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ABSTRACT

BACKGROUND

Both genetic variation at the 17q21 locus and virus-induced respiratory wheezing
illnesses are associated with the development of asthma. Our aim was to determine
the effects of these two factors on the risk of asthma in the Childhood Origins of
Asthma (COAST) and the Copenhagen Prospective Study on Asthma in Childhood
(COPSAC) birth cohorts.

METHODS

We tested genotypes at the 17q21 locus for associations with asthma and with human
rhinovirus (HRV) and respiratory syncytial virus (RSV) wheezing illnesses and tested
for interactions between 17q21 genotypes and HRV and RSV wheezing illnesses with
respect to the risk of asthma. Finally, we examined genotype-specific expression of
17q21 genes in unstimulated and HRV-stimulated peripheral-blood mononuclear
cells (PBMCs).

RESULTS

The 17q21 variants were associated with HRV wheezing illnesses in early life, but not
with RSV wheezing illnesses. The associations of 17q21 variants with asthma were
restricted to children who had had HRV wheezing illnesses, resulting in a signifi-
cant interaction effect with respect to the risk of asthma. Moreover, the expression
levels of ORMDL3 and of GSDMB were significantly increased in HRV-stimulated
PBMCs, as compared with unstimulated PBMCs. The expression of these genes was
associated with 17q21 variants in both conditions, although the increase with ex-
posure to HRV was not genotype-specific.

CONCLUSIONS
Variants at the 17q21 locus were associated with asthma in children who had had
HRV wheezing illnesses and with expression of two genes at this locus. The expres-
sion levels of both genes increased in response to HRV stimulation, although the
relative increase was not associated with the 17q21 genotypes. (Funded by the Na-
tional Institutes of Health.)
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HE FIRST GENOMEWIDE ASSOCIATION

study of childhood-onset asthma revealed

a susceptibility locus on chromosome
17q21.* The association of this locus with asth-
ma has since been replicated in both genome-
wide and candidate-gene association studies,??
and the locus represents one of the most con-
sistently associated genetic risk factors for child-
hood asthma. Variation at the 17q21 locus is
associated primarily with childhood-onset asth-
ma,**° but not with atopy,**# and the effects are
larger among children who had been exposed to
environmental tobacco smoke in early life*°-11
and in children with reported respiratory infec-
tions in infancy.® The disease-associated vari-
ants at this locus are associated with expression
levels of two 17q21 genes, GSDMB and ORMDL3,
in white cells,> lymphoblastoid cell lines,'? and
CD4+ T cells.®?

The onset and progression of asthma result
from a complex interplay between genetic back-
ground and environmental exposures, particularly
in early development. Among the many environ-
mental factors that influence the risk of asthma,#
respiratory infections with viruses?>'¢ and bac-
terial” are the most common triggers of asthma
exacerbations in children. Approximately 80% of
asthma exacerbations are attributed to respiratory
viral infections, with human rhinovirus (HRV)
accounting for nearly two thirds of these cases.®
Moreover, infants who have HRV infections with
wheezing are at a significantly increased risk for
subsequent asthma.**2° However, exposure to HRV
does not lead to wheezing illness in all children,
nor does wheezing illness result in asthma in all
cases, suggesting that the host genotype also plays
a role.

We sought to further elucidate the effect of
the genotype at the 17q21 asthma locus and re-
spiratory viral illnesses in early life on the risk
of childhood-onset asthma. We hypothesized
that these common genetic and environmental
risk factors account for a substantial proportion
of the overall risk of childhood asthma, in either
an additive or an interactive manner. We also
used an in vitro model in peripheral-blood
mononuclear cells (PBMCs) to identify HRV-
responsive genes at the 17q21 locus and to test
a potential mechanism underlying the inter-
action.

