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Methods: We performed meta-analyses of genome-wide
association study on early-onset wheeze, defined as recurrent Abbreviations used

wheeze or asthma in the first 3 years of life, and its subtypds, CA: Current asthma

including early transient and persistent wheeze, defined by CDHR3: Cadherin-related family member 3
asthma/wheeze at age 3 and subsequent remission or persistencg CL Confidence interval S

at age 6, respectively. The discovery analyses included data o EAGLE: EArly Genetics and Lifecourse Epidemiology

. s e EOW: Early-onset wheeze
more than 13,000 children from 15 cohorts; replication was FDR: False discovery rate

=2

sought through meta-analyses of data from 7 additional cohortp FEV,: Forced expiratory volume in 1 second

including up to 5000 children. Genetic variants associated with FVC: Forced vital capacity

asthma-related traits in adulthood (adult asthma, atopy, GABRIEL: Multidisciplinary Study to Identify the Genetic and
eosinophils, and lung function) were used to quantify the degrde Environmental Causes of Asthma in the European
to which genetic risk influencing asthma-related adult traits als Community

influences genetic risk of preschool wheeze. GSDMB: Gasdermin B

Results: Variants near th&SDMB gene in the 17q region showed GSMR: Generalised Summary-data—based Mendelian

Randomisation
GWAS: Genome-wide association study
HGF: Hepatocyte growth factor
LD: Linkage disequilibrium

genome-wide significant association with early-onset wheeze
(rs2305480; odds ratio [95% confidence intervaH 1.26 [1.17-
1.33], P = 2.30E-16) and persistent wheeze (rs11078926; 1.43

[1.30-1.578], P = 2.14E-11), but not with early transient wheeze OR: Odds ratio

(rs1054609; 1.08 [0.98-1.18]P = .094). Other known asthma loci PEF: Peak expiratory flow

were associated with early-onset wheeze, particularlGDHR3. PEW: Persistent early wheeze
Additionally, increased genetic risk to early-onset wheeze was SNP: Single nucleotide polymorphism
associated with genetic risk for asthma at older ages, atopy, TEW: Transient early wheeze

eosinophil count, and lower adult lung function. This was driv
by persistent wheeze, whereas transient early wheeze was only
associated with low lung function.

Conclusions: Preschool wheeze phenotypes displayed distinct
patterns of single nucleotide polymorphism associations and
genetic enrichment with asthma-related traits. These results

indicate distinct etiologies of wheeze phenotypes, which could initions.of asthma. )
inform studies in optimization of prevention and treatment In this study, we performed a GWAS using data from the

strategies. (J Allergy Clin Immunol 2025;156:1537-46.) EAGLE (EArly .Qen‘eti‘cs and  Lifecourse _Epidemiology? and
GABRIEL (Multidisciplinary Study to Identify the Genetic and

Key words: Preschool wheeze,17q21-12, genome-wide association  Environmental Causes of Asthma) consortia'®in order to create
study, genetic overlap,asthma comorbidities what is to our knowledge the largest study of temporal wheeze
phenotypes in early life, comprising data from more than
18,000 children from 22 studies. We examined -early-onset
Asthma and asthma-like symptoms occurring in children ofwheeze, defined as recurrent wheeze or asthma in the first 3 years
preschool age, often termegreschool wheeze,is a heterogenous of life, as well as subtypes of early-onset wheeze in terms -of tran
and poorly understood clinical syndrome with both genetic andient early wheeze, with symptoms resolving before age 6, and
environmental etiologies. It is common in childhood as thpersistent early wheeze, with symptoms persisting to age 6. We
most frequent cause of acute hospitalizations in early life, andaiso investigated current asthma by age 6, defined as cross-
is associated with a substantial burden on quality of life feactional asthma at age 6 irrespective of age at onset. Because
affected children and families as well as socioeconomic costef the small number of children with late-onset wheeze across
for society!® The incomplete understanding of recurrent pre the studies, a specific GWAS on this phenotype was not
school wheeze is probably a main reason for current treatmemperformed. Our objective was to characterize genetic differences
insufficiency and prevention of the disordetVheeze is often and similarities among the 4 phenotypes of preschool wheeze to
used to describe symptoms such as whistling in the chest whilduminate underlying molecular mechanisms.
breathing and can arise from various conditions such as bronchitis
or bronchiolitis, triggered by lower respiratory tract infections,
especially rhinovirus? Furthermore, recurrent wheeze in pre METHODS
school children is a strong risk factor for asthma at schodl agPreschool wheeze phenotypes
Evidence from twin studies estimates heritability to be as high asPreschool wheeze was defined as 3 or more wheezing episodes
80% for childhood asthma and 60% for ever having wheezed during an asthma diagnosis before the age of 3. Transient early wheeze
childhood.”” Multiple susceptibility loci have been discovered in(TEW) was defined as preschool children with wheeze who were
genome-wide association studies (GWAS) on asthmd; but little  free of symptoms between ages 5 and 7 years. Persistent early
is known regarding genetic determinants of preschool whééads-  wheeze (PEW) included children with preschool wheeze and one
ing specific phenotype definitions may have improved power fer disheezing episode or an asthma diagnosis between ages 5 and 7
covery of susceptibility variants and thereby may elucidateyears. Early-onset wheeze (EOW) consisted of both TEW and
underlying mechanisms.” This is exemplified by previous studies PEW. Current asthma (CA) was defined by at least one wheezing
of severe exacerbations in preschool children identify@®HR3  episode or asthma diagnosis between ages 5 and 7 vyears,
(cadherin-related family member 3) as a novel susceptibilityirrespective of age at onset, thus including both PEW and children

