C alleles were identified (Figure 1). Clear
differences in the poly-C allele frequencies were observed
between the whites of European descent and Asian and
black populations in this study. Six of the poly-C alleles
were present at a frequency of >5% in one or more popu-
lation groups (alleles 10a, 11a, 12a, 13b, 13c, and 14b)
(Table 1). These common poly-C alleles included repeats
of the ‘C’ nucleotide between 10 and 14 bases. Poly-C
alleles 13b and 14b have a ‘G’ nucleotide within the poly-
C repeat region at position +1275 (rs1042721). Poly-C al-
lele 11a was the most common allele in whites of
European descent (36%) but was relatively rare in Asians
(2%). In the Asian population, poly-C allele 13b was the
most frequent (41%). Poly-C allele 12a was relatively com-
mon in the whites of European descent (24%) and Asian
(31%) populations. The frequency of alleles 10a and 14b
was greater in the Asian population (13% and 11%, re-
spectively) than in whites of European descent (4% and
6%, respectively). There were 12 poly-C genotypes that
were observed at a frequency of >1% in this study; 95% of
whites of European descent and 88% of Asian patients had
one of these genotypes (Table 2).
In addition to the substitutions note in the poly-C

repeat region, an additional novel low-frequency indel
was found immediately 3΄ of the poly-C tract at position
+1280 (Figure 1). An insertion of one ‘A’ nucleotide was
found on the background of allele 10a (seen four times:
one white of European descent, one black, and two
mixed-race individuals), and the insertion of two ‘A’
nucleotides was found on the background of alleles 11a
(seen 10 times: three whites of European descent and
seven mixed-race individuals) and 12a (seen once in a
mixed-race individual). Because this is a rare indel (allele
frequency <1%; DNA sequence data on file at AstraZeneca
LP) that did not directly affect the poly-C allele as defined
in this paper, no further analysis was carried out.
Association of 3΄UTR poly-C repeat polymorphism with
clinical response
The various poly-C genotype groups had similar pulmon-
ary function measurements and asthma symptoms at
baseline and during the run-in period (Table 2). The ef-
fect of the poly-C genotype on clinical response was
explored. The results are presented in order of increasing
total repeat length (the sum of an individual’s two alleles).
The proportion of patients in each poly-C genotype

group who experienced a severe asthma exacerbation
was between 5% and 19% (Table 3). There was variability
in the incidence and rate of exacerbations across the
genotype groups. Both the proportion of patients experi-
encing a severe asthma exacerbation and the time to
first exacerbation were not statistically significant across



Table 2 Patient demographics at baseline and characteristics during the study run-in period by poly-C repeat genotypes

Poly-C
genotype

10a/11a 10a/12a 11a/11a 10a/13b 11a/12a 11a/13b 12a/12a 11a/14b 12a/13b 12a/14b 13b/13b 13b/14b Genotypes
<1%

Undetermined

Patients, n (%) 44 (2) 57 (3) 225 (10) 62 (3) 314 (14) 418 (19) 136 (6) 74 (3) 357 (16) 77 (3) 211 (9) 119 (5) 98 (4) 58 (3)

Ethnic origin,
n (%)

Whitea 39 (2) 33 (2) 204 (12) 32 (2) 277 (17) 349 (21) 86 (5) 59 (4) 212 (13) 53 (3) 141 (9) 72 (4) 51 (3) 26 (2)

Black 2 (10) 0 1 (5) 4 (19) 0 1 (5) 0 0 2 (10) 0 2 (10) 2 (10) 5 (24) 2 (10)

Asian 0 12 (8) 0 15 (10) 4 (3) 3 (2) 11 (7) 0 48 (31) 8 (5) 21 (13) 15 (10) 18 (12) 1 (1)

Other 3 (1) 12 (3) 20 (5) 11 (3) 33 (8) 65 (15) 39 (9) 15 (3) 95 (22) 16 (4) 47 (11) 30 (7) 24 (5) 29 (7)

Men, n (%) 17 (1) 25 (1) 98 (4) 28 (1) 134 (6) 183 (8) 52 (2) 37 (2) 132 (6) 29 (1) 78 (3) 45 (2) 53 (2) 20 (1)

Age, mean
(SD), years

39.9(15.4) 36.1(15.8) 39.9(15.9) 34.8(16.5) 39.5(16.7) 39.1(17.4) 36.5(16.7) 38.6(17.0) 37.3(17.1) 35.2(16.8) 35.9(15.8) 39.0(16.8) 34.5(16.3) 35.6(17.1)

FEV1, mean
(SD), L

2.2(0.6) 2.2(0.6) 2.3(0.6) 2.2(0.7) 2.3(0.7) 2.3(0.7) 2.2(0.6) 2.3(0.7) 2.2(0.7) 2.3(0.6) 2.2(0.7) 2.1(0.8) 2.2(0.7) 2.1(0.6)

