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Capsule summary (30/35 words)
An interleukin 4 receptor genetic variant (ILdf)576R) is common in children of African ancestry.
There is a gene-environment interaction betweenvidniiant, school endotoxin exposure, and asthma

symptoms.
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To the Editor:

Gene-environment interactions are thought to plestical role in determining asthma incidence and
severity. A human interleukin 4 receptor alphaicigene (L4R) variant that results in a glutamine to
arginine substitution at amino acid residue 57@R&-Q576R polymorphism) is associated with asthma
diagnosis and severity We have recently shown that the ILafiR"® variant promotes severe airway
inflammation by uniquely linking the IL4R to a gridwfactor-receptor-bound protein 2 (GRB2)-
dependent intracellular signaling pathway thatal@kzes allergen-specific regulatory T cells tovdr
mixed T32/Ty17 cell inflammatiorf. School endotoxin exposure is associated witmastmorbidity®.

High endotoxin exposure is associated with incréds@7 cell skewind, leading us to test the
hypothesis that there is an interaction betweenl#Ba-Q576R polymorphism, school endotoxin

exposure, and asthma symptoms.

The School Inner-city Asthma Study (SICAS) is agircenter prospective cohort study conducted
between 2008 and 2013 of children with persiststitraa attending inner-city elementary schools in a
northeastern United States cir{line Repository). Repeated assessment of asthma symptom days over
a 14-day period was assessed by parental or caretak/ey at three month intervals. One-week
classroom air samples were collected twice dultiegsthool year using charged particle samplers
(Quadra; Sharper Image/Camelot Venture Group); temdolevels were assessed using the Limulus
Amebocyte Lysate assdyGenotyping of théL4R®" andIL4R**"° alleles was carried out using the
amplification resistance mutation screen PCR mettardDNA was extracted from either whole blood

(Gentra Puregene Blood Kit; Qiagen) or saliva (pref2P; DNA Genotek).

The IL4AR-Q576R genotypes were modeled as a three-grougaratal variable Q/Q, Q/R, orR/R

genotypes, with th®/Q genotype as the reference group). To test thethgpis that the genotypes
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differed by self-reported race, Fisher's exactst@gtre performed. To test the hypothesis that a-gen
environment interaction was present, a multipliaterm between classroom endotoxin levels
(continuous) and genotype (3-level categoricalald€) was included in binomial family generalized
estimating equations with a logit link and an ovgpdrsion parameter. These models included only
observations during the school year, and adjustedde, gender, self-reported race, allergic Seasiin,
baseline asthma severity, use of asthma contmoitications, annual income, and season (usinglinea
and quadratic terms for days since school stalttstatistical analyses were performed in Stataioer
13.1 (StataCorp). Two-sided p-values of <0.05 veerssidered statistically significant for main etfgc

p-values of <0.10 were considered statisticallyiicant for interactions.

Baseline characteristics of the 236 children inetlith the analysis are depictedliable 1; 51.7% were
male, the average age was 8.0 + 1.9 years, and<elfdlentified as being Caucasian. The distritruti
of genotypes differed by race; 75.0%, 13.1%, and%®lof Caucasian, African-American, and Hispanic
children had th€)/Q genotype, whereas 0%, 47.6%, and 14.6% of Caugasidcan-American, and
Hispanic children had the/R genotype (p < 0.001). The frequency of @allele was highest in children
of Caucasian race, whereas the frequency oRtalele was the highest in children of African-Arican

or mixed race$upplementary Table 1). Median measured classroom endotoxin levels ®ére EU/nd
[interquartile range 7.4 — 71.8 EUJmin univariate analyses, the main effects ofgeaotype and of
classroom endotoxin levels on asthma symptomsadatideach statistical significance. In a multivegia
model, the effect of classroom endotoxin levelasthma symptom days varied by genotype (overall
interaction p-value = 0.09; pairwise interactiomgites forQ/R vs. Q/Q = 0.115R/R vs. Q/Q = 0.049).
Higher classroom endotoxin levels were associaiddfewer asthma symptoms for children with the
Q/Q genotype (OR 0.76 [0.55 — 1.04]), an equivocaaffor theQ/R genotype (OR 1.10 [0.78 - 1.55]),
and increased asthma symptoms forRlRgenotype (OR 1.34 [0.85 - 2.18jigure 1, Supplementary

Table2).
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In this study, we identify a gene-environment iat¢ion associated with pediatric asthma symptorew. F

gene-environment interaction studies involving tteRa-Q576R polymorphism have been performed.