gene,” and of longitudinal wheeze phenotypes from birth to 18 years
identifying ANXAI as associated with persistent wheeZ8,both of
which were not discovered in larger GWAS using less specific def
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with late onset of wheeze or asthma (after 3 years)I'{sde E1  preschool wheeze. Correction for multiple testing was performed

in the Online Repository available atww.jacionline.org). All by the Benjamini-Hochberg method.

children not fulfilling the case criteria were used as controls for

any subsequent phenotype. This approach was chosen to ensure

phenotype-specific signals by avoiding potential bias otherwisc Genetic similarity between adult traits and

introduced by excluding children with other asthma/wheeze -phe preschool wheeze

notypes or related traits from the control group. Late-onset Obtaining reliable estimates of genetic correlation (shared

wheeze or asthma was not analyzed separately in this studyeritability) using linkage disequilibrium (LD) score regresff‘on

because there were too few cases. was not feasible in this study. Instead, we leveraged a method
for Mendelian randomization to approximate genetic correlation
because the wheeze phenotypes displayed weak heritability (see

Discovery analysis Table E4in the Online Repository available wiww.jacionline.

A total of more than 13,000 individuals of European descent weweg). Previous studies have shown that methods for Mendelian
recruited from 15 separate research initiatives, all participating in tlrandomization are confounded by genetic correlation, and Mende
GABRIEL and EAGLE consortit'® Ethical approval was granted lian randomization and genetic correlation answer similar ques
by local research ethics committees for each individual study, arfdons.”” To characterize the genetic similarity of phenotypes with
participants or child’s legal guardians provided informed consentyelated traits, we instead utilized GSMR (Generalised Summary-
where applicable. Genotyping and subsequent imputation was -con data—based Mendelian Randomisation)” a tool originally devel
ducted within each study. Association analysis was executed by dogisoped for Mendelian randomization analysis to compare associa
tic regression models, implementing an additive model for singléion coefficients of alleles between traits from published GWAS
nucleotide polymorphisms (SNPs). Variants were excluded in theand GWAS of preschool wheeze. GSMR was selected for its ability
meta-analysis if they occurred in fewer than 3 studies, had a mitoraccurately account for sampling variance in both exposure and
allele frequency below 5%, or did not occur in the 1000 Genomm¥come GWAS, which was particularly important given the
Project reference panel® Table E2in the Online Repository available limited power the wheeze GWAS. We omitted the HEIDI-outlier
at www.jacionline.org provides inclusion criteria, quality control, and analysis because our study did not aim to establish causal inference
imputation of discovery cohorts. Fixed-effects inverse-variance (see the supplementary code provided in the Online Repository).
weighted meta-analysis was performed by METAL software (versionlhe related traits were included based on published large-scale
released May 5, 2020), producing heterogeneity statistics to ac GWASs on childhood-onset asthma, adult-onset asthrhaasthma
count for cohort-level differences such as genotyping platform andever,” severe exacerbations in early childhood,” allergic sensi
imputation tools. Functionally informed-score imputation was tization,” atopic dermatitis,” eosinophil count,” and lung fune
used to impute summary results to increase genotype demsgores  tion measurements.”’ Detailed ~descriptions of phenotype
were converted to log odds ratios (logOR) and standard errors usidgfinitions of included traits are provided in the Online Repository.
equations from Zhu et “dl(see the supplementary material in the Related traits were included as exposures and the wheeze pheno
Online Repository available atyww.jacionline.org). types as outcomes; the genetic overlap can be interpreted as a

