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Key Messages

We investigated genotype-exposure interactions between 17q12-g21 SNPs and
early-life exposures in Black children.

Early-life colds are positively associated with asthma risk in children with
intronic GSDMA SNPs.

Understanding GSDMA SNP interactions with early-life exposures could lead to
new asthma prevention strategies.

To the Editor,

Genetic factors and early-life exposures' are both important determinants of childhood
asthma. Among the more than 150 loci identified in genome-wide association studies
(GWAS), 17q12-g21 is the most replicated childhood-onset asthma locus.? Fine-mapping at
this locus has been difficult in populations of European ancestry because of extensive
linkage disequilibrium (LD) in this region. Taking advantage of the reduced LD in African
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ancestry populations, we® and others® > have shown that single nucleotide polymorphisms
(SNPs) in GSDMB are likely causal for childhood-onset asthma at this locus. However, it
remains unclear whether the same variants underlie the many genotype-exposure
interaction (GEI) effects. Moreover, most previous interaction studies were conducted in
subjects of European ancestry,” and it is not known whether the same GEls are present in
children of non-European ancestry. To address these questions, we asked whether genotype
at the 17912-g21 locus modifies the risk of asthma at age 7 as a function of early-life
exposures. We investigated GEls between nine 17q12-q21 SNPs and early-life exposures in
262 Black children with a family history of asthma or allergy in the Urban Environment and
Childhood Asthma (URECA) cohort.

Of the 262 unrelated children in this study, 85 (32%) were diagnosed with asthma at age

7 years (Table 1). We were able to recapitulate in the Black children the previously reported
relationships between environmental exposures and asthma observed in the larger cohort
(442 participants),’ correcting for sex, study site, and 3 ancestry principal components.
Exposure to common indoor allergens (cockroach, cat, dog, mouse), cumulative over first

3 years of life and at 3 months of age, was inversely associated with asthma risk at age 7
(cumulative exposure: odds ratio (OR) = 0.59 [95% Cl 0.35-0.99], p = .048; exposure at

3 months: OR = 0.53 [95% Cl 0.32-0.88], p = .015). Having more colds during the first year or
the first 3 years of life was associated with an increased risk of asthma (OR = 2.03 [95% Cl
1.24-3.33] p =.0052 and OR = 3.51 [95% Cl 1.87-6.57] p = 8.68 x 107). Diversity of house
dust microbiota in early life was not associated with asthma at age 7 (OR = 1.00 [95% ClI
0.99-1.01], p = .49).

TABLE 1. Characteristics of study population (Black children of the URECA cohort)

Combined Children with Children without A OR(95% Cl)  p-Value
sample asthmaatage7 asthma by age7
(n =262) (n = 85) (n=177)
Sex (male) 129 (49%) 48 (56%) 81 (46%) 1.53 A1
(0.91-2.59)
Mother has asthma 117 (45%) 47 (55%) 70 (40%) 1.89 .017
(1.12-3.19)
Father has asthma 80 (30%) 28 (33%) 52 (29%) 1.18 .56
(0.68-2.06)
Caesarean section 77 (29%) 28 (33%) 49 (28%) 1.28 .38
delivery (0.73-2.25)
Breastfeeding 135 (52%) 46 (54%) 81 (46%) 1.40 21
(0.83-2.35)
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Combined Children with Children without OR(95% Cl) p-Value
sample asthma atage7 asthma by age7
(n=262) (n = 85) (n=177)

Age of mother at time 24 +£5.7 24.7 £6.3 23.7+53 1.02 21

of birth (years) (0.98-1.08)

No. of hours/week of 13.3+18.6 145+19.4 12.7+£18.3 1.01 A7

Note

Values are counts (percentages) or means + SDs.
Abbreviations: NA, not applicable; OR, odds ratio for asthma.
3 Available for 242 children. P Positive for at least one serum or skin test for aeroallergen-specific IgE at age 7.

¢ Measured in 175 children. @ Measured in 177 children. © Available for 252 children.