METHODS

STUDY PARTICIPANTS

We included data from two cohorts of children
— the Childhood Origins of Asthma (COAST)
birth cohort and the Copenhagen Prospective
Study on Asthma in Childhood (COPSAC) birth
cohort — and a group of adult volunteers. Chil-
dren who participated in the COAST birth cohort
provided oral assent when possible, and their par-
ents provided written informed consent; oral and
written informed consent were provided by both
parents of each child who participated in the
COPSAC birth cohort. Adult participants provided
written informed consent. The study protocols for
the three cohorts were approved by the institu-
tional review board at the University of Wisconsin,
the University of Copenhagen, and the University
of Chicago, respectively.

For the COAST study, 289 newborns were en-
rolled in Madison, Wisconsin, between November
1998 and May 2000, as described previously.2* All
the children had at least one parent with respira-
tory allergies, a history of physician-diagnosed
asthma, or both. The parents of 214 of the new-
borns who were of European ancestry gave con-
sent for their child to participate in genetic stud-
ies, and data from these children are included in
the current analyses. A total of 200 of these chil-
dren were evaluated for asthma beginning at
6 years of age. The demographic characteristics
of the COAST cohort are provided in Table S1 in
the Supplementary Appendix, available with the
full text of this article at NEJM.org. The diagnos-
tic criteria for asthma and descriptions of allergic
sensitization and phenotypes of viral wheezing
illnesses in the COAST cohort are provided in the
Methods section of the Supplementary Appendix.

For COPSAC, 411 Danish children (all of Eu-
ropean ancestry) born to mothers with a history
of physician-diagnosed asthma were enrolled be-
tween August 1998 and December 2001 in Co-
penhagen.?2 A total of 297 of these children with
complete follow-up data from the first 3 years of
life and with information on asthma status by
7 years of age were included in this study. The
demographic characteristics of the COPSAC co-
hort are provided in Table S1 in the Supplemen-
tary Appendix. The diagnostic criteria for asthma
and descriptions of phenotypes of viral wheezing
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illnesses in the COPSAC cohort are provided in the
Methods section of the Supplementary Appendix.

In addition, we recruited 100 unrelated adult
volunteers (49 men and 51 women; age range, 19
to 60 years) in Chicago between July and Novem-
ber 2011 in order to study the genotype-specific
effects of HRV stimulation on gene-expression
patterns in PBMCs. We recruited volunteers by
posting flyers (which were approved by the insti-
tutional review board) around the University of
Chicago campus. Each participant responded to
a short medical questionnaire on the day the
blood samples were obtained; 23 of the partici-
pants reported a previous diagnosis, by a physi-
cian, of asthma. According to self-reported ances-
try, 84 of the participants were of European
descent, 8 were of Asian descent, 3 were His-
panic, and 4 had mixed ancestry; 1 participant
did not report ancestry.

GENOTYPING OF 17q21 VARIANTS
Five asthma-associated 17q21 single-nucleotide
polymorphisms (SNPs) — rs9303277, rs11557467,
rs12936231, rs2290400, and rs7216389 (Fig. S1
in the Supplementary Appendix) — were geno-
typed in the COAST cohort. Genotyping was per-
formed at the National Heart, Lung, and Blood
Institute Resequencing and Genotyping (RS&G)
Service at Johns Hopkins University, with the
use of the Custom GoldenGate Genotyping assay
(Illumina). Success rates of genotyping ranged
from 98.6 to 100%. SNP rs7216389 was selected
as a surrogate for the five SNPs that are in near
perfect linkage disequilibrium (Fig. S1 in the Sup-
plementary Appendix). This SNP was genotyped
in the COPSAC and adult participants with the use
of TagMan assays (Applied Biosystems).

GENETIC ASSOCIATION AND INTERACTION STUDIES
Each SNP was tested for an association with
asthma and with phenotypes of viral wheezing
illness, with the use of a logistic-regression model
if the outcome variable was binary or a linear-
regression model if the outcome variable was
continuous. The model included the phenotype
of interest as the outcome variable and genotype
as an explanatory variable. To test for interac-
tions between 17q21 SNP genotypes and viral
(HRV or RSV) wheezing illnesses, viral wheezing
illness and a term for the interaction of viral
wheezing illness with genotype were included as

covariates. In addition, the number of wheezing
episodes in which another (i.e., non-HRV or non-
RSV) virus was present was included as a covari-
ate to ensure that the observed effects were spe-
cific to the virus being tested. Details of the
statistical methods are provided in the Supple-
mentary Appendix.