logOR for wheeze status, given a unit increase in the genetic risk
of the related traits) Correction for multiple testing was per
Replication analysis formed by the Benjamini-Hochberg method.

Variants were carried forward to the replication phase on the basis
of .two criteria. Eirst, tikevalue shouk'i be less than Se-5. Secopd, theL ng development genes
variant must be in a locus not previously known to be associated w1lf!:r0 investicate if the wheeze phenotvpes were associated with
asthma. Because of the attenuated signal at the standard genome- .. =~ . & . ° P P .

. L - . genetic risk factors involved in lung development, we aimed to
wide mgmﬁcaqce cutoff (5e-8), we ut}llzed a more lirahlue 4 o cterize variants located near genes previously known to be
cutoff (5e-5) in the discovery analysis, allowing about 5% false- . . .

. 5 N involved in lung development. The list of genes was compiled as
Posmve results among thg selected variafitReplication was .sought described in Portas et il.We mapped SNPs to genes based on
in more than 5000 individuals of European descent recruited from ’? L. 32
different studies. Informed consent was gathered from the parents le oximity by BEDTools software.

g p
each individual replication study. The replication studies carried out
their own genotyping and quality contréhble E3in the Online Re RESULTS
pository available atwww.jacionline.org provides inclusion criteria, Discovery analyses
quality control, and imputation of replication cohorts. We included 3273 children with EOW, 977 who also had wheeze
at age 6 (PEW), and 1338 whose wheeze remitted (TEW). The
symptom trajectory for the remaining 2335 preschool children with
Analysis of known asthma variants wheeze was unknown across the discovery cohorts. We included

To investigate whether known asthma variants were associated2104 children with CA (Table I). The only locus that reached
with the wheeze phenotypes, we gathered lead variants from previogenome-wide significance in the GWAS was the known 17q12-21
GWASSs on asthma, including phenotypes of asthma &ver” adult  locus (17q). Variants at this locus were associated with 3 of the 4
asthma, childhood asthmd;*'* and early childhood asthma with-se phenotypes, namely EOW, PEW, and CA (Table II). We did not
vere exacerbations.”'”> This resulted in 207 independent variants find any genome-wide significant loci for TEW (Seg Eland
(r2 < 0.01) available for association with EOW, TEW, PEW, and?2 in the Online Repository available watvw.jacionline.org). The
CA. Variants showing similar direction of effect and a false discovelsad variant in the 17q region for PEW (rs11078926; odds
rate (FDR) below 5% were considered to be associated witlatio [OR] [95% confidence interval (CIH 1.43 [1.30-1.578],
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TABLE I. Number of cases and controls for phenotype by cohort

EOW TEW PEW CA

Cohort Cases Controls Cases Controls Cases Controls Cases Controls

Discovery
ALSPAC 1272 4667 496 5193 338 5873 682 5020
BAMSE 141 341 62 420 65 417 236 246
COPSAC;000 61 255 15 303 48 288 45 262
DNBC 103 850 42 850 12 850 32 850
EGEA 203 1632 — — — — —
GENR 667 2294 383 1985 109 2259 286 3089
INMA 163 644 91 648 50 692 139 636
LISA/GINI 74 963 46 1005 27 1100 118 1009
MAAS 294 568 151 545 143 719 166 696
MOBA 88 528 — — — — — —
PIAMA 125 252 52 317 55 306 62 317
RAINE 82 1116 — — — — — —
MAGICS — — — — 130 397 284 397
B58C T1DGC — — — — — — 40 2215
B58C WTCC — — — — — — 14 1319
Total 3273 14,110 1338 11,266 977 12,901 2104 12,970

Replication
SWS 358 846 131 589 94 626 246 492
CAPPS/SAGE 81 182 50 149 21 149 49 201
NTR 150 1886 34 1992 112 1914 — —
COAST — — 14 187 — — — —
COPSACy019 124 555 88 559 30 617 146 501
SEATON 81 492 35 533 46 522 80 451
Isle of Wight 161 847 68 917 65 920 179 768
Total 1235 6120 734 6589 471 6171 725 3928

Dashes indicate that it was not possible to define all phenotypes in every cohort.