We then tested for the main effect associations of the nine SNPs. One SNP showed nominal
association with asthma (rs2517955 OR = 1.91 [95% Cl 1.17-3.12], p =.01). However, the
effect estimates for two SNPs (rs2305480 and rs8076131) that were associated with asthma
in a larger cohort of Black children, which included the URECA children, were similar to the
effect estimates that we reported here.?

We next asked whether genotypes at the nine SNPs modified associations between the five
early-life exposures and asthma at age 7. Although no GEls were significant after adjusting
for multiple testing (adjusted p = .05/(5 x 9) =.0011), five interactions were nominally
significant (p <.05) and three interactions had p <.01. A nominally significant interaction was
observed between rs7216389, located in an intron of GSDMB, and indoor allergen
concentration (pine = .038). Stratifying by genotype, only children with the asthma-associated
rs7216389-TT genotype showed the previously reported inverse relationship between early-
life allergen exposure and asthma risk' (OR = 0.46 [95% CI| 0.024-0.87], p = .017), whereas
children with the rs7216389-CC or rs7216389-CT genotypes had similar and non-significant
risks across all exposure levels (OR = 1.07 [95% Cl 0.36-3.16], p = .898). No significant
interactions were observed when testing for each allergen concentration independently.
These results, while only nominally significant, support previous interactions observed for
this SNP with early-life exposure to animal sheds® and cats.’

Genotypes at two intronic SNPs in GSDMA (rs8069202 and rs3859192) showed nominally
significant interactions with the number of colds in the first year of life (pj, = .0082 and

Pint = .0099 respectively; Figure 1) and in the first 3 years of life (pjnt =.021 and pj,¢ = .0093
respectively). These two SNPs are in LD (r? = .64) and may not represent independent
signals. Having more colds in the first year of life was associated with a higher risk of asthma
only among children carrying the rs8069202-A or rs3859192-T allele (OR =3.71 [95% ClI
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1.67-8.25], p =.0012 and OR = 4.36 [95% C| 1.87-10.17], p = 6.45 x 107 respectively). The
risk of asthma in children with the rs8069202-GG or rs3859192-CC genotypes was not
related to the number of colds (OR = 1.11 [95% Cl 0.51-2.42], p =.797 and OR=1.12 [95% ClI
0.54-2.33], p = .757 respectively). No interactions were observed between the nine SNPs and
microbiota diversity at 3 months.
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FIGURE 1

Open in figure viewer | %PowerPoint
Relationship between asthma at age 7 and sum of colds in the first year of life in Black children in the URECA cohort (left
panel, n = 262), stratified by genotype at rs3859192 (CC vs. CT + TT) (middle panel, n = 259), and stratified by genotype at
rs8069292 (GG vs. GA + AA) (right panel, n = 260). The fitted lines represent Least-square means and the shaded grey
areas show the associated standard error and 95% confidence interval, which were calculated using the R package

emmeans V1.6.3

To further evaluate potential functional effects of the SNPs with pj,; <.01 (rs8069202 and
rs3859192), we studied gene expression in unstimulated nasal epithelial cells (NECs)
collected from 189 URECA Black children at 11 years of age. We performed expression
quantitative trait locus (eQTL) analysis for the two GSDMA SNPs and genes at this locus that
are expressed in NECs (PGAP3, ERBB2, MENT1, IKZF3, GSDMB, ORMDL3, GSDMA and GRB7). Both
SNPs were eQTLs for GSDMA (p = 8.27 x 10™* and p = 2.67 x 107 respectively) in these cells,
but were not eQTLs for any of the other genes (p > .05 after Bonferroni correction). The
rs8069202-A or rs3859192-T alleles were associated with decreased expression of GSDMA in
NECs, consistent with previous studies in lung tissue.®