In a humanized mouse model of the Il#R576 variantI{4ra™"®

mice), exposure of the mice to fine
and ultrafine particles from vehicular exhaust exbated allergic inflammation in association with
augmented mixed Th2/Th17 airway cell respofisdemonstrating the plausibility that interactions
between this allele and environmental exposuregibate to asthma morbidity. Similarly, an

exaggerated mixed Th2-Th17 cell inflammation maghartie the interaction between the ILdfR576

variant and endotoxin exposure.

Of note, high endotoxin exposure in the presendbad®/Q genotype was associated with a protective
effect against asthma symptoms. A pro-con effeetnofotoxin exposure on asthma has been well
described in epidemiologic studies. For examplscfiéret al ®, in an analysis of three large European
birth cohorts, reported a protective effect of géifé endotoxin exposure on later asthma develayrite
the Spanish cohort, an equivocal effect in the Garoohort, and a harmful effect in the Dutch cahort
Our findings support the possibility that thelR Q versusR variants influence the outcome of endotoxin

exposure on asthma.

Our study has a few limitations. Our sample size madest, thus we had limited power to detect
associations, and we were not able to accountdssiple confounding due to population stratificatixy
performing stratified analyses using self-reportszk. We did not validate our findings in an indegent
cohort, and there is linkage disequilibrium betwdenpolymorphism studied and othedR
polymorphisms; thus, our findings are preliminang avould need to be verified in larger studies.
However, it has been suggested that gene-envirdrintenactions contribute to racial disparities in
asthma outcomé’s United States poverty rates are highest in etminorities®; a prior nationwide study
found that poverty is associated with higher homogoxin exposur It is possible that the gene-
environment interaction we observed contributestial disparities in pediatric asthma. While ityniee

difficult to address individual home environmentahditions, a public health initiative addressihg t



125  environment of inner-city schools, where there lisgdn proportion of ethnic minorities, may improve

126  observed disparities in asthma.
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TABLES

Table 1. Baseline characteristics of study participantsioled during initial study visit, overall and
stratified by ILARX-Q576R genotype. P-values represent univariategeetween genotype.
Distribution of genotype differs by self-reportette, p < 0.001.

Characteristic Overall QQ QR R/R p-value
genotype genotype genotype
n 236 58 107 71
Age in years (meat sd) 796191 8.00t1.84 7.842.01 8.11+1.82 0.641
Male gender, n (%) 122 (51.7%)7 (26.6%) 62 (57.9%) 33 (46.5%) 0.216
Self-reported race, n (%) .0
Caucasian 12 (5.1%) B %%) 3 (2.8%) 0 (0.0%)
African-American 84 (B%) 11 (19.0%) 33(30.8%) 40 (56.3%)
Hispanic 82 (34.7%) 268%) 44(41.1%) 12 (16.9%)
Other 42 (17.8%) 11 (p9) 19 (17.8%) 12 (16.9%)
Mixed 16 (6.8%) 1(1.7%) 8 (7.5%) 7 (9.9%)
Annual income >$25,000, n (%) 104 (44.1%) 30 (51.7%) 46 (43.0%) 28 (39.4%) 0.359
Family history of asthma, n (%) 187 (79.2%) 43 (74.1%) 88 (82.2%) 56 (78.9%) 0.470
Physician diagnosis of hayfever/ 35 (14.9%) 7 (12.3%) 16 (15.0%) 12 (16.9%) 0.766

allergic rhinitis, n (%)
Physician diagnosis of eczema, n (% 108 (45.8%) 19 (32.8%) 52 (48.6%) 37 (52.1%) 0.065

