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A polymorphism in gasdermin B (GSDMB) gene is associated 
with severe asthma exacerbations in childhood:
A population-based birth cohort study

Aida Semic-Jusufagic, Angela Simpson, Jenny Hankinson, Adnan Custovic

Rationale. Markers on chromosome 17q12 have been associated with 
childhood asthma in genome-wide association studies. Objective. 
We investigated the association of a single nucleotide polymorphism 
(SNP) in GSDMB (rs7216389) on 17q12 with asthma presence and 
severity in a population-based birth cohort study. Methods. Children 
were followed from birth to age 8 years. Data on parentally-reported 
symptoms were collected using an interviewer-administered question-
naire at age 1, 3, 5 and 8 years. Atopy was assessed by skin testing at age 
3, 5 and 8 years. Information on asthma/wheeze hospital admissions 
and severe asthma exacerbations was collected from child’s primary 
care medical record. Data were analyzed as a recessive genetic model, 
with T-allele homozygotes as the risk group. Results. Compared to C 
allele carriers, T-allele homozygotes of rs7216389 were signifi cantly 
more likely to: wheeze at age 3, 5 and 8 years; have persistent wheeze 
(OR 1.69, 95% CI 1.05-2.71, p=0.03); have frequent episodes of wheez-
ing and be on asthma medication. In a multiple logistic regression 
model adjusted for gender, atopic sensitisation and maternal smoking, 
T allele homozygotes were signifi cantly more likely to be hospitalized 
(aOR 2.20 [1.22-3.99], p=0.0009) with Cox regression hazard ratio 
for T-allele homozygotes of 1.94 [1.13-3.33], p=0.016. Results of Cox 
regression analysis investigating the eff ect of genotype on the age of 
fi rst severe exacerbation of asthma indicated an overall hazard ratio 
of severe asthma exacerbation among T-allele homozygotes of 1.53 
[1.04-2.27], p=0.03. Conclusions. Th is is the fi rst population-based 
birth cohort study to confi rm that the risk of childhood wheeze and 
severe asthma/wheeze exacerbations is increased among rs7216389 
TT homozygotes.

Key words: Childhood asthma, Genetics, rs7216389, GSDMB, OR-
MDL3.

Introduction

Twin and family studies indicate the strong genetic com-
ponent of asthma (1). However, despite intensive work 
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ranging from family linkage and candidate 
gene association studies, through to ge-
nome-wide association studies (GWAS), ge-
netic studies have produced heterogeneous 
results with little replication (2). Numerous 
genes and gene regions have been associated 
with asthma, e.g. Ober et al in their review 
in 2006, identifi ed over a 100 genes which 
have been associated with asthma and at-
opy-related phenotype, of which 79 have 
been replicated in more than one popula-
tion (2). Th e fi rst GWAS on asthma pub-
lished in 2007 identifi ed a region on chro-
mosome 17q21, where 7 of the 12 markers 
below 1% false discovery rate threshold 
mapped to a 112 kb region (3). Although 
several single nucleotide polymorphisms 
(SNPs) were associated with childhood 
asthma in this study, the strongest statisti-
cal association was with rs7216389 SNP in 
Gasdermin B (GSDMB, also known as GS-
DML) gene. Measurement of the global gene 
expression levels in lymhoblastoid cell lines 
revealed the same SNP (rs7216389) to be 
positively associated with transcript levels 
of orosomucoid-1 like 3 (ORMDL3) gene, 
suggesting that ORMDL3 expression may 
be regulated by this GSDMB SNP (3). Th e 
rs7216389 SNP lies in the intronic region of 
GSDMB, approximately 100kb downstream 
of ORMDL3, which is why it has sometimes 
been referred to as the ORMDL3 SNP. Th e 
roles of both GSDMB and ORMDL3 genes 
are unknown; GSDMB is a member of the 
Gasdermin family (Gsdm) of genes that are 
expressed in skin and gastrointestinal tract 
epithelium (4). Gsdm family has been linked 
to gastrointestinal malignancies and a recent 
study suggested that GSDMB could play a 
role in stem cell proliferation (5). Th e ORM-
DL3 belongs to a family of genes that encode 
transmembrane proteins of endoplasmic re-
ticulum (ER) and is thought to be involved 
in protein folding (6).