To our knowledge, these are the first GEI effects on asthma risk reported for SNPs that
regulate the expression of GSDMA. Recent studies used the reduced LD on African American
chromosomes to identify SNPs that regulate the expression of GSDMB as the main drivers of
the 17912-g21 locus-associated asthma risk.> > Here, we demonstrate that the number of
colds in early life increases the risk of asthma in Black children with GSDMA variants
(rs8069202-A or rs3859192-T), which are associated with reduced expression of GSDMA in
NECs.
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GSDMA is expressed in skin,” and in the airway mucosa including airway epithelial cells.® It
belongs to the gasdermin family of proteins that mediate pyroptosis, a form of cell death
that is accompanied by secretion of pro-inflammatory cytokines.” Therefore, in the absence
of infection, expression of GSDMA at low levels may help to minimize damage to airway cells
and inflammation. Accordingly, our findings showed that SNPs associated with low GSDMA
expression (rs8069202-A or rs3859192-T) were inversely associated with asthma in Black
children (OR 0.83 and 0.77, respectively). On the other hand, during an infection, high-level
GSDMA expression could promote more rapid clearance of pathogens and also initiate an
antimicrobial inflammatory response at the site of infection. Under these circumstances, an
insufficient GSDMA response in airway cells could inhibit clearance of respiratory pathogens,
leading to prolonged infections that consequently lead to airway remodelling, airway
obstruction and ultimately asthma. This theory could explain why the number of colds in
early life was positively associated with the probability of developing asthma in children with
the rs8069202-A or rs3859192-T alleles (reduced GSDMA expression, Figure 1). Our findings
suggest that GSDMA expression may modify asthma risk at baseline and during viral
respiratory infections, perhaps through distinct mechanisms. Further studies are needed to
understand the relationship between GSDMA expression on baseline airway inflammation
and during illnesses.

Strengths of this study include the availability of longitudinal exposure and asthma
outcomes data in Black children, which enabled us to differentiate genotype effects across
the locus and identify GSDMA as a modifier of childhood asthma risk with exposure to viral
respiratory infections in early life. Study limitations include the small sample size limiting
power and may be the reason for the lack of significant findings. To our knowledge, there
are no other studies of African American children with similar environmental exposure
measurements available for replication. However, despite having low power, the nominally
significant interaction detected for the GSDMB SNP shows similar trends to previously
detected interactions for this same SNP with early-life allergen exposure. Furthermore, the
Bonferroni correction we used is very conservative considering the high correlations
between the allergen exposure indices at 3 months and cumulative over 3 years, between
the sum of colds at year 1 and cumulative over 3 years, as well as the LD between selected
SNPs, despite there being less LD in those with African ancestry. The lack of associations
with a microbiota diversity index in house dust should be re-examined in a larger cohort.
However, our findings are consistent with earlier studies in the URECA cohort reporting
associations between house dust microbiota with decreased risk of wheeze at 3 years but
not with asthma at age 7 years.' Finally, the eQTL studies were limited to RNA from NECs
from children at routine study visits. It is possible that sampling cells during colds or acute
allergen exposures might reveal additional eQTL effects that are not observed in our
studies. Such investigations will be critical for fully characterizing the effects of GEls.

In summary, our study suggests that variants in GSDMA modify the effects of early-life
exposure to colds on the risk of developing asthma at age 7 among Black children. These
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findings, together with studies in African ancestry cohorts which focused on
GSDMB,>> suggest that the gasdermin genes at the 17q12-g21 locus are important
determinants of childhood-onset asthma risk in children with African ancestry.
Understanding the mechanisms that underlie these GEI effects may lead to improved
identification of children at risk and novel intervention strategies.

Supporting Information can be found at: https://doi-org.bibliosan.clas.cineca.it/10.5281
/zenodo.5748575

CONFLICT OF INTEREST

MCA reports consulting fees from Regeneron outside the submitted work. JEG has received
grants from the NIH; is a paid consultant for AstraZeneca, Meissa Vaccines Inc., and
Gossamer Bio; and has stock options in Meissa Vaccines Inc.

AUTHOR CONTRIBUTIONS

JDG and AM drafted the manuscript. AM performed the statistical analyses. AC, CMV and
MCA provided additional data and statistical analyses. DG, RAW, MK, LBB, PB, JEG and GTO
participated in data collection. CO, GTO and JEG conceived the original idea and supervised
the project. All authors provided critical feedback and helped revise the manuscript.

ETHICAL APPROVAL

Written informed consent, or assent, form was provided by all participants or their legal
guardians, where applicable. The Urban Environmental Factors and Childhood Asthma
(URECA) study was approved by the Institutional Review Boards (IRB) of Boston Medical
Center (H-33833), Columbia University Medical Center (IRB-AAAC5139), Johns Hopkins
University (NA_00070888/CIR00007139) and Saint Louis Children's Hospital (201012988), as
well as the Western Copernicus Group IRB (20142570).