FEV1, mean (SD),
% predicted

73.6(14.3) 72.3(12.3) 73.4(13.4) 70.9(13.4) 73.7(14.1) 73.1(12.9) 72.7(12.6) 73.5(11.5) 72.5(13.5) 74.2(13.1) 72.3(13.9) 73.1(16.0) 69.5(12.8) 70.7(13.5)

FEV1 reversibility,
mean (SD), %

25.6(16.4) 24.2(11.6) 23.6(12.9) 22.2(11.0) 24.4(12.3) 24.0(12.2) 25.4(12.6) 24.5(12.9) 25.6(14.3) 26.4(16.6) 24.7(11.7) 22.9(10.8) 24.1(13.9) 26.5(12.8)

FVC, mean
(SD), L

2.9(0.7) 3.0(0.8) 3.2(1.0) 2.9(0.9) 3.2(1.0) 3.1(0.9) 3.0(0.9) 3.1(0.9) 2.9(1.0) 3.0(0.9) 3.0(1.0) 2.9(0.9) 3.0(1.0) 2.8(0.7)

ICS dose
at study entry,
mean (SD),
μg per day

747.7(261.9) 750.0(195.5) 766.0(249.6) 796.0(232.6) 734.1(216.4) 749.0(243.6) 701.8(207.0) 776.4(239.0) 708.0(221.5) 734.4(254.7) 745.3(250.5) 694.5(189.3) 713.8(191.9) 736.2(236.0)

Morning PEF
during run-in,
mean (SD),
L/min

322.1(88.7) 331.4(103.5) 341.6(98.1) 338.4(99.6) 340.7(92.7) 334.9(99.0) 337.8(82.3) 350.5(95.1) 321.6(92.0) 342.2(90.6) 333.1(85.6) 320.3(98.3) 358.7(106.8) 316.5(76.7)

Total rescue
medication use
during run-in,
mean (SD),
inhalations/day

2.2(1.1) 2.5(1.6) 2.5(1.6) 2.5(1.4) 2.3(1.4) 2.4(1.5) 2.2(1.5) 2.4(1.4) 2.2(1.2) 2.1(1.1) 2.3(1.2) 2.4(1.3) 2.2(1.3) 3.1(2.2)

Nights with
awakenings
during run-in,
mean (SD), %

32.6(35.9) 33.8(33.8) 31.8(34.6) 33.5(33.7) 35.7(35.0) 32.2(34.0) 33.5(35.5) 34.5(37.0) 33.4(35.1) 35.7(36.9) 33.7(35.8) 29.8(35.1) 32.9(36.7) 47.1(35.6)

Total symptom
score, mean (SD)

1.9(0.7) 2.0(0.9) 1.9(0.9) 1.9(0.9) 2.0(0.9) 2.0(0.9) 1.9(1.0) 2.0(0.9) 1.9(0.9) 1.8(0.7) 2.0(0.9) 2.1(1.0) 1.9(1.0) 2.2(1.1)

aWhites of European descent.
Baseline and run-in characteristics for patients of all races. Genotypes present at a frequency of <1% are grouped together, and patients whose poly-C genotype was undetermined are grouped together. FEV1 = forced
expiratory volume in one second; FVC = forced vital capacity; ICS = inhaled corticosteroid; PEF = peak expiratory flow; SD = standard deviation.
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Table 3 Number of patients with severe asthma exacerbations in each poly-C repeat genotype group

Poly-C genotype 10a/
11a

10a/
12a

11a/
11a

10a/
13b

11a/
12a

11a/
13b

12a/
12a

11a/
14b

12a/
13b

12a/
14b

13b/
13b

13b/
14b

Genotypes
<1%

Undetermined

Patients, n 44 57 225 62 314 418 136 74 356 75 211 119 98 58

Patients with ≥1 severe
exacerbation, n (%)

4 (9) 3 (5) 26 (12) 5 (8) 29 (9) 48 (11) 12 (9) 10 (14) 32 (9) 14 (19) 21 (10) 19 (16) 13 (13) 7 (12)