Since the original GWA study (3), the 
association between childhood asthma and 

rs7216389 has been replicated in several 
case-control and family-based studies con-
ducted in diff erent populations (7-11). A 
case-control study investigating the asso-
ciation between polymorphisms in this SNP 
and asthma in children and young adults 
found that T allele was signifi cantly more 
common among subjects with asthma (12). 
Moreover, TT genotype was a signifi cant 
predictor of severe asthma exacerbations in 
school age children. A selected birth-cohort 
study of children born to asthmatic moth-
ers extended these fi ndings by showing 
the association of TT genotype with early 
rather than late-onset wheeze (13). We in-
vestigated the association of this common 
SNP in GSDMB (rs7216389) with asthma 
and wheeze within a population-based birth 
cohort study in which meticulous longitudi-
nal phenotyping has been carried out from 
birth to age 8 years.

Methods

Study design, setting and participants

Th e Manchester Asthma and Allergy Study 
is an unselected population-based birth co-
hort described in detail elsewhere (14-18). 
Parents gave written informed consent and 
children their assent as appropriate, includ-
ing the permission to collect data held in 
primary care records. Th e study was ap-
proved by the Local Ethics Committee and 
is registered as ICRCTN72673620. 

Data sources 

Clinical follow-up: Subjects were recruited 
prenatally and followed prospectively, at-
tending clinical follow-ups at ages 1, 3, 5 
and 8 years (± 4 weeks) (14-18). Informa-
tion on parentally-reported symptoms and 
medication used at each follow-up was col-
lected using interviewer-administered vali-
dated questionnaires. Physical examination 
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was carried out to confi rm the presence of 
eczema.

Primary care data extraction: UK pri-
mary care physicians (General Practitio-
ners-GPs) are legally required to maintain 
accurate records of all health-care encoun-
ters of their patients, including retention of 
hospital admission discharge letters, out-
patient appointments and all prescriptions; 
this medical record follows the patient as 
they change GP. A trained paediatrician 
(ASJ) extracted all data from electronic and 
paper-based records on hospital admissions 
for wheeze/asthma, with child’s age (in days) 
at admission.

Defi nition of variables
Clinical follow-up

Current wheeze: defi ned as a positive answer 
to the question “Has your child had wheez-
ing or whistling in the chest in the last 12 
months?” 

Wheeze phenotypes: based on prospec-
tively collected data, children were assigned 
as No wheezing (no wheezing ever at any fol-
low-up by age eight), Transient early wheez-
ing (wheezing only during the fi rst three 
years of life), Intermittent wheezing (wheez-
ing at one time point only during fi rst fi ve 
years or at age eight only), Late-onset wheez-
ing (wheezing started aft er age three years) 
and Persistent wheezing (wheezing during 
the fi rst three years, wheezing in the previ-
ous 12 months at age fi ve and eight) (19, 20).

Atopic sensitization: ascertained by skin 
prick testing to common inhalant and food 
allergens at age 3, 5 and 8 years (21); sensi-
tisation was defi ned as a mean wheal diam-
eter 3 mm greater than negative control to at 
least one allergen.

Eczema: Current eczema was defi ned as 
a positive answer to the question “Has your 
child had an itchy rash coming and going for 
at least six months”. Eczema was confi rmed 
by physical examination at age 3, 5 and 8 
year follow-up visits.

Current rhinitis: defi ned as sneezing or 
runny or blocked nose in the absence of cold 
or chest infection in the previous 12 months 
at age 5 and 8 years.