TABLE Il. Association of 17912 locus represented by rs7219923 across wheeze phenotypes

Nearest EA/
Phenotype gene SNP NEA OR 95% CI P value No.
EOW GSDMB 17219923 T/C 1.24 1.173-1.311 3.05E-14 17,383
TEW 1.063 0.979-1.153 1423 12,604
PEW 1.369 1.237-1.516 1.28E-09 13,878
CA 1.335 1.241-1.438 1.33E-14 15,074

P =2.14E-11), EOW (rs2305480; 1.26 [1.17-1.33,= 2.30E-16),  Analysis of known asthma variants
and CA (rs1008723; OR 1.38 [1.30-1.58,= 1.75E-17) were all In total, 207 independent SNPs were used to characterize
strongly correlated (minimum2=0.82) (seeTable ESin the Online genetic similarity of the wheeze phenotypes to the known
Repository). All suggestive SNPs within a 1 Mb winddw @01)  genetics of asthma. In total, 86 of 207 SNPs were nominally
of a suggestive locus are shown Table E§ and the number of associated (P<.05) with the same direction of effect, such
additional SNPs obtained from functionally inform&eécore impw  that the risk allele for asthma was also associated with
tation is shown filable E7, both available in the Online Repositorya higher risk of wheeze. Nine SNPs passing nominal signif
icance showed the opposite direction of effect (fable E9
Replication analysis in the Online Repository available atvww.jacionline.org).

For replication, we included 1235 children with EOW, with 471 Mostof the significant associations with the same direction of
who also had wheeze at age 6 (PEW) and 734 whose wheeze remittfiéct were seen for EOW, PEW, and CA (BigFour loci
(TEW), with only 30 children with unknown wheeze trajectoriepassed correction for multiple testing (FDBR0.05) with diree
We included 725 children with CA (Table I). Ten suggestive SNBenal consistency in EOW, namel¢SDMB (gasdermin B),

(P < 5e-5) in the discovery phase were unknown asthma loci andDHR3, IL33, and 5S-rRNA. Only GSDMB passed FDR in
were carried forward to the replication phase (TableNéone of these PEW. Last, 7 loci passed FDR in CA, specificAlRXN2,
SNPs showed evidence of replication in independent cohorts. Oné&;SDMB, HLA-DRA,both IL33 loci, Mir633, and WDR36. For
variant, 152214823 neatIGF (hepatocyte growth factor) with sug TEW, limited directional replication was present €p 0.03,
gestive association to TEW, showed a trend toward significance i =.604), and no loci passed FDRDHR3 was the only locus
the replication phase (OR [95% CGF1.11 [0.99-1.26],P = .071) with a positive association with TEW (rs6967330-A, 6GR
(Table III) and was only associated with TEW Tséde E8in the 1.12, P =.044), and had previously been associated with-pre
Online Repository available atww.jacionline.org). school asthma.’
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TABLE lll. Association results containing novel variants carried forward to replication stage

Discovery +
Discovery Replication replication
Nearby OR (95% OR (95% OR (95%

Phenotype SNP gene Cl) P N Phet Cl) P N Phet Cl) P Direction

TEW Chr7 HGF 1.25 2.32E-07 12, 604 .116 1.11 .071 7,323 .066 1.20 1.52E-07 ++
1s2214823-A (1.15-1.35) (0.99-1.26) (1.12-1.29)

EOW Chr18 DccC 1.16 2.33E-07 17, 383 .933 0.95 37 7, 355 307 1.13 3.93E-06 +-—
rs11877254-A (1.10-1.23) (0.85-1.04) (1.07-1.18)

PEW Chr6 ARGI 1.75 3.48E-07 13, 878 .069 0.72 33 6,642 325 1.38 6.22E-06 +—
1s6941858-G (1.41-2.17) (0.38-1.38) (1.24-1.49)