Open Research v

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on request from the corresponding
author. The data are not publicly available due to privacy or ethical restrictions.

Supporting Information v

6 di 8 22/12/2021, 08:13



17q12-q21 variants interact with early-life exposures to modify asthma ... https://onlinelibrary-wiley-com.bibliosan.clas.cineca.it/doi/10.1111/cea...

Filename Description

ceal14074-sup-0001-Supinfo.pdf PDF document, 1 MB Supplementary Material

Please note: The publisher is not responsible for the content or functionality of any supporting
information supplied by the authors. Any queries (other than missing content) should be directed
to the corresponding author for the article.

REFERENCES v

1 O'Connor GT, Lynch SV, Bloomberg GR, et al. Early-life home environment and risk of asthma
among inner-city children. J Allergy Clin Immunol. 2018; 141(4): 1468- 1475. doi:
10.1016/j.jaci.2017.06.040

Crossref | PubMed | Web of Science® | Google Scholar

2 Stein MM, Thompson EE, Schoettler N, et al. A decade of research on the 17q12-21 asthma
locus: piecing together the puzzle. J Allergy Clin Immunol. 2018; 142(3): 749- 764.e3. doi:
10.1016/j.jaci.2017.12.974

Crossref | CAS | PubMed | Web of Science® | Google Scholar

3 Ober C, McKennan CG, Magnaye KM, et al. Expression quantitative trait locus fine mapping of
the 17912-21 asthma locus in African American children: a genetic association and gene
expression study. Lancet Respir Med. 2020; 8(5): 482- 492. doi:10.1016/52213-2600(20)30011-4
Crossref | CAS | PubMed | Web of Science® | Google Scholar

4 Li X, Christenson SA, Modena B, et al. Genetic analyses identify GSDMB associated with asthma
severity, exacerbations, and antiviral pathways. J Allergy Clin Immunol. 2021; 147(3): 894- 909. doi:
10.1016/j.jaci.2020.07.030

Crossref | CAS | PubMed | Web of Science® | Google Scholar

5 GuiH, Levin AM, Hu D, et al. Mapping the 17q12-21.1 locus for variants associated with early-
onset asthma in African Americans. Am J Respir Crit Care Med. 2021; 203(4): 424- 436. doi:
10.1164/rccm.202006-26230c¢

Crossref | CAS | PubMed | Web of Science® | Google Scholar

6 Loss GJ, Depner M, Hose AJ, et al. The early development of wheeze. Environmental
determinants and genetic susceptibility at 17q21. Am J Respir Crit Care Med. 2016; 193(8): 889- 897.
doi:10.1164/rccm.201507-14930C

Crossref | PubMed | Web of Science® | Google Scholar

7 Stokholm J, Chawes BL, Vissing N, Bannelykke K, Bisgaard H. Cat exposure in early life
decreases asthma risk from the 17921 high-risk variant. J Allergy Clin Immunol. 2018; 141(5): 1598-
1606. doi:10.1016/j.jaci.2017.07.044

7 di 8 22/12/2021, 08:13



17q12-q21 variants interact with early-life exposures to modify asthma ... https://onlinelibrary-wiley-com.bibliosan.clas.cineca.it/doi/10.1111/cea...

Crossref | PubMed | Web of Science® | Google Scholar

asthma. PLoS Genet. 2012; 8(11):1003029. doi:10.1371/journal.pgen.1003029
Crossref | CAS | PubMed | Web of Science® | Google Scholar

Crossref | CAS | PubMed | Web of Science® | Google Scholar

8 Hao K, Bossé Y, Nickle DC, et al. Lung eQTLs to help reveal the molecular underpinnings of

9 LiuX, Xia S, Zhang Z, Wu H, Lieberman J. Channelling inflammation: gasdermins in physiology
and disease. Nat Rev Drug Discovery. 2021; 20(5): 384- 405. doi:10.1038/s41573-021-00154-z