HRV16 STIMULATION OF PBMCs AND DNA
AND RNA EXTRACTION

A blood sample (20 ml) was obtained from each
adult participant. PBMCs were isolated from whole-
blood samples with the use of a Ficoll-Paque
separation protocol. A total of 4x10° PBMCs from
each participant were treated with medium alone
for 24 hours, and 4x10° PBMCs were treated with
medium containing HRV16 for 24 hours. The
multiplicity of infection was 10 plaque-forming
units per cell. The remaining cells from each par-
ticipant were used for DNA extraction. DNA was
extracted on the day the blood samples were ob-
tained, with the use of the QlAamp DNA Blood
Mini Kit (Qiagen). Total RNA was extracted after
a 24-hour incubation period, with the use of the
RNeasy Plus Mini Kit (Qiagen). Details of the ex-
perimental procedures are provided in the Meth-
ods section of the Supplementary Appendix.

COMPLEMENTARY DNA SYNTHESIS
AND QUANTITATIVE PCR ASSAY

Complementary DNA (cDNA) was synthesized with
the use of the SuperScript III First-Strand Synthe-
sis System and oligo-dT primers (Invitrogen). Prim-
ers for five 17q21 genes (IKZF3, ZPBP2, GSDMB,
ORMDL3, and GSDMA) and a housekeeping gene
(POLR2C) were designed with the use of IDT Sci-
Tools (Integrated DNA Technologies) (Table S2
in the Supplementary Appendix). A quantitative
polymerase-chain-reaction (QPCR) assay was per-
formed with the use of Platinum SYBR Green
qPCR SuperMix-UDG (Invitrogen) and the 7900HT
Fast Real-Time PCR system (Applied Biosystems).

ANALYSIS OF GENE-EXPRESSION DATA
Among five genes at the 17q21 locus, IKZF3, GSDMB,
and ORMDL3 were successfully amplified in un-
stimulated and HRV-stimulated PBMCs obtained
from 100 participants. Each qPCR reaction was
run in duplicate, and only samples with a coef-
ficient of variation of less than 0.02 were includ-
ed in the analyses. After the exclusions, there were
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Table 1. Associations of 17q21 Single-Nucleotide Polymorphisms (SNPs) with Asthma, Allergic Sensitization, and Viral Wheezing Ilness

Phenotypes in the Childhood Origins of Asthma (COAST) Cohort.*
Minor  Minor-Allele

SNP Gene Location  Allele Frequency P Value

HRV No. of HRV RSV

Allergic Wheezing  Wheezing
Asthma Sensitizationj  lllness IlInesses lliness

rs9303277 IKZF3 Intron Ck 0.488 0.03 0.86 0.01 <0.001 0.25
rs11557467  ZPBP2 Intron T 0.498 0.05 0.98 0.02 <0.001 0.30
rs12936231  ZPBP2 Exon Ck 0.493 0.07 0.95 0.02 <0.001 0.22
rs2290400 GSDMB Intron A§ 0.500 0.08 0.90 0.02 <0.001 0.17
rs7216389 GSDMB Intron T§ 0.500 0.04 0.90 0.01 <0.001 0.22

No. of RSV

Wheezing  Wheezing

Ilinesses
0.51
0.63
0.57
0.47
0.54

* HRV denotes human rhinovirus, and RSV respiratory syncytial virus.
T Allergic sensitization was assessed with the use of an in vitro IgE test. The results were similar when allergic sensitization was assessed

with the use of a skin-prick test (all P>0.50).
1 This was the minor allele in the COAST cohort.

§ The minor allele in Centre d’Etude du Polymorphisme Humain from Utah (CEU) HapMap samples is shown for this SNP.

96 paired samples of unstimulated and HRV-
stimulated PBMCs for expression studies of IKZF3,
97 paired samples for expression studies of GSDMB,
and 97 paired samples for expression studies of
ORMDL3. Additional details of the qPCR data anal-
ysis are provided in the Methods section of the
Supplementary Appendix.