CA Chr9 PRUNE?2 1.35 3.97E-07 15, 074 .749 1.03 76 4, 653 .761 1.26 5.30E-06 ++
rs12554253-T (1.20-1.51) (0.84-1.26) (1.14-1.39)

EOW Chrl2 RPL31P10 1.15 8.75E-07 17, 383 .012 1.00 93 7, 355 934 1.09 8.26E-04 ++
rs12817967-A (1.09-1.22) (0.91. 1.10) (1.04-1.15)

EOW Chrl5 ADAMTSL3 1.15 1.22E-06 17, 383 .993 1.01 79 7, 355 .793 1.11 391E-05 ++
rs1896796-A (1.09-1.22) (0.92-1.11) (1.06-1, 17)

CA Chr10 SLC29A3 1.29 1.36E-06 15, 074 .954 1.06 S5 4, 653 .504 1.23 6.87E-06 ++
rs12767108-A (1.17-1.44) (0.89-1.27) (1.12-1.35)

PEW Chrl CAMTAI 1.37 1.71E-06 13, 878 .102 1.00 99 6, 642 .998 1.20 490E-05 ++
1$3752543-C (1.21-1.56) (0.81-1.23) (1.11-1.29)

EOW Chrl SLC35D1 1.30 1.74E-06 17, 383 .479 0.97 8 7, 355 .796 1.16 4.30E-04 +—
rs12082330-G (1.17-1.45) (0.82-4.46) (1.07-1.23)

TEW Chr6 SLC22A2 1.27 3.29E-06 12, 604 .711 1.10 25 7, 323 .098 1.14 8.18E-04 ++
rs505000-C (1.15-1.40) (0.93-1.29) (1.06-1.21)

Results from both phases are shown for allele conferring risk in discovery Phasindicates P value for heterogeneity test across included cohorts.

Genetic similarity between adult traits and It clearly represents heterogeneous mechanisms, as also indicated
preschool wheeze by the different temporal subtypes, with a large proportion of
EOW significantly overlapped with most of the asthma-relatechildren experiencing remission before age”6. Diagnosing and
traits, including asthma at older ages, eosinophil count, allergisubtyping wheezing illnesses in the first 3 years of life is chal
sensitization, and lung function. A similar pattern of associatiokenging both clinically and in a research context. The mechanistic
was seen for PEW, with significant overlap with 6 of 10 traits, #derstanding of this process remains a black box because of the
CA with overlap for 9 of 10 traits. TEW showed a distihepited lung function assessment options and the absence of
association pattern compared to the other phenotypes, and onljnarkers of airway inflammation in this age group. For this reason,
showed significant overlap with peak expiratory flow (PEF) (ORnany clinicians and researchers are hesitant to diagnose asthma
[95% CI]= 0.64 [0.48-0.86],P = 2.73e-3). Forced expiratory before age 3.
volume in 1 second (FEYforced vital capacity (FVC) ratio Our GWAS of recurrent wheeze or asthma before age 3 years
(0.79 [0.64-0.98], P = .032) and asthma exacerbations (1.12 (EOW) showed genetic similarity, with some of the traits also
[1.004-1.24], P = .041) showed nominally significant overlap characterizing later asthma, including blood eosinophil count,
with TEW (Fig 2). Results are shownTibles El0and E11, allergic sensitization, and lower lung function. This indicates that
and scatter plots of SNP effect sizes between traits and preschowime of the mechanisms involved in later asthma are also
wheeze are shown ifiigs E3-E13, all of which are in the Onliné1volved in wheeze in the first 3 years of life, including
Repository available atvww.jacionline.org. eosinophilic inflammation. However, even though there was an
overlap between previously reported asthma loci and EOW-
associated loci (Fig 1), the pattern of association was different for
Lung development genes EOW compared to studies in older children and adults. The 17q
When only considering variants closest to genes associated withocus showed much stronger association than the remaining
lung development, the number of statistical tests was reduced frogsthma loci; the second strongest locus WARHR3, which was
~3.IM to~10K. The variant rs2214823 near tREGF gene was DOt the case for childhood-onset asthma (before 12 years) or
significantly associated with TEW after correcting for multipléddult-onset asthma (onset between 26 and 60.5 yelrs).
testing (seeFigs El4and E15 in the Online Repository available The 17q locus (at chromosome 17q12-21) is one of the strongest
at www.jacionline.org). No other signals were detected across theand most robustly replicated asthma locilt is specifically assoei
4 phenotypes. The TEW risk allele of rs2214823 was associatedted with childhood-onset asthma and increases the susceptibility
with a lower PEF in adults &P 6.86e-03), but not FEVor to rhinovirus respiratory illnesset. The locus spans several genes,
FEV/FVC (seeTable El2in the Online Repository). but recent evidence points towardSDMB as the causal asthma
gene in the regioti. GSDMB is involved in a form of programmed
cell death callegpyroptosis, resulting in excessive airway inflamma
DISCUSSION tion after triggers such as viral infectiolsSCDHR3 was discovered
Wheeze in preschool age, and particularly in the first 3 yearsibfa GWAS of asthma with severe exacerbations at age 2-6°years,
life, is a common clinical syndrome that is still poorly understogtid it was later demonstrated that CDHR3 acts as a rhinovirus
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FIG 1. Left, Volcano plots of 4 wheeze phenotypes: EOW, TEW, PEW, and CA (top to bottom). Pink dashed
line indicates FDR < 0.05; blue dashed line, nominal significance level (P<.05). Plots show if there is trend in
risk effects of known asthma variants and effect in wheeze, with log odds for wheeze status on x-axis and
—logqo(P value) on y-axis. Right, Variants with nominally significant association in at least one phenotype.
Cells are colored according to logOR; stars indicate level of significance (+P < .05, *FDR < 0.05).