About Wiley Online Library

Privacy Policy
Terms of Use
Cookies
Accessibility
Publishing Policies

Help & Support

Contact Us
Training and Support
DMCA & Reporting Piracy

Opportunities

Subscription Agents
Advertisers & Corporate Partners

Connect with Wiley

The Wiley Network
Wiley Press Room

Copyright © 1999-2021 John Wiley & Sons, Inc. All rights reserved

8di8

Download PDF

22/12/2021, 08:13



Title: 17q12-q21 variants interact with early-life exposures to modify asthma risk in Black
children

Jessica D Gereige, MD,** Andreanne Morin, PhD,?* Agustin Calatroni, MS,® Cynthia M Visness,
PhD,® Robert A Wood, MD,* Meyer Kattan, MD,® Leonard B Bacharier, MD,® Patrice Becker,
MD,” Matthew C Altman, MD,®° James E Gern, MD,*° Carole Ober, PhD,? George T O’Connor,
MD, MS,!

*Contributed equally

Methods

Study design and participants

URECA is a longitudinal birth cohort study of high-risk children! who were recruited from urban
census tracts in Baltimore, Boston, New York City, and St. Louis, in which >20% of the residents
were living below the poverty line. Pregnant women aged 18 years or older were asked to
participate if they lived in one of these areas. Children were included if they were born at or after
34 weeks of gestation, and had at least one biologic parent with a history of asthma, allergic
rhinitis, or atopic dermatitis. Between February 2005 and March 2007, 560 children were
enrolled in URECA and were followed to age 10 years, of which 442 (79%) had outcome data to
classify asthma status at age 7. Of these, 318 (72%) were self-reported as Black by a parent or
guardian and were included in this study. Black race was determined if the participant indicated

that they were “Black,” “African American/Black American,” or “Other Black.”

Data collection



The measured environmental exposures included in our study were indoor allergen
concentration in house dust, house dust microbiota data, and the number of colds in the first
three years of life (Figure E4). Home environmental data were collected during home visits at 3
months after birth, and in the second and third years of life. House dust samples were assayed
for common indoor allergens, including Bla g 1 (cockroach), Can f 1 (dog), Fel d 1 (cat), Der f 1
and Der p 1 (house dust mites), and Mus m 1 (mouse), using an enzyme-linked immunosorbent
assay (ELISA; Indoor Biotechnologies, Charlottesville, Va). A sum of exposure index was derived
by combining cat, mouse, cockroach, and dog allergen, the four allergens that were significantly
or nearly significantly associated with the development of asthma, into a single index based on
quartiles of exposure to individual allergens, resulting in an index with a range of 0 to 12 (sum of
quartiles 0, 1, 2 or 3 with 0 being the lowest and 3 being the highest level of exposure). The sum
of exposure index at 3 months, and the cumulative sum of exposure index at 3 months, 2 years,
and 3 years of age, were used as separate exposure indices. Missing data for the sum of exposure
index was imputed using imputation by chained equations. In this study, we used the average of
the 8 imputations to perform the association and gene-exposure interaction analyses. The
number of colds was captured through post-natal questionnaires that were administered to a
parent or guardian every 3 months; year 1 and cumulative sum of colds consist of the sum of the
number of colds that were reported during the first year or the first three years of life
respectively. House dust microbiota data was obtained from house dust samples collected at 3-
months of age. The dust specimens underwent culture-independent microbial profiling using 16S

rRNA sequencing. We used Faith’s phylogenetic diversity in our analyses to capture the richness



and diversity of the house dust microbiota. Please refer to O’Connor et al. for detailed methods

on data collection.?

Primary outcome

The prespecified primary outcome of our study was the diagnosis of asthma at age 7 years.
Asthma was defined at the year 7 visit as meeting at least one of the following 3 criteria: (1) a
parent-reported physician’s diagnosis of asthma between age 4 and 7 years combined with
asthma symptoms or the use of asthma controlled medication for 6 of the past 12 months; (2) a
methacholine challenge PC20 value of 5mg/mL or less or albuterol-induced FEV1 reversibility of
10% or more, in addition to asthma symptoms or use of asthma controller medication for 6 of
the past 12 months; or (3) report in the past 12 months of 2 or more wheezing episodes, 2 or
more doctor’s office visits for asthma/wheeze, 1 or more hospitalizations for asthma/wheeze, or
use of controller medications for 6 of the past 12 months. Children who did not meet any of these

criteria were considered as not having asthma at age 7.

