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To the Editor

Gene-environment interactions are thought to play a critical role in determining asthma
incidence and severity. A human interleukin 4 receptor alpha chain gene (/L4R) variant that
results in a glutamine to arginine substitution at amino acid residue 576 (IL4Ra-Q576R
polymorphism) is associated with asthma diagnosis and severity 1. We have recently shown
that the IL4RaR576 variant promotes severe airway inflammation by uniquely linking the
IL4R to a growth-factor-receptor-bound protein 2 (GRB2)-dependent intracellular signaling
pathway that destabilizes allergen-specific regulatory T cells to drive mixed T2/TH17 cell
inflammation 2. School endotoxin exposure is associated with asthma morbidity 3. High
endotoxin exposure is associated with increased Ti17 cell skewing 4, leading us to test the
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hypothesis that there is an interaction between the ILARa-Q576R polymorphism, school
endotoxin exposure, and asthma symptoms.

The School Inner-city Asthma Study (SICAS) is a single-center prospective cohort study
conducted between 2008 and 2013 of children with persistent asthma attending inner-city
elementary schools in a northeastern United States city (Online Repository). Repeated
assessment of asthma symptom days over a 14-day period was assessed by parental or
caretaker survey at three month intervals. One-week classroom air samples were collected
twice during the school year using charged particle samplers (Quadra; Sharper Image/
Camelot Venture Group); endotoxin levels were assessed using the Limulus Amebocyte
Lysate assay 3. Genotyping of the /L4R9%76 and /L4RR>76 alleles was carried out using the
amplification resistance mutation screen PCR method 2 on DNA was extracted from either
whole blood (Gentra Puregene Blood Kit; Qiagen) or saliva (preplT L2P; DNA Genotek).

The IL4Ra-Q576R genotypes were modeled as a three-group categorical variable (Q/Q,
Q/R, or R/R genotypes, with the Q/Q genotype as the reference group). To test the
hypothesis that the genotypes differed by self-reported race, Fisher’s exact tests were
performed. To test the hypothesis that a gene-environment interaction was present, a
multiplicative term between classroom endotoxin levels (continuous) and genotype (3-level
categorical variable) was included in binomial family generalized estimating equations with
a logit link and an overdispersion parameter. These models included only observations
during the school year, and adjusted for age, gender, self-reported race, allergic sensitization,
baseline asthma severity, use of asthma controller medications, annual income, and season
(using linear and quadratic terms for days since school start). All statistical analyses were
performed in Stata version 13.1 (StataCorp). Two-sided p-values of <0.05 were considered
statistically significant for main effects; p-values of <0.10 were considered statistically
significant for interactions.

Baseline characteristics of the 236 children included in the analysis are depicted in Table 1;
51.7% were male, the average age was 8.0 + 1.9 years, and 5.1% self-identified as being
Caucasian. The distribution of genotypes differed by race; 75.0%, 13.1%, and 31.7% of
Caucasian, African-American, and Hispanic children had the Q/Q genotype, whereas 0%,
47.6%, and 14.6% of Caucasian, African-American, and Hispanic children had the R/R
genotype (p < 0.001). The frequency of the Qallele was highest in children of Caucasian
race, whereas the frequency of the Rallele was the highest in children of African-American
or mixed race (Supplementary Table 1). Median measured classroom endotoxin levels were
27.5 EU/m? [interquartile range 7.4 — 71.8 EU/m3]. In univariate analyses, the main effects
of the genotype and of classroom endotoxin levels on asthma symptoms did not reach
statistical significance. In a multivariate model, the effect of classroom endotoxin levels on
asthma symptom days varied by genotype (overall interaction p-value = 0.09; pairwise
interaction p-values for Q/Rvs. Q/Q = 0.115, R/Rvs. Q/Q = 0.049). Higher classroom
endotoxin levels were associated with fewer asthma symptoms for children with the Q/Q
genotype (OR 0.76 [0.55 — 1.04]), an equivocal effect for the Q/R genotype (OR 1.10 [0.78
- 1.55]), and increased asthma symptoms for the //R genotype (OR 1.34 [0.85 - 2.13],
Figure 1, Supplementary Table 2).
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In this study, we identify a gene-environment interaction associated with pediatric asthma
symptoms. Few gene-environment interaction studies involving the IL4Ra-Q576R
polymorphism have been performed. In a humanized mouse model of the IL4Ra-R576
variant (//4ra&R>76 mice), exposure of the mice to fine and ultrafine particles from vehicular
exhaust exacerbated allergic inflammation in association with augmented mixed Th2/Th17
airway cell responses °, demonstrating the plausibility that interactions between this allele
and environmental exposures contribute to asthma morbidity. Similarly, an exaggerated
mixed Th2-Th17 cell inflammation may underlie the interaction between the ILARa.-R576
variant and endotoxin exposure.

Of note, high endotoxin exposure in the presence of the Q/Q genotype was associated with a
protective effect against asthma symptoms. A pro-con effect of endotoxin exposure on
asthma has been well described in epidemiologic studies. For example, Tischer efa/®, in an
analysis of three large European birth cohorts, reported a protective effect of early life
endotoxin exposure on later asthma development in the Spanish cohort, an equivocal effect
in the German cohort, and a harmful effect in the Dutch cohort. Our findings support the
possibility that the /L4~ Q versus R variants influence the outcome of endotoxin exposure
on asthma.

Our study has a few limitations. Our sample size was modest, thus we had limited power to
detect associations, and we were not able to account for possible confounding due to
population stratification by performing stratified analyses using self-reported race. We did
not validate our findings in an independent cohort, and there is linkage disequilibrium
between the polymorphism studied and other /L4R polymorphisms; thus, our findings are
preliminary and would need to be verified in larger studies. However, it has been suggested
that gene-environment interactions contribute to racial disparities in asthma outcomes 7.
United States poverty rates are highest in ethnic minorities &; a prior nationwide study found
that poverty is associated with higher home endotoxin exposure °. It is possible that the
gene-environment interaction we observed contributes to racial disparities in pediatric
asthma. While it may be difficult to address individual home environmental conditions, a
public health initiative addressing the environment of inner-city schools, where there is a
high proportion of ethnic minorities, may improve observed disparities in asthma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Predicted asthma symptom days per two-week period associated with classroom endotoxin
levels (log-transformed) stratified by IL4Ra.-Q576R genotype demonstrates a gene by
environment (GXE) interaction. The overall interaction p-value = 0.09; pairwise interaction
p-values for Q/Rvs. Q/Q = 0.115, R/Rvs. Q/Q=0.049.
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