Primary care data extraction

Admission for asthma/wheeze in the fi rst year 
of life: dichotomous outcome confi rming 
whether the child was hospitalized for asth-
ma/wheeze by age 12 months.

Admission for asthma/wheeze aft er the 
fi rst year of life: dichotomous outcome con-
fi rming whether the child was hospitalized 
for asthma/wheeze aft er the 1st year of life.

Admission for asthma/wheeze in the fi rst 
eight years of life: any hospital admission for 
asthma/wheeze in the fi rst eight years of life.

Age at the fi rst admission for asthma/
wheeze: age of child (in days) at the fi rst hos-
pital admission.

Severe asthma/wheeze exacerbations: we 
used the American Th oracic Society defi -
nition (22) of either receipt of oral steroids 
for at least 3 days or admission to hospital 
or emergency department visit because of 
asthma/wheeze requiring oral steroid use. 

Genotyping

SNP rs7216389 on chromosome 17q21 was 
selected for genotyping based on the associ-
ation with childhood asthma from previous 
studies (3, 13).

Genomic DNA was extracted from blood 
(phenol-chlorophorm method), saliva 
(Oragene®-DNA Self-Collection Kit, follow-
ing manufacturer’s instructions) or buccal 
swab samples (whole Genome Amplifi ca-
tion reaction with Illustra GenomiPhi V2 
DNA Amplifi cation kit™ [GE Healthcare], 
followed by purifi cation using Illustra Mi-
croSpin G-50 Columns™ [GE Healthcare]).

Genotyping was performed using the 
Single Base Extension method Sequenom® 
MassARRAY® iPLEX™ Gold system (Ham-
burg, Germany), combining a primer exten-



113

sion reaction chemistry with MALDI-TOF 
mass spectrometry (23-25). Genotyping 
calls were made with MassARRAY® Typer 
Analyser realtime soft ware.

Statistical analysis

Data were analysed as a recessive genetic 
model, with T allele homozygotes as the 
risk group. Single time-point categorical as-
sociations were assessed using chi-squared 
test and logistic regression models. Longitu-
dinal analyses were performed by General-
ized Estimating Equations (GEE) using the 
exchangeable correlation structure and the 
logit link function. 

We investigated the eff ect of genotype on 
the age of fi rst severe exacerbation of asth-
ma/wheezing resulting in admission to hos-
pital using Cox regression and Kaplan-Mei-
er curves. Th e children were retained in the 
analysis from birth until age at the fi rst ad-
mission to hospital, drop-out, or age 8 years, 
whichever came fi rst. SPSS 15.0 was used for 
all analyses. All estimates are reported with 
95% confi dence intervals [CI] in brackets.

Results

Participants

Genotyping success rate was 96.8%. Ob-
served genotype frequencies did not devi-
ate signifi cantly from expected frequencies 
under the Hardy-Weinberg Equilibrium 
assumption and were consistent with other 
populations (26% TT, 48% CT, 26% CC). 
Of the 959 children who were successfully 
genotyped, 116 took part in an interven-
tion study (26-28) and were excluded from 
further analysis, as were 41 non-Caucasian 
children. Clinical follow up data was avail-
able on 780 children at age 1, 764 at age 3 
years, 778 at age 5 years and 765 at age 8 
years; 696 participants had data available 
on hospital admissions for wheeze/asthma 

from the primary care records. All evaluable 
data is presented at each time point. 

Descriptive data

Among 765 children who had data on 
the  rs7216389 genotype and longitudi-
nal wheeze phenotypes, 332 (43.4%) never 
wheezed, 194 (25.4%) had transient wheeze, 
92 (12.0%) intermittent wheeze, 43 (5.6%) 
late-onset and 104 (13.6%) persistent 
wheeze. Inhaled corticosteroids were used 
by 91/762 (11.9%) children at age 5 and 
66/767 (8.6%) at age 8 years, and inhaled 
bronchodilators by 152/762 (19.9%) at age 5 
and 116/802 (14.5%) at age 8 years. 