Total number of
severe exacerbations

4 3 50 8 43 66 14 12 39 25 25 22 16 21

Number of exacerbations
per patient/6 months

0.13 0.06 0.32 0.14 0.15 0.24 0.11 0.18 0.13 0.37 0.16 0.20 0.18 0.39

Severe exacerbations were defined as deterioration in asthma leading to hospitalization, emergency department treatment, or oral glucocorticosteroid treatment
lasting three or more days. Data includes all patients with available data of all races and all treatment arms combined (total n = 2,247; all patients with data
postrandomization).
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poly-C genotype groups. Due to the overall sample sizes
and the influence of a small number of patients with
multiple exacerbations in some of the genotype groups,
there was no clear evidence that the incidence or rate of
exacerbations occurred more frequently in any particular
genotype group, or with one or two copies of any
particular allele.
Patients in all poly-C genotype groups showed an

improvement in both morning PEF and FEV1 after treat-
ment (Figure 2). There is no evidence that poly-C repeat
genotype affects the change from baseline to the average
during the treatment period in morning PEF and FEV1.
Similarly, patients in all poly-C genotype groups experi-
enced a decrease in asthma symptom score, rescue
medication use, and nighttime awakenings due to
asthma after treatment, and there is no evidence that
poly-C repeat genotype affects changes in asthma symp-
toms with therapy. In addition, there was no indication
of any trend between genotypes of increasing allele
length and changes in pulmonary function response or
asthma symptoms (Figure 2; genotypes shown in order
of increasing total allele length). Inclusion of the ADRB2
Gly16Arg as a covariate was not significant and did not
influence the effect of the poly-C repeat on pulmonary
function outcomes (whites of European descent, morn-
ing PEF: p = 0.998, FEV1: p = 0.7399; Asians, morning
PEF: p = 0.4933, FEV1: p = 0.3198).
Due to the small number of serious adverse events,

discontinuations due to adverse events [13], and the
complexity of the poly-C repeat region variation, it was
not meaningful to explore the relationship between
poly-C genotype and safety outcomes.

Discussion
The purpose of this study was to characterize the
sequence diversity in the ADRB2 poly-C repeat region,
because this diversity may have an impact on response
to ICS/LABA combination therapy through changes in
the regulation and expression of the β2-adrenergic re-
ceptor. The results of this study did not show an effect
of ADRB2 3′UTR poly-C repeat polymorphism on the
effectiveness of LABA given in combination with ICS to
patients with asthma. There was no indication that a
particular poly-C genotype was associated with a thera-
peutic outcome different from other genotypes. All gen-
otypes had comparable improvements in pulmonary
function and frequency of exacerbations at the end of
the treatment period.
The 3΄UTR of ADRB2 contains regions that may regu-

late gene expression and translation [20-22]. Variation in
this poly-C region may influence gene regulation be-
cause of its proximity to mRNA regulatory motifs, in-
cluding an AU-rich element [16]. Micro-RNA−mediated
silencing of gene expression involves the base pairing of
micro-RNAs with the 3′UTRs of their target mRNAs
[23]. Therefore, it is possible that variation in the length
of the poly-C repeat and interruptions in the poly-C
repeat may have functional consequences if this 3′UTR
region is a recognition site for poly-C−binding proteins
that have a role in mRNA stabilization, translational
activation, and translational silencing [24].
The poly-C sequence context of the triallelic SNP at

+1275 (rs1042721) and other SNPs within the poly-C
region (Figure 1) cannot be determined with the
fragment-length−based genotyping method used by
Hawkins and coworkers [16]. In this study, a novel
sequencing-based genotyping method was developed to
accurately genotype the alleles present in the poly-C
repeat region of ADRB2. The method involved the use of
a mismatched PCR primer, where a ‘C’ nucleotide was
changed to a ‘T’ nucleotide to interrupt the poly-C repeat
and therefore disrupt the secondary structure of the prod-
uct. The ‘T’ nucleotide also acts as a ‘marker’ to help de-
termine the length of the repeat from sequence data and
aids genotyping of heterozygous sequences where the dif-
fering poly-C repeat lengths cause frame shifts in the
DNA sequence data. Further characterization of the
sequence diversity in the ADRB2 3΄UTR was achieved by
sequencing to identify SNPs within, and in close proximity
to, the poly-C repeat, including substitutions that inter-
rupt the poly-C tract. Four novel SNPs were identified (at
positions +1269, +1271, +1272, and +1276) in addition to
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Figure 2 Change in morning PEF, FEV1, rescue medication use, symptom scores, and nighttime awakenings by poly-C repeat
genotype. Data includes patients with poly-C repeat genotype frequencies >1% for all races and treatments with available data. Plots show least
square means and 95% confidence intervals for each poly-C repeat genotype group from ANOVA models. Models include baseline, treatment,
and country as covariates. For change in morning PEF (A), FEV1 (B), rescue medication use (C), daily symptom score (D), and nighttime
awakenings (E), the total number of patients was 2,094, with 10a/11a n = 44, 10a/12a n = 57, 10a/13b n = 62, 11a/11a n = 225, 11a/12a n = 314,
11a/13b n = 418, 11a/14b n = 74, 12a/12a n = 136, 12a/13b n = 357, 12a/14b n = 77, 13b/13b n = 211, and 13b/14b n = 119. For FEV1 (B), the total
number of patients was 2,041, with 10a/11a n = 41, 10a/12a n = 56, 10a/13b n = 60, 11a/11a n = 219, 11a/12a n = 305, 11a/13b n = 406, 11a/14b
n = 73, 12a/12a n = 136, 12a/13b n = 349, 12a/14b n = 75, 13b/13b n = 202, and 13b/14b n = 110. ANOVA = analysis of variance; FEV1 = forced
expiratory volume in one second; PEF = peak expiratory flow.
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variation in the overall poly-C repeat length from 9 to 16
nucleotides. This extends the known diversity in this re-
gion beyond that previously reported.
The poly-C repeat was characterized in 2,192 patients