Allergic sensitizatiori (%) 159 (67.4%) 40 (69.0%) 77 (P8)0 42 (59.2%) 0.195
Asthma severity (%) 0.742
mild 20 (8.5%) 2 (3.4%) 11 (10.3%) 7 (9.9%)
intermittent 47 (19.9%) 10 (17.2%) 21 (19.6%)16 (22.5%)
moderate 69 (29.2%) 18 (31.0%) 31 (29.0%) 2B)2A%)
severe 100 (42.4%) 28 (48.3%) 44 (41.1%) 2684®)
Controller medicatiofi use, n (%) 129 (54.7%) 30 (51.7%) 59 (55.1%) 5B3%) 0.864
Use of rescue inhaler > 1x/week (%) 51 (21.6%) (1°10%) 21 (19.6%) 19 (26.8%) 0.449

Asthma symptom days (mearsd)® 2.86£4.09 2.60t4.05 2.7%4.05 3.18:4.20 0.703

& Allergic sensitization was defined as any positiki prick test to 14 common aeroallergens or ifipdgE
level> 0.35kU/L on serologic testing

® Asthma severity is graded based on recommenddtiomsthe National Asthma Education and Prevention
Program, Third Expert Panel on the Diagnosis andddament of Asthma.

¢ Controller medications are defined as use of halad corticosteroid or leukotriene modifier, asesisained
by review of active prescriptions during baselinglg visit.

4 Number of days with asthma symptoms noted by parecaretaker in 14 days prior to initial clinitsi¢
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FIGURE LEGENDS

Figure 1. Predicted asthma symptom days per two-week padedciated with classroom endotoxin

levels (log-transformed) stratified by IL4RQ576R genotype demonstrates a gene by environment
(GxE) interaction. The overall interaction p-value.89) pairwise interaction p-values fQfR vs. Q/Q =
0.115,R/R vs.Q/Q = 0.049.
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Supplemental M ethods

Detailed descriptions of the School Inner-city AsthStudy (SICAS) study has previously been
published" 2 but will be briefly summarized here.

Sudy design

The School Inner-city Asthma Study (SICAS) is agircenter prospective cohort study of
children with persistent asthma attending inngy-eifementary schools in a northeastern United
States city from 2008-2013. Children with persiststhma attending these schools were
recruited based on established inclusion critetid) history of physician diagnosed asthma and
either current symptoms defined as cough, wheezimgtness of breath, or whistling in the
chest in the past 12 months, daily controller matitben use, or unscheduled medical visits for
asthma in the past year 2) attendance in graddeigarten through 6th grade at a school where
permission for environmental sampling had beeninbth Exclusion criteria included any
significant pulmonary disease other than asthmatt&irinformed consent was obtained from
each participant's parent or legal guardian, asdrdasvas obtained from each participant. The
protocol was approved by the Institutional ReviesaRl (protocol number 07-11-0465) and the
participating school system.

Sudy procedures

Screening questionnaires were collected each spripgrticipating schools to identify eligible
asthmatics. Eligible subjects were invited to mgpate in a baseline comprehensive clinical
phenotyping evaluation during the summer, whicluided a detailed questionnaire and allergy
skin testing (MultiTest device, Lincoln Diagnosti@ecatur, IL) or specific IgE (ImmunoCAP,
Phadia AB, Uppsala, Sweden) if skin testing wadreamdicated Self-reported race was obtained
during this baseline clinic visit by asking theldts parent or taker a multiple-choice questioricii®ws:
“How would you describe [CHILD]'s race, nationalitr ethnic background?” .

Home and classroom air and dust samples were sudasttyjcollected twice during the
academic school year and linked to enrolled studand the temporally closest longitudinally
collected health outcomes. Follow-up phone survesyie administered by study staff
approximately 3, 6, 9, and 12 months after theaitisit.