We used a paired t-test to assess differences in
the expression of each 17q21 gene (IKZF3, GSDMB,
and ORMDL3) between unstimulated and HRV-
stimulated cells. Associations between 17q21 SNPs
and gene expression were tested under an additive
genetic model.

RESULTS

ASSOCIATIONS IN THE COAST COHORT
All the SNPs showed modest associations with
childhood-onset asthma in 200 children in the
COAST cohort (P<0.08) (Table 1 and Fig. 1A). The
SNPs that were tested were in nearly perfect link-
age disequilibrium (Fig. S1 in the Supplementary
Appendix) and had nearly identical minor-allele
frequencies (0.49 to 0.50) (Table 1), making it im-
possible to assign the association signal to any
particular SNP at the locus. None of the SNPs were
associated with allergic sensitization (P>0.86)
(Table 1), a finding that was consistent with the
results of previous studies.#”® The 17q21 SNPs
also had significant associations with HRV wheez-
ing illness (P<0.02) (Table 1) and with the num-
ber of HRV wheezing illnesses (P<0.001) (Table 1

N ENGLJ MED 368;15 NEJM.ORG

and Fig. 1B) in the first 3 years of life. None of
the SNPs were associated with either the risk of
RSV wheezing illnesses (P>0.17) or the number
of RSV wheezing illnesses (P>0.47) (Table 1), in-
dicating the specificity of the association with
HRV wheezing illness.

INTERACTIONS BETWEEN 17q21 VARIANTS
AND VIRAL WHEEZING ILLNESSES

We next examined interactions between the 17q21
genotype and HRV and RSV wheezing illnesses
with respect to the risk of asthma in the COAST
cohort. We observed significant interactions be-
tween 17q21 genotypes and HRV wheezing ill-
ness with respect to the subsequent risk of asth-
ma (P<0.01 for interaction) (Fig. 1C, and Table S3
in the Supplementary Appendix). The association
between genotypes and asthma was present in
children with HRV wheezing illness (odds ratio
for the TT genotype at rs7216389, 26.1; 95% con-
fidence interval [CI], 5.1 to 133.0) (Fig. 1D, and
Table S3 in the Supplementary Appendix) but not
in children without HRV wheezing illness (odds
ratio for the TT genotype at rs7216389, 0.8; 95%
CI, 0.2 to 2.4) (Fig. 1E, and Table S3 in the Sup-
plementary Appendix). The odds ratio for child-
hood asthma among children with the TT geno-
type by itself was 2.3 (95% CI, 1.0 to 5.2), and the
odds ratio for childhood asthma among children
with HRV wheezing illness by itself was 5.2 (95%
CI, 2.8 t0 9.9). In contrast, no significant interac-
tion was observed with RSV wheezing illness
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Figure 1. Effects of 17q21 Genotype on Asthma and Human Rhinovirus (HRV) Wheezing llinesses in the Childhood
Origins of Asthma (COAST) Cohort.
Panel A shows the prevalence of asthma according to 17q21 genotype, and Panel B shows the mean number of HRV
wheezing illnesses in the first 3 years of life according to 17q21 genotype. Sample sizes for each genotype group are
shown in parentheses under the horizontal axis. T bars in Panel B indicate standard errors. Panel C shows the prev-
alence of asthma among the children according to the whether they had at least one HRV wheezing illness in the
first 3 years of life or no HRV wheezing illness. The dashed horizontal line shows the overall prevalence of asthma
among children in the COAST cohort. P=0.006 for the main effect of this single-nucleotide polymorphism (SNP)
among children who had at least one HRV wheezing illness in the first 3 years of life, and P=0.70 among children
who did not have an HRV wheezing illness; P=0.004 for the interaction between the rs7216389 SNP and HRV wheez-
ing illness with respect to the development of asthma. Panel D shows the odds-ratio estimates for asthma risk asso-
ciated with the three genotypes at rs7216389 among children who had at least one HRV wheezing illness in the first
3 years of life, and Panel E, the odds-ratio estimates among children who did not have any HRV wheezing illnesses in
the first 3 years of life. In Panels D and E, the odds ratios are shown relative to the reference group — the children
with the CC genotype who did not have any HRV wheezing illnesses. The sample size of each genotype group is
shown in parentheses under the horizontal axis in both panels, and I bars indicate 95% confidence intervals.