in this study. A total of 13 different alleles were identi-
fied and confirmed by cloning. The prevalence of the
poly-C alleles differed between the population groups in
this study. Resequencing identified previously uncharac-
terized substitution polymorphisms within the poly-C
repeat region. Of the six common alleles (>5%) in this
region, alleles 10a, 11a, and 12a (10-, 11- and 12-mers,
respectively) each have a ‘C’ at position +1275. Alleles
13b and 14b (13- and 14-mers, respectively) each have a
‘G’ at position +1275, whilst allele 13C has an ‘A’ at
position +1275. Therefore, either the length of the poly-
C repeat, the substitution polymorphisms, or both, could
represent the functionally important variation.
An in vitro approach showed an effect of the poly-C

region on mRNA stability and steady-state cell surface
expression of β2-adrenergic receptor [17]. These obser-
vations used constructs with uninterrupted tracts of the
‘C’ nucleotide. Resequencing data in the present study
found that the longer poly-C repeat alleles (13b, 14b)
were commonly interrupted by the presence of a ‘G’ nu-
cleotide at +1275. The in vitro study only investigated
the functional effect of poly-C repeat alleles of 11, 12,
and 13 Cs in length [17]. Our data show that alleles with
10 to 14 nucleotides are among the most common
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alleles across whites of European descent and Asian
populations.
Hawkins et al. reported no association between

ADRB2 haplotypes covering the whole ADRB2 gene
and pulmonary function in white patients with asthma
[16]. However, a significant haplotype association was
observed for African American patients with asthma
compared with controls for FEV1/forced vital capacity
(FVC) and percentage-predicted FEV1 [16]. Haplotypes
2D and 4D (both 13-mers at the poly-C repeat) were
significantly associated with FEV1/FVC and percent-
age-predicted FEV1 [16]. Haplotypes 4C and 4D (12-
mer and 13-mer at the poly-C repeat, respectively)
were significantly associated with percentage-predicted
FVC but with opposite Hap scores [16]. Since haplo-
types 4C and 4D differ only in the length of the poly-C
repeat region, the authors suggested that different
lengths of the poly-C region might influence pulmon-
ary function in African Americans [16].
In this study, there was no evidence for any clear dif-

ference in baseline pulmonary function measurements
in any particular genotype group in the populations
studied overall (Table 2), nor within the whites of European
descent or Asian populations (data not presented). In this
study, the size of the black population (n = 21) did not
permit sub-group analysis in the black patients, so our
conclusions cannot be compared directly to Hawkins’
observations.
In the present study, comprehensive analysis of the

ADRB2 poly-C repeat has revealed novel uncharacterized
sequence variation. Association between the poly-C repeat
genotypes and the clinical difference in response to ICS/
LABA treatment was evaluated. The poly-C genotype
groups had similar changes in pulmonary function after
treatment, and there was no evidence of an association
between poly-C genotype and incidence of severe asthma
exacerbations. All poly-C genotype groups showed
improvement in pulmonary function measurements after
treatment with a combination ICS/LABA. A previous
analysis of ADRB2 haplotypes inclusive of the promoter,
coding, and 3′UTR regions showed differences in ADRB2
expression and ligand-dependent β2-adrenergic receptor
downregulation between these haplotypes [25]. The
authors suggested that patients with certain ADRB2
haplotypes may exhibit phenotypes that differ with regard
to initial treatment response or risk of tachyphylaxis [25].
An earlier analysis of 11 polymorphisms from within the
ADRB2 coding region and up to 5 kb in the 5′UTR region
by Bleecker et al. included 3 of the haplotypes examined
by Panebra et al. [25] and showed no differences between
these haplotypes in the clinical response to ICS/LABA
treatment based on measures of pulmonary function and
asthma exacerbations in studies of up to 7 months in
duration [13].
Conclusions
This study describes a novel sequencing-based genotyp-
ing approach to determine the alleles present in a poly-
C–rich region of the ADRB2 3′UTR. Results show major
variation in this region of the gene; however, the vari-
ation in the 3′UTR of ADRB2 did not affect baseline
pulmonary function or therapeutic responses to ICS/
LABA combination therapy in this study. Thus, ADRB2
3′UTR genotype does not predict therapeutic responses
to ICS/LABA combination therapy.
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