Genotype of the 17q12-q21 variants

Nine single nucleotide polymorphisms (SNPs) from the 17q12-g21 locus were selected based on
linkage disequilibrium (LD) patterns and previous associations with childhood-onset asthma and
gene expression: rs2941504, rs2517955, rs12936231, rs2305480, rs7216389, rs4065275,
rs8076131, rs8069202, rs3859192, as described in Ober et al.? Genotyping was performed using
a TagMan® assay (Applied Biosystems, Foster, CA). Genotypes were available for 313 of 318

Black URECA children. Genotyping success rate was >99% and all SNPs were in Hardy-Weinberg



equilibrium (p>0.005). Of the 313 children with genotypes, 263 also had ancestry PCs available
from previous genotyping studies (see description below). One child from a sibling pair was
removed from the analysis resulting in a final sample size of 262. Due to allele frequencies and
the small sample size, genotypes with <10 counts in a group (SNP x exposure variable) were
combined. This was required for 6 out of the 9 SNPs: rs2517955 (TT+TC/CC), rs2305480
(AA+AG/GG), rs7216389 (CC+CT/TT), rs8076131 (GG+GA/AA), rs8069202 (GG/GA+AA),
rs3859192 (CC/CT+TT). Genotype grouping was applied across all exposures. An LD (r?) plot was

drawn using Haploview v4.2% and the genotype data from the subjects in this study.

Association and interaction studies

Association tests with asthma were performed using a logistic regression and linear regression
with gene expression (eQTLs). Covariates included sex, the URECA study site, and the first 3
ancestry principal components (PCs). Ancestry PCs were calculated on a set of 3,534 SNPs that
were genotyped in 481 URECA samples, accounting for subject relatedness, using PC-Air®> and PC-
Relate.® To test for interactions between 17g12-g21 SNPs and early-life exposures on asthma, we
included an interaction term for the exposure x genotype. Sum of colds and sum of exposure
index were each log-transformed prior to the analyses. Note that all log transformations are
natural log based. As many values were equal to 0, 1 was added to each sum of exposure or sum
of colds before the transformation. To correct for multiple testing, a Bonferroni correction was

applied for each analysis based on the number of tests performed.

Analysis of gene expression and eQTLs



RNA sequencing was available from nasal epithelial cells (NECs) of 189 Black URECA children
collected at 11 years old, as described previously.> We performed expression quantitative trait
loci (eQTL) mapping for the 3 SNPs that showed suggestive interactions, rs7216389, rs8069202,
and rs3859192, using the same model as in Ober et al.? Briefly, genes with <1 count per million
(CPM) in >25% of the samples were removed and normalization of the remaining genes was done
using log-transformed CPM. We included the 8 genes at 17q12-q21 that were expressed in tissue:
PGAP3, ERBB2, MIEN1, IKZF3, GSDMB, ORMDL3, GSDMA, and GRB7 in NECs only. We used
FastQTL’ and eQTLs with p-value < 0.0021 (Bonferroni adjusted for 24 tests) were considered
significant. We included as covariates sex, URECA study site, the first 3 ancestry PCs, sequencing

batch, epithelial cell proportion, and 7 latent factors to correct for unwanted variations.?

References

1. Gern JE, Visness CM, Gergen PJ, et al. The Urban Environment and Childhood Asthma (URECA)
birth cohort study: design, methods, and study population. BMC Pulm Med. 2009;9:17.

doi:10.1186/1471-2466-9-17

2. O’Connor GT, Lynch S V., Bloomberg GR, et al. Early-life home environment and risk of asthma
among inner-city children. J Allergy Clin Immunol. 2018;141(4):1468-1475.

doi:10.1016/j.jaci.2017.06.040

3. Ober C, McKennan CG, Magnaye KM, et al. Expression quantitative trait locus fine mapping of the
17912-21 asthma locus in African American children: a genetic association and gene expression

study. Lancet Respir Med. 2020;8(5):482-492. doi:10.1016/52213-2600(20)30011-4

4. Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and visualization of LD and haplotype

maps. Bioinforma Appl NOTE. 2005;21(2):263-265. doi:10.1093/bioinformatics/bth457



Conomos MP, Miller MB, Thornton TA. Robust Inference of Population Structure for Ancestry
Prediction and Correction of Stratification in the Presence of Relatedness. Genet Epidemiol.