(P>0.30 for interaction) (Table S4 in the Supple- (17921 genotype) and a common environmental
mentary Appendix). These data suggest an inter- risk factor (HRV wheezing illness) with respect to
action between a common genetic risk factor childhood-onset asthma.
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on Asthma in Childhood (COPSAC) Cohort.

Figure 2. Effects of 17q21 Genotype on Asthma and HRV Wheezing lllnesses in the Copenhagen Prospective Study

Panel A shows the prevalence of asthma among children in the COPSAC cohort, according to whether they had at
least one HRV wheezing illness in the first 3 years of life or no HRV wheezing illnesses. The dashed horizontal line
shows the overall prevalence of asthma among children in the COPSAC cohort. Panel B shows the odds-ratio estimates
for asthma risk associated with the three genotypes at rs7216389 among children who had at least one HRV wheez-
ing illness in the first 3 years of life, and Panel C, the odds-ratio estimates for asthma risk associated with the three
rs7216389 genotypes among children who did not have any HRV wheezing illnesses in the first 3 years of life. In both
panels, the odds ratios were relative to the reference group — children with the CC genotype who did not have any
HRV wheezing illnesses. In Panels B and C, the numbers in parentheses under the horizontal axis are the numbers
of participants with a given genotype. I bars in Panels B and C indicate 95% confidence intervals.

REPLICATION STUDIES IN THE COPSAC COHORT

We next studied this interaction in the COPSAC
birth cohort?? and found that 17q21 genotypes
were associated with asthma in this cohort
(P=0.01 for the association with rs7216389)7 and
in the subgroup of 297 children included in this
study (P=0.02 for the association with rs7216389).
We stratified the children in the COPSAC cohort
according to the presence or absence of HRV wheez-
ing illness in the first 3 years of life (Fig. 2A) —
an approach similar to the one we used in the
COAST cohort.

We observed that the overall prevalence of
asthma was lower in the COPSAC cohort than in
the COAST cohort, a finding that we attribute to
two differences between the cohorts. First, the
rate of HRV wheezing illness, an important risk
factor for asthma, was lower in the COPSAC co-

hort than in the COAST cohort (24.6% vs. 31.3%).
Second, the criteria for the diagnosis of asthma
differed between the two cohorts. In COPSAC,
the diagnosis of asthma required a response to
a 3-month course of inhaled glucocorticoids fol-
lowed by a relapse after treatment was stopped
(persistent asthma). In the COAST study, the di-
agnosis of asthma was based either on the docu-
mented use of rescue albuterol, intermittent use
of agents to control asthma, or short courses of
oral glucocorticoids only (intermittent asthma) or
on the daily use of medications to control asthma
(persistent asthma). Nonetheless, we found that
in the COPSAC cohort, the association between
17921 genotypes and asthma was present in chil-
dren who had had at least one HRV wheezing
illness in early life (odds ratio for the TT geno-
type at rs7216389, 3.9; 95% CI, 1.3 to 11.7) (Fig.

N ENGLJ MED 368;15 NEJM.ORG APRIL 11, 2013

The New England Journal of Medicine

Downloaded from nejm.org by LUIGI GRECO on May 16, 2013. For personal use only. No other uses without permission.

Copyright © 2013 Massachusetts Medical Society. All rights reserved.

1403



1404

The NEW ENGLAND JOURNAL of MEDICINE

A IKZF3 B GsbDwmB C ORMDL3
P=0.95 P<0.001 P<0.001
6 o 6 6
o
o ]
o o
c 44 8 8 c 44 c 44 g
] o o
E le) i = o
7] o 7] n
g g g o g 8
a o a
g 2 8 2 g 2
] [ [}
2 2 2
= 5 5
€ o- € o & o4
o
-2 -2 -2
HRV U HRV U HRV

Adult Participants.