C receptor® and increases the risk of rhinovirus C respiratory illStudy (n= 125) found that TEW was associated with lower lung
nesses in the first 3 years of Tiffnterestingly, there is interaction function shortly after birth, while PEW had normal lung function
between 17q andCDHR3 risk variants, so that th€DHR3 risk  at birth and lower lung function at agel6.contrast, the Perth
variant only increases the risk for severe asthma exacerbations- in inirth cohort study (& 243)*' reported reduced infant lung func
dividuals carrying at least one 17q risk alléfBhis indicates a com tion in children with PEW but not TEW, while COB§ACwith
mon mechanism for these two loci, potentially involving arhigher statistical power (& 403), found that persistent wheeze
exaggerated inflammatory response to viral infections, and on thavas associated with reduced lung function already at birth, with
basis of our genetic findings, this mechanism seems to be particulafiyrther reduction to age 7 years, and transient wheeze showed a
important in the pathogenesis of EOW. trend of reduced lung function at biithThe large ALSPAC
Our two subtypes of early-onset wheeze, PEW and TEW, differedtudy (n= 6265) reported reduced lung function at age 7 for
in their pattern of genetic associations. PEW showed similarity both transient and persistent wheezé. Regarding atopic traits,
genetic risk with asthma, eosinophil counts, and low lung functiamost studies have shown that persistent (but not transient) wheeze
and showed associations to previously reported asthma genes. Iis associated with atopic traits such as allergic sensitization
contrast, TEW was mainly influenced by risk of low PEF ailthe literature thus suggests that wheeze restricted to the first 3
possibly also FEY/FVC and preschool asthma exacerbations. These years of life is associated with reduced lung development and
results suggest that distinct genetic mechanisms underlie TEWearly lung function decline, while wheeze persisting after 3 years
compared to PEW, although we cannot exclude the notion that more atopic in nature, but that both etiologies involve reduced
lack of statistical power due to low heritability can play a role. lung function by the age of 6, possibly through different mecha
Several nongenetic studies have compared TEW and PEW imisms. Our analysis of shared genetic influence supports these
terms of associated traits. The Tucson Children’s Respiratoryfindings by showing that genetic risk for low PEF and possibly
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FIG 2. Log odds ratios increase for wheeze risk of shared genetic influence between adult traits and
preschool wheeze. Association results of variant coefficients between adult traits (y-axis) and preschool
wheeze (boxes), including 95% confidence intervals for association result. Stars indicate significance of
association (+P < .05, *FDR < 0.05).

low FEV//FVC and asthma exacerbations are associated withadolescence.'® The identifiedANXAI variant was not present in