A total of 55/696 children (7.9%) had 
been hospitalized for wheeze/asthma at least 
once during the fi rst 8 years of life; 38 (5.5%) 
were admitted once and 17 (2.4%) were ad-
mitted two or more times; 111/696 children 
(15.9%) had at least one severe asthma exac-
erbation in the fi rst 8 years of life.

Atopy was present in 141/673 (21%) chil-
dren at age 3, 197/723 (27.2%) at age 5 and 
213/717 (29.7%) at age 8 years. Current rhini-
tis was reported by 215/769 (28.0%) children 
at age 5 and 212/762 (27.8%) at age 8 years.

Outcome data 

Tables 1 summarizes clinical outcomes by 
rs7216389 in the cohort. 

Current wheeze: Th ere was no signifi cant 
association between genotype and wheez-
ing in the fi rst year of life, whilst at ages 3, 
5 and 8 we observed trends for T allele ho-
mozygotes to have more wheezing than C 
allele carriers. In multiple logistic regression 
models adjusted for gender and concurrent 
sensitization, T allele homozygotes were sig-
nifi cantly more likely to have current wheez-
ing at age 5 (adjusted OR 1.47 [1.00-2.17], 
p=0.05) and age 8 (aOR 1.64 [1.05-2.58], 
p=0.03), with a strong trend observed at age 
3 years (aOR 1.47 [0.99-2.18], p=0.055).

Aida Semic-Jusufagic et al.: A polymorphism in gasdermin B (GSDMB) gene is associated...
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In a longitudinal model (including data 
from ages 3, 5 and 8), we found a signifi cant 
association between genotype and develop-
ment of wheezing, with T allele homozy-
gotes being signifi cantly more likely to have 
wheezed throughout childhood (OR 1.36 
[1.04-1.84], p=0.02). 

Phenotypes of wheeze: Compared to chil-
dren who had never wheezed, persistent 
wheezers were signifi cantly more likely to be 

T allele homozygotes (OR 1.69 [1.05-2.71], 
p=0.03). We found no association between 
genotype and late-onset wheeze (p=0.8) or 
transient early wheeze (p=0.9). 

Wheeze frequency: T allele homozygotes 
were signifi cantly more likely to have had 
frequent episodes of wheezing in the last 12 
months at age 8 years than other genotype 
groups (e.g. 4 or more wheezy episodes, TT 
9% vs. CC+CT 4.3%, p=0.04). 

Table 1 Respiratory clinical outcomes by rs7216389 SNP in the cohort

Outcomes TT CC+CT OR (95% CI) P value

Current wheeze age 1 year (n=780) 74/204
(36.3%)

204/576
(35.4%)

1.04 
(0.74-1.44) 0.83

Current wheeze age 3 years (n=764) 58/201
(28.9%)

129/563
(22.9%)

1.36 
(0.94-1.96) 0.09

Current wheeze age 5 years (n=778) 55/202
(27.2%)

121/576
(21.0%)

1.40 
(0.97-2.03) 0.07

Current wheeze age 8 years (n=765) 44/202
(21.8%)

91/563
(16.2%)

1.44 
(0.97-2.16) 0.07

Wheeze phenotypes (n=765)
Never (n=332)
Transient (n=194)
Intermittent (n=92)
Late- onset (n=43)
Persistent (n=104)

82/202(40.6%)
47/202 (23.3%)
26/202 (12.9%)
10/202 (5.0%)
37/202 (18.3%)

250/563 (44.4%)
147/563 (26.1%)
66/563 (11.7%)
33/563 (5.9%)
67/563 (11.9%)

0.98 (0.65-1.47)
1.20 (0.72-2.02)
0.92 (0.44-1.96)
1.68 (1.05-2.70)

0.9
0.5
0.8
0.03

Bronchodilator usage age 5 years (n=762) 54/198
(27.3%)