Figure 3. Expression of IKZF3, GSDMB, and ORMDL3 in Peripheral-Blood Mononuclear Cells (PBMCs) from the

Relative expression levels are shown in unstimulated (U) and HRV-stimulated (HRV) PBMCs. Expression of IKZF3 was
measured in 96 paired samples, and expression of GSDMB and ORMDL3 in 97 paired samples. Each circle corresponds
to an individual participant. The horizontal lines show the mean expression levels. As compared with the expression
of IKZF3, GSDMB, and ORMDL3 in unstimulated cells, the mean expression of these genes in HRV-stimulated cells
was increased by a factor of 1.01, 1.29, and 2.17, respectively.

2B, and Table S5A in the Supplementary Appen-
dix) but not in children who had not had an HRV
wheezing illness (odds ratio for the TT genotype
at rs7216389, 0.7; 95% CI, 0.2 to 2.4; P=0.08 for
interaction) (Fig. 2C, and Table S5A in the Supple-
mentary Appendix). The difference in the P values
for interaction between the COAST and COPSAC
birth cohorts is probably due to the smaller num-
ber of children with asthma in the COPSAC co-
hort. There was no interaction between 17q21
genotype and RSV wheezing illness in the COPSAC
cohort, a finding consistent with that in the
COAST cohort (P=0.29 for interaction) (Table S5B
in the Supplementary Appendix). A combined
analysis (meta-analysis) of the results in the COAST
and COPSAC samples, with the use of Fisher’s
test, yielded a P value of 0.003 for the interaction
between 17q21 genotypes and HRV wheezing
illness and a P value of 0.30 for the interaction
between 17q21 genotypes and RSV wheezing ill-
ness with respect to the risk of asthma.

TRANSCRIPTIONAL RESPONSE TO HRV STIMULATION
We hypothesized that exposure to HRV might al-
ter the expression levels of one or more of the
17921 genes, possibly in a genotype-specific fash-
ion. To test this hypothesis, we examined the ex-
pression patterns of the five 17q21 genes in un-
stimulated PBMCs and in HRV-stimulated PBMCs

N ENGL J MED 368;15

from 100 adults. Of the five genes at this locus,
only IKZF3, GSDMB, and ORMDL3 transcripts were
amplified in PBMCs in both stimulated and un-
stimulated conditions. As compared with the ex-
pression of IKZF3, GSDMB, and ORMDL3 in un-
stimulated cells, the expression of these genes in
HRV-stimulated cells was increased by a factor of
1.01, 1.29, and 2.17, respectively (P=0.95, P<0.001,
and P<0.001, respectively) (Fig. 3).

To examine genotype-specific effects on tran-
script levels of the three expressed genes in un-
stimulated cells and in HRV-stimulated cells, we
stratified participants according to genotype at
rs7216389. The rs7216389 genotype was associat-
ed with transcript levels of GSDMB and ORMDL3,
but not IKZF3, in both unstimulated and HRV-
stimulated cells (Fig. 4), a finding that was con-
sistent with the results of previous studies.>12:13
The relative increase in the expression of GSDMB
and ORMDL3 after exposure to HRV was not, how-
ever, associated with 17q21 genotype (Fig. S2 in
the Supplementary Appendix). These same trends
were observed when we limited our studies to par-
ticipants of European ancestry. In addition, in ge-
nomewide gene-expression data from the same
100 participants, the 17q21 genotypes were not
significantly associated with expression levels of
any non-17q21 genes in either unstimulated or
HRV-stimulated cells (data not shown).
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Figure 4. Association between rs7216389 Genotype
and Expression of 17q21 Genes in Unstimulated

and HRV-Stimulated PBMCs.

Relative expression levels of IKZF3, GSDMB, and
ORMDL3 are shown according to 1721 genotype in
unstimulated and HRV-stimulated PBMCs. The sample
size of each genotype group is shown in parentheses
under the horizontal axis. Each circle corresponds to
an individual participant. The horizontal lines show
the mean expression levels. The P values indicate the
significance of the association between the number of
T alleles and gene expression.