School exposure assessment was performed in trenthkpring of the school year. One week
classroom airborne dust samples were collectedywsiarged particle samplers (Quadra,
Sharper Image, California) based on a validatetbpod* °. Collected dust was extracted in
buffered saline and the endotoxin content was nmiedausing the Limulus amoebocyte lysate
assay (BioWhittaker Inc., Walkersville, MD).

The outcome of asthma symptom days is definedlesvi® and is the same as that used in prior
urban pediatric asthma studfé$ It is defined as the largest of the followingiahtes in the 2
weeks prior to each follow-up survey; 1) daytimesehing, chest tightness, or cough OR 2)
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days on which child had to slow down or discontipigey activities due to wheezing, chest
tightness, or cough OR 3) nights with wheezingsthightness, or cough leading to disturbed
sleep.

The IL4ARD-Q576R polymorphism is also referred to as the @4p551R polymorphism
depending on the amino acid numbering approach uSethotyping was performed on blood or
saliva samples collected during the baseline etialuauring the summer. Genotyping of the
ILAR®"® andIL4R™"® alleles was carried out using the amplificatiosisence mutation screen
PCR method on DNA was extracted from either whole blood (Gafuregene Blood Kit;
Qiagen) or saliva (preplT L2P; DNA Genotek).

Satistical Analysis

The ILARD-Q576R genotypes were modeled as a three-grougasatal variable Q/Q, Q/R, or
R/R genotypes, with th@/Q genotype as the reference group). We chose tpimagh because
we did not want to assume a linear dose-respoffiset ef the genotypes in our modeling
approach. School endotoxin exposure was modellad@g-transformed continuous variable
given the skewed distribution. To test the hypathsat the genotypes differed by self-reported
race, Fisher’s exact tests were performed. Taheshypothesis that a gene-environment
interaction was present, a multiplicative term lestw classroom endotoxin levels (continuous)
and genotype (3-level categorical variable) watuohed in binomial family generalized
estimating equations with a logit link and an ovgpdrsion parameter. These models included
only observations during the school year, and aeflfor age, gender, self-reported race,
allergic sensitization, baseline asthma severgg, af asthma controller medications, annual
income, and season (using linear and quadraticsténdays since school start). All statistical
analyses were performed in Stata version 13.146tap). Two-sided p-values of <0.05 were
considered statistically significant for main etfeg-values of <0.10 were considered
statistically significant for interactions.

Supplemental Results

In univariate analyses adjusting for repeated nreasof asthma symptom days in the same
participant, the average number of asthma symptayn th a 14-day period for these children
differed based on their IL4ARQ576R polymorphism status, with average symptoys theing
2.9+4.0,3.0+4.1, and 3.6 + 4.4 in childrenhatite wild type, heterozygote, and homozygote
mutant alleles, respectively, though these reslidt:iot reach statistical significance (p = 0.33).
Similarly, in univariate analyses, the associabetween classroom endotoxin exposure and
asthma symptom days did not reach statistical sogmice (OR= 1.11 [0.90,1.37], p=0.31).



90
91
92

93
94
95
96
97
98
99
100

101
102
103
104

Supplementary Table 1. Allele frequency by self-reported race for IL4Ra-Q576R

polymor phism.

Self-reported race

Q allele frequency

R allele frequency

White
Black
Hispanic
Other
Mixed

0.875
0.327
0.585
0.488
0.312

0.125
0.673
0.415
0.512

0.688

Supplementary Table 2. Predicted asthma symptom days per two-week period stratified by
IL4ARa-Q576R genotype and classroom endotoxin levels. There is a gene by environment
(GxE) interaction. The overall interaction p-value .89 pairwise interaction p-values Q'R
vs.Q/Q =0.115R/Rvs.Q/Q = 0.049.

Q/Q genotype

Q/R genotype

R/R genotype

10" percentile endotoxin
(3.06 EU/m)

3.6 [2.6—4.6] days

2.8 [1.9—3.6] days

3.1[1.9—4.4] days

90th percentile endotox
(153.11 EU/m)

2.6 [1.7—3.4] days

3.1[2.3—4.0] days

4.4 [3.1-5.7] days
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