98/564
(17.4%)

1.78 
(1.21-2.61) 0.003

Inhaled corticosteroid usage age 5 year (n=762) 32/198
(16.2%)

59/564
(10.5%)

1.65 
(1.04-2.63) 0.03

Bronchodilators usage age 8 year (n=802) 39/209
(18.7%)

77/593
(13.0%)

1.54 
(1.01-2.34) 0.045

Inhaled corticosteroid usage age 8 year (n=767) 25/203
(12.3%)

41/564
(7.3%)

1.79 
(1.06-3.03) 0.03

Admission to hospital for asthma/ wheeze by age 8 
years (n=696)

22/181
(12.2%)

33/515
(6.4%)

2.02 
(1.15-3.57) 0.01

Admission to hospital for asthma/ wheeze in the 
fi rst year of life (n=696)

10/181
(5.5%)

16/515
(3.1%)

1.82 
(0.81-4.10) 0.1

Admission to hospital for asthma/ wheeze after the 
fi rst year of life (n=696)

16/181
(8.8%)

19/515
(3.75)

2.53 
(1.27-5.04) 0.008

Severe asthma/wheeze exacerbations by age 8 
years (n=696)

38/181
(21.0%)

73/515
(14.2%)

1.61 
(1.04-2.49) 0.03

Severe asthma/wheeze exacerbations in the fi rst 
year of life (n=696)

10/181
(5.5%)

23/515
(4.5%)

1.25 
(0.58-2.68) 0.5

Severe asthma/wheeze exacerbations  after the 
fi rst year of life (n=696)

34/181
(18.8%)

67/515
(13.0%)

1.55 
(0.98-2.43) 0.06

TT = mutant homozygote; CC = wild type homozygote; CT = heterozygote.
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Asthma medication: Th e use of both bron-
chodilators and inhaled corticosteroids at ages 
5 and 8 years was signifi cantly more common 
amongst children who were T allele homozy-
gotes compared to C allele carriers (Table 1).

Hospital admission for asthma/wheeze

Th e proportion of children admitted to hos-
pital in the fi rst 8 years of life was signifi -
cantly higher in T allele homozygotes com-
pared to other genotype groups (12.2% vs. 
6.4%, p=0.01, Table 1). In a multiple logistic 
regression model adjusted for gender, atopic 
sensitisation and maternal smoking, T allele 
homozygotes were signifi cantly more likely 
to be hospitalized for wheeze/asthma com-
pared to C allele carriers (aOR 2.20 [1.22-
3.99], p=0.009). 

In the analysis investigating the eff ect of 
genotype on the age of fi rst hospital admis-

sion with asthma/wheeze, Kaplan-Meier 
plots suggested an increased risk of hospi-
tal admission amongst T allele homozygotes 
(Figure 1), with the results of a Cox regres-
sion analysis indicating an overall hazard 
ratio in this genotype group of 1.94 [1.13-
3.33], p=0.016. 

Further analysis amongst children with 
a history of wheezing revealed that the TT 
genotype was not associated with hospital 
admission in the fi rst year of life, but in-
creased the risk of admission beyond the fi rst 
year (OR 2.34 [1.12-4.87], p=0.02, Table 2).

Severe exacerbation of asthma/wheeze

Children with TT genotype were signifi -
cantly more likely to have had severe asth-
ma exacerbation compared to those with 
CC and CT genotype (OR 1.61 [1.04-2.49], 
p=0.03). Th e association remained signifi -

Figure 1 Kaplan-Meier Estimates of Cumulative Risk of hospital admission with wheeze/asthma in two 
rs7216389 genotype groups. Dashed line: TT homozygotes; Solid line: CT heterozygotes + CC homozygotes

Aida Semic-Jusufagic et al.: A polymorphism in gasdermin B (GSDMB) gene is associated...
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cant aft er adjusting for gender, atopic sen-
sitisation and maternal smoking (aOR 1.73 
[1.10-2.73], p=0.02).