TEW, while PEW and CA were consistent with genetic risk four study, and we had no strong tagging variant, potentially due
asthma at older ages, atopy and lung function. In line with dorthe low allele frequency (~2%). We were therefore unable to
results, a study from the PIAMA cohort showed that TEW wtest if this variant replicated in our study.
associated with known chronic obstructive pulmonary disease Inthe replication phase, a single variant rs2214823 odérF
genes.”” Overall, this suggests that TEW is distinct fronshowed a trend toward replication. TREGF variant also showed
childhood asthma and more likely involves impaired lung develsignificant association to TEW after adjustment for multiple
opment, and as a result impaired respiratory function. testing when considering only genes involved in fetal lung devel
We did not identify novel susceptibility loci at the genomepment. No associations were found between H&GF variant
wide association level in our study. A recent GWAS of tempomld EOW, PEW, or CA. Additionally, we found that the variant
childhood wheeze phenotypes was performed in 9658 subjectswas associated with PEF in the UK Biobank (ukbiobank.ac.uk),
from the STELAR and UNICORN cohorts. This study utilizedndicating a possible role in adult lung function. Even though
latent class analysis—derived temporal phenotypes based onreplication failed for rs2214823, these results suggest that TEW
5 time points to define wheeze trajectories from birth to 18 yeamay be predisposed to wheeze in early childhood as a result of
and identified one novel genome-wide significant variant neamnderdeveloped airways, a view shared by Martinez ¢t HGF
ANXAI associated with wheeze persisting from birth untilhas been implicated in pulmonary fibroSisnd is also expressed
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in embryonic lung tissuet) " suggesting it may play a role inother traits using the standard approach of LD score regression.
both tissue repair and lung development. LD score regression is more robust than our approach because
We found that the 17q12-21 locus was strongly associated withD structure is taken into accoufit.
EOW, PEW, and CA but not TEW, despite the relatively largeThe strength of GWAS is the unbiased approach to identifying
sample size in the discovery phase. In contrast to our findingsmechanisms involved in the disease pathogenesis as future thera
study combining multiethnic US birth cohorts (CREW) foundpeutic or preventive targets. However, genetic variants on their own
associations between multiple 17q variants and latent classare generally weak and have limited predictive potential, as
analysis—derived transient wheeze from O to 11 yéain the pre  demonstrated in previous asthma GWASS.Adding exposure data
sent study, we used a different approach to define transienmay lead to more precise risk estimates, and improved prediction
wheeze based on children who wheezed more than 3 times might also be obtained in the future using more downstream and dy
were diagnosed with asthma before age 3. Simultaneously, theyamic biomarkers, such as gene expression, methylation, and- pro
were completely free of wheeze and asthma at age 6. This cemin levels. Our genetic findings indicate that GSDMB and
trasts with the definition in the CREW study, in whid®%  CDHR3-related pathways are promising targets for improved treat
wheezed at age 6, meaning that their transient phenotype couldent and prevention of early-onset wheeze and asthma.
potentially overlap with our persistent phenotype. In line with In conclusion, we performed what is to date the largest GWAS
our findings, a study combining UK birth cohorts (STELAROn recurrent wheeze or asthma in the first 3 years of life and found
found no association between transient wheeze and 17q in 771the strongest signals for the 17q @ifPHR3 loci, both of which
children.”* It should be noted that some cohorts in the two studizse implicated in responses to respiratory infections. This pheno
described above participated in the discovery phase of this studgype also showed genetic similarity with asthma at older ages and
In our study,CDHR3 was associated with both persistent asthma-related traits in terms of blood eosinophils, allergic sensi
(OR = 1.17, P = 6.2e-3) and transient wheeze (OR= 1.12, tization, and low lung function. The genetic similarity with atopic
P =.044). The STELAR study found tHaDHR3 was associated traits was driven by children with symptoms persisting to age 6,
with persistent and intermittent wheeze, but not with transient andhile children with symptoms that remitted before age 6 only
late-onset wheeze. This contradicts our findings, but our definishowed similarity to genetics of reduced lung function in -adult
tion of TEW differed slightly from that of STELAR in that weod and risk of early-life asthma exacerbations. These results
required at least 3 episodes of wheeze before the age of 3-to claggest that TEW is influenced by other molecular mechanisms
sify TEW, in contrast to a single episode in STELAR. The hightlran persistent phenotypes. Future studies should investigate the
symptom burden of TEW in this study may explain the differes¢netic mechanisms and biomarkers of early-onset wheeze to
results. both improve prediction of the disease course and improve dis
This study represents what is to our knowledge the largestase treatment.
GWAS of preschool wheeze phenotypes to date, providing a
resource for understanding the genetic background of wheezing

and asthma-like symptoms in preschool children. Another studypeclaration of generative Al and Al-assisted
strength is our inclusion of a large number of Well—characteriz%chnologies in the writing process

birltlh choho[)ts W,]th Yvheezeh phf:l}(oty?es cllllarl.';lf:terized longitudi During the preparation of this work, the authors used ChatGPT
nally, thereby minimizing the risk of recall bias. in order to improve readability and clarity. After using this tool,