2015;39(4):276-293. doi:10.1002/gepi.21896

Conomos MP, Reiner AP, Weir BS, Thornton TA. Model-free Estimation of Recent Genetic

Relatedness. Am J Hum Genet. 2016;98(1):127-148. doi:10.1016/j.ajhg.2015.11.022

Ongen H, Buil A, Brown AA, Dermitzakis ET, Delaneau O. Fast and efficient QTL mapper for
thousands of molecular phenotypes. Bioinformatics. 2016;32(10):1479-1485.

doi:10.1093/bioinformatics/btv722

McKennan C, Nicolae D. Accounting for unobserved covariates with varying degrees of
estimability in high-dimensional biological data. Biometrika. 2019;106(4):823-840.

doi:10.1093/biomet/asz037

Stein MM, Thompson EE, Schoettler N, et al. A decade of research on the 17q12-21 asthma locus:
Piecing together the puzzle. J Allergy Clin Immunol. 2018;142(3):749-764.e3.

doi:10.1016/j.jaci.2017.12.974



Table E1. Associations (main effects) between early-life exposures and asthma at age 7 in Black children
of the URECA cohort

Exposures N sample! OR (95% CI) Pval

) Cumulative® 262 0.59 (0.35-0.99) 0.048
Sum of exposure index? +1

(log transformed)

3 months 262 0.53 (0.32-0.88) 0.015
Cumulative* 262 3.51(1.87-6.57)  8.68x10°
Sum of colds +1 (log
transformed)
1 year 262 2.03 (1.24-3.33) 0.0052
Microbiota diversity Phylogenetic 134 1.00 (0.99-1.01) 0.49
diversity

Inumber of samples that pass QC for genotyping data out of 262, 2 Sum of exposures is calculated by combining cat,
mouse, cockroach, and dog allergen concentration into a single index based on quartiles of exposure to individual
allergens (0 for lowest quartile, 3 for highest quartile) resulting in a range from 0 to 12. For more details, see
O’Connor et al. A unit (+1) was added to the sum of quartiles prior to log transformation to compensate for the
presence of 0. Odds ratios are from a logistic regression model controlling for sex, study site and 3 first ancestry
Principal Components, averaged across 8 imputed data sets and represent the odds for an interquartile increase in
exposure +1 (log transformed), 3Cumulative exposure is the sum of allergen concentration at 3 months, 2 years and 3
years. *Cumulative sum of colds are the sum of colds that occurred from years 0-3 years. OR = Odds ratio, Cl =
confidence interval. Bonferroni p-value cutoff = 0.05/5 = 0.01.

Table E2. Association between nine 17q12-g21 single nucleotide polymorphisms (SNPs) and asthma at
age 7 in Black children of the URECA cohort

SNP Gene Alleles? N samp? EAF  OR (95% CI) Pval
rs2941504 PGAP3 G/A 260 0.46 1.05 (0.71-1.56) 0.79
rs2517955 PGAP3 TIC 259 0.80 1.91 (1.17-3.12) 0.010
rs12936231 ZPBP2 G/IC 259 0.48 1.15 (0.78-1.69) 0.48
rs2305480 GSDMB AIG 260 0.90 1.88 (0.94-3.76) 0.074
rs7216389 GSDMB CIT 260 0.82 1.27 (0.77-2.10) 0.35
rs4065275 ORMDL3 A/G 260 0.62 1.01 (0.67- 1.49) 0.95
rs8076131 ORMDL3 G/A 258 0.85 1.53 (0.88-2.66) 0.14
rs8069202 GSDMA G/IA 260 0.33 0.83 (0.54-1.27) 0.38

rs3859192 GSDMA CIT 259 0