In the analysis investigating the eff ect of 
genotype on the age of fi rst severe exacer-
bation of asthma, Kaplan-Meier plots sug-

Table 2 Admission to hospital and severe asthma/wheeze exacerbations by rs7216389 amongst children who 
wheezed in the fi rst 8 years.

Outcomes TT CC+CT OR (95% CI) P value

Admission to hospital for
asthma/wheeze in the fi rst year
(n=259)*

8/78
(10.3%)

14/181
(7.7%)

1.36 (0.55-3.40) 0.5

Admission to hospital for
asthma/wheeze after the fi rst
year (n=259)*

16/78
(20.5%)

18/181
(9.9%)

2.34 (1.12-4.87) 0.02

Severe asthma/wheeze
exacerbation in the fi rst year of
life (n=259)*

8/78
(10.3%)

18/181
(9.9%)

1.04 (0.43-2.49) 0.9

Severe asthma/wheeze
Exacerbation after the fi rst
year of life (n=259)*

30/78
(38.5%)

52/181
(28.7%)

1.55 (0.89-2.71) 0.1

* Analysis conducted among children who wheezed in the fi rst eight years of life only
TT= mutant homozygote; CC= wild type homozygote; CT= heterozygote .

Figure 2 Kaplan-Meier Estimates of Cumulative Risk of severe asthma/wheeze exacerbations in two rs7216389 
genotype groups. Dashed line: TT homozygotes; Solid line: CT heterozygotes+ CC homozygotes
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gested an increased risk of severe exacerba-
tion amongst T allele homozygotes (Figure 
2), with results of Cox regression analysis 
indicating an overall hazard ratio of severe 
asthma exacerbation in this genotype group 
of 1.53 [1.04-2.27], p=0.03.

Amongst wheezers, there was no signifi -
cant diff erence in the risk of having severe 
asthma exacerbation before or aft er the fi rst 
year of life between T allele homozygotes 
and other genotype groups (p=0.9 and 
p=0.1, respectively, Table 2).

Allergic sensitisation, rhinitis and eczema

Th ere was no signifi cant association be-
tween rs7216389 and allergic sensitisation 
or current rhinitis at any time point (Table 
3). Interestingly, TT homozygotes were 
more likely to have had eczema present on 

physical examination at age 5 and 8 years 
(p=0.02 and p=0.045, respectively, Table 3).

Discussion

Principal fi ndings

Th is is the fi rst population-based birth co-
hort study to confi rm fi ndings of the associ-
ation between polymorphisms in rs7216389 
SNP and childhood asthma and its severity, 
and the fi rst study to show the association 
between this genetic variant and persistent 
childhood wheezing. We have shown that 
children with TT genotype of rs7216389 had 
signifi cantly higher risk of being admitted to 
hospital for asthma/ wheeze and having se-
vere asthma exacerbations during the fi rst 8 
years of life. Th is risk was specifi c for hos-
pital admissions occurring aft er the age of 

Table 3 Allergic sensitization, eczema and rhinitis by rs7216389 in the cohort

Outcomes TT CC+CT OR (95% CI) P value

Atopic (SPT) at age 3
(n=673)

38/181
(21.0%)

103/492
(20.9%) 1.00 (0.66-1.53) 1.00

Atopic (SPT) at age 5
(n=723)

53/189
(28.0%)

144/534
(27.0%) 1.06 (0.73-1.53) 0.8

Atopic (SPT) at age 8
(n=717)

57/189
(30.2%)

156/528
(29.5%) 1.03 (0.72-1.48) 0.9

Current eczema at age 3
(n=746)

49/201
(24.4%)

127/561
(22.6%) 1.04 (0.72-1.52) 0.8

Current eczema at age 5
(n=774)

72/201
(35.8%)

166/573
(29.0%) 1.37 (0.97-1.92) 0.07

Current eczema at age 8
(n=762)