Preschool wheeze is a heterogenous. and poorly defined- SYMhe authors reviewed and edited the content as needed and take
drome. To be able to perform a sufficiently powered GWAS, w, 1l responsibility for the publication’s content.

used all available cohorts with genotype and phenotype data, an

we standardized the criteria for defining wheeze/asthma as much

as possible. This resulted in similar but not uniform definitions, HSCLOSURE STATEMENT

shown inTable E2 Lung function assessments in preschool age is Copenhagen Prospective Studies on Asthma in Childhood
difficult, and few cohorts have information on reversible airflofyCOPSAC) is funded by private and public research funds, which
limitation in this age group. In order to achieve statistical powg#e all listed omvww.copsac.com. The Lundbeck Foundation,
for a GWAS, we therefore had to rely on wheeze symptomanish State Budget, Danish Council for Strategic Research,
observed by parents and/or physicians as indirect measures oPanish Council for Independent Research, and Capital Region
airflow limitation. Similarly, we did not verify the asthma-diaResearch Foundation have provided core support for COPSAC.
nosis at 5 to 7 years via spirometry because only some childfBRe study is further supported by the following National Institutes
could perform a reliable spirometry maneuver in this age, angf Health grants: ROl HL129735 and ROl HL141826. C.E.W.
often a single baseline measurement would be an insufficient bayas supported by the Swedish Heart-Lung Foundation i(Hj

sis for a diagnosis. It is another limitation of our study that weldiflgfonden 20170734, 20180290). This project has received
not include a late-onset wheeze phenotype. This decision wapunding from the European Research Council under the European
made because of the expected low numbers of children witlinion’s Horizon 2020 research and innovation program (grant
this phenotype, which therefore limited statistical power duringagreement 946228).

data analysis. Also, in spite of being the largest GWAS en pre Disclosure of potential conflict of interest: The authors declare
school wheeze to date, the sample sizes were still relatively smahlat they have no relevant conflicts of interest.

compared to previous GWAS using other definitions of asthma, Data-sharing statement: The COPSAC biobank is publicly avail
which is also reflected in the paucity of genome-wide significanble at the Danish National Biobankvyw.biobankdenmark.dk),
associations. Given the limited statistical power in our discoverynd data will become available in the Danish Data Archive (www.
analyses, we were not able to estimate genetic correlation withy.dk) upon request to the corresponding author.
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summary data from GWAS and eQTL studies predicts complex trait gene targets.
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This article is dedicated to the memory of our wonderful colleague ardd.
friend, Professor John Henderson (1958-2019), whose contribution to our
work cannot be overstated. In addition, we acknowledge the important work &f:
late professor Hans Bisgaard (1955-2022), who was the founder of COPSAC
and was head of the clinical research center for more than 25 years. Hans w,
dedicated, innovative physician-scientist who pushed the asthma research preting and reporting linkage results. Nat Genet 1995:11:241-7
field forward. He contributed immensely to pediatric research through they ojufsqottir TA, Theodors F. Bjarnadottir K, Bjornsdottir US, Agustsdottir AB, Ste
COPSAC birth cohorts, as well as a vast amount of other clinical studies Onfansson OA, et al. Eighty-eight variants highlight the role of T cell regulation and
childhood asthma. Hans’s impressive work and ideas live on in the studies airway remodeling in asthma pathogenesis. Nat Commun 2020:11:393

conducted in the birth cohort. Thank you for being a great inspiration to us23ll.Tsuo K, Zhou W, Wang Y, Kanai M, Namba S, Gupta R, et al. Multi-ancestry meta-
analysis of asthma identifies novel associations and highlights the value of

Clinical implication Preschool wheeze phenotypes displayqusn

distinct patterns of single SNP associations and genetic enr
ment with asthma-related traits, indicating different etiologi

25.
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