DISCUSSION

We have found a significant interaction, in both
the COAST and COPSAC birth cohorts, between
17921 genotypes and HRV wheezing illness in
early life with respect to the development of
childhood-onset asthma, such that associations
between 17q21 genotypes and asthma are re-
stricted to children with HRV wheezing illness in
early childhood. These findings are consistent
with those of a previous study that showed inter-
actions between SNPs at the 17q21 locus and ret-
rospective reports of respiratory illnesses in early
life (P=0.02 for interaction)'° and with reports of
more significant associations between 17q21 vari-
ants and asthma among children exposed to en-
vironmental tobacco smoke in early life than among
those without such exposure.#°'* Exposure to
environmental tobacco smoke is associated with
increased rates of early viral illnesses,?® and a
large body of literature links both exposure to
environmental tobacco smoke and early viral ill-
nesses to an increased risk of asthma.'82%23 Qur
results implicate an interaction between HRV
wheezing illness in early childhood and 17q21
genotype. The odds ratio for childhood asthma
among children in the COAST cohort who were
TT homozygotes at rs7216389 and had had a
wheezing HRV illness was 26.1 (95% CI, 5.1 to
133.0), as compared with odds ratios for child-
hood asthma of 2.3 (95% CI, 1.0 to 5.2) with the
TT genotype by itself and 5.2 (95% CI, 2.8 t0 9.9)
with HRV wheezing illness by itself; the effects
of each are not merely additive but are due to an
interaction.

There are some limitations of our study. First,
because HRV is the most common virus encoun-
tered, we cannot exclude the possibility that the
absence of an observed interaction with RSV is
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due to insufficient power. Second, we analyzed
viral exposure in children with wheezing illness,
and we cannot establish causality; it may be that
HRV wheezing illness is merely a marker of the
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underlying predisposition for asthma and is not
causal. Finally, we were unable in this study to
evaluate the role of concomitant bacteria, which
also triggers episodes of wheezing.'”

Although the functions of the genes at the
17921 locus are not well understood and the
mechanisms leading to asthma are unknown, it
has previously been suggested that ORMDL3 may
play a role in viral respiratory infections.?* The
ORMDL3 protein localizes to the endoplasmic
reticulum membrane, where it regulates endo-
plasmic reticulum-mediated calcium signaling
and the unfolded-protein response,?> probably
through the ATF6 pathway.2® The induction and
manipulation of unfolded-protein-response sig-
naling are mechanisms through which viruses
protect host cells from death mediated by endo-
plasmic reticulum stress.?” The significant up-
regulation of ORMDL3 transcript in HRV-stimu-
lated cells and the association between 17q21
variants and the number of HRV wheezing ill-
nesses are consistent with this role and suggest
that overexpression of ORMDL3 may increase the
efficiency of the infection or viral replication in
respiratory epithelial cells, which are the site of
HRV infection and replication, and possibly re-
duce the ability of these cells to repair them-
selves after HRV infection. Little is known about
GSDMB, other than that it belongs to the cancer-
associated gasdermin domain—containing protein
family?®2° and might be involved in secretory
pathways2® and stem-cell proliferation in normal

epithelia.?® Further studies of the effects of the
17q21 genotype in response to HRV infection in
respiratory epithelial cells and in the presence of
concomitant bacteria could shed additional light
on the mechanism for the observed interaction.
Moreover, studies of the effects of RSV and of
other respiratory viruses on 17q21 gene-expression
levels would allow us to determine whether the
increased expression levels of ORMDL3 and GSDMB
are specific to HRV stimulation.

In summary, this study establishes a role of
17g21 variants in the development of HRV wheez-
ing illnesses during early childhood and shows
that the effects of the 17q21 genotype on the
susceptibility to asthma are seen primarily in the
subgroup of children who have had an HRV wheez-
ing illness in early childhood. Our results under-
score the importance of studying the joint ef-
fects of genetic and environmental risk factors to
gain a fuller understanding of the mechanisms
underlying complex diseases.
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