49/201
(24.4%)

127/561
(22.6%) 1.10 (0.76-1.61) 0.6

Eczema on physical
examination at age 3 (n=744)

30/197
(15.2%)

66/547
(12.1%) 1.31 (0.82-2.09) 0.3

Eczema on physical
examination at age 5 (n=764)

37/197
(18.8%)

68/567
(12.0%) 1.70 (1.10-2.63) 0.02

Eczema on physical
examination at age 8 (n=734)

31/191
(16.2%)

58/543
(10.7%) 1.62 (1.01-2.60) 0.045

Current rhinitis at age 5
(n=769)

52/201
(25.9%)

163/568
(28.7%) 0.87 (0.60-1.25) 0.5

Current rhinitis at age 8
(n=762)

58/203
(28.6%)

154/559
(27.5%) 1.05 (0.74-1.50) 0.8

TT = mutant homozygote; CC = wild type homozygote; CT = heterozygote  

Aida Semic-Jusufagic et al.: A polymorphism in gasdermin B (GSDMB) gene is associated...
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one year, but not for those in the fi rst year of 
life. In addition, T allele homozygotes were 
more likely to have had frequent episodes of 
wheeze and more likely to be using inhaled 
asthma medication at age 5 and 8 years. We 
found no association between T allele of 
rs7216389 and atopic sensitisation or aller-
gic rhinitis. Although TT genotype was not 
associated with parentally-reported eczema, 
it increased the risk of eczema confi rmed on 
physical examination at ages 5 and 8 years.

Limitations and strengths 

We attempted to minimize false positive 
results due to multiple testing, but we ac-
knowledge that the potential impact of mul-
tiple testing on the degree to which conclu-
sions can be considered reliable cannot be 
fully eliminated. Our analysis was hypoth-
esis-driven and limited to a single genotype 
comparison in several carefully defi ned phe-
notypes. Another limitation of our study is 
that we do not have a functional explanation 
for our fi ndings. 

Th e most recent GWAS for asthma iden-
tifi ed a diff erent SNP (rs2305480) as the SNP 
most strongly associated with asthma in this 
region (29). However, we note that rs2305480 
is in the same LD block as rs7216389, with a 
D’ of 0.99 (3). We therefore did not genotype 
rs2305480 SNP for this analysis. 

Th e validity of fi ndings from genetic as-
sociation studies depends on the quality of 
phenotypic data used. Th e major strength 
of our study is that it is set within a popula-
tion-based birth cohort with high follow-up 
rate, which gives higher validity in terms of 
generalizability of the results. Th e prospec-
tive nature of data collection enabled us to 
accurately assess the presence of wheeze 
throughout the fi rst 8 years of life, avoid-
ing the likelihood of recall bias. Another 
strength is that the availability of data from 
the children’s primary care record gave us 
access to precise and accurate information 

on the timing and occurrence of hospital 
admissions for asthma/wheeze and severe 
asthma exacerbations. 

Interpretation

Our fi nding that children with TT genotype 
have an increased risk of wheezing and se-
vere asthma/wheeze exacerbations in early 
life is consistent with the fi ndings by Bis-
gaard et al (13). In this high-risk birth co-
hort study, the hazard ratio among T allele 
homozygotes compared to C allele carriers 
for asthma was 1.88 [1.15-3.07], severe ex-
acerbations 2.66 [1.58-4.48], and recurrent 
wheeze 1.64 [1.05-2.59]. However, neither 
we nor Bisgaard et al. (13) found an asso-
ciation between rs7216389 polymorphisms 
and atopic sensitisation or allergic rhinitis, 
suggesting that genetic predisposition for 
asthma diff ers from that for atopy and aller-
gic rhinitis. We did not fi nd an association 
between rs7216389 polymorphisms and 
hospital admissions for wheezing in the fi rst 
year of life, most likely due to the fact that 
most children who wheeze in the fi rst year 
of life have viral infection-induced wheeze 
and do not continue wheezing beyond the 
fi rst year (30). 

Our fi nding of the association between 
rs7216389 polymorphisms and persistent 
wheezing is comparable with the recent 
study which found strong association of this 
SNP with early-onset asthma (0-5 years) 
(31). In addition, in this study T allele was 
associated with the severity of early-onset 
asthma defi ned on the basis of symptom fre-
quency and medication use. Furthermore, 
amongst a population of severe asthmat-
ics, the T allele of rs7216389 was associated 
with childhood asthma-onset disease (32). 
Similarly, we found that the use of asthma 
medication was signifi cantly more common 
amongst children who were T allele homo-
zygotes. Although asthma severity and se-
vere asthma exacerbations refl ect diff erent 
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aspects of asthma control, they both high-
light a group of children who may be less re-
sponsive to conventional therapy and more 
susceptible to asthma exacerbations. 

What could be a plausible biological 
mechanism for the observed association? 
Although there is no clear explanation of 
the function of the GSDMB gene, two stud-
ies found a relationship between variants in 
rs7216389 and ORMDL3 transcript levels, 
speculating that rs7216389 SNP could be 
regulating the expression of the ORMDL3 
gene product (3, 31). Th e function of the 
ORMDL3 gene product has only been re-
cently described (33). ORMDL3 encodes a 
transmembrane protein embedded in the 
wall of the endoplasmic reticulum (ER) 
which regulates Ca2+ infl ux into ER and is 
essential for protein folding. Overexpression 
of ORMDL3 product inhibits the infl ux of 
Ca2+ ions into the ER via sarco-endoplasmic 
reticulum Ca2+ pump which results in un-
folded protein response (33), and unfolded 
protein response may cause transcription of 
genes able to induce infl ammation (34). 

A recent study of polymorphisms in the 
17q21 region and its eff ect on gene expres-
sion levels in cord blood samples of healthy 
neonates found that T-allele homozygotes of 
rs7216389 already had an increased expres-
sion of the ORMDL3 gene compared to oth-
er genotypes at birth (35). Th e expression 
of ORMDL3 signifi cantly increased aft er in 
vitro cord blood mononuclear cell stimula-
tion with Der p 1 allergen (35). In addition, 
T-allele homozygotes for rs7216389 and 
three other SNPs in 17q21 region had in-
creased baseline IL-17 cytokine production. 
IL-17 can be secreted by many cell subsets 
(e.g. TH17 and TH2) and has been implicated 
in pathophysiology of both autoimmune 
diseases and asthma (36). A proportion of 
asthmatic individuals who have poorly con-
trolled asthma have increased level of IL-17 
in their airways that correlates with the de-
gree of neutrophilic infl ammation in their 

airways as well as airway hyperreactivity 
(however the exact pathophysiology leading 
to this type of infl ammation remains to be 
elucidated) (37). 

A recent GWA study on white blood cell 
(WBC) phenotypes found that total WBC 
and neutrophil counts were strongly associ-
ated with chromosome 17q21 region close 
to ORMDL3 (38). 

We found a signifi cant association be-
tween rs7216389 TT genotype and eczema 
present on physical examination. Apart 
from one negative report from the Danish 
high-risk cohort (13), there are no other 
studies that have looked into the association 
between childhood eczema and SNPs in GS-
DMB region. Th is fi nding warrants replica-
tion in other populations.

Conclusion

Our data indicate that children who are 
T-allele homozygotes for rs7216389 have 
increased risk of persistent wheezing, are 
more likely to use asthma medication and to 
experience severe asthma exacerbations and 
are more likely to be admitted to hospital 
because of acute attack of asthma compared 
to C allele carriers. In addition, amongst 
asthmatic children, the likelihood of severe 
exacerbation requiring hospital admission 
aft er the fi rst year of life is higher amongst 
T-allele homozygotes for rs7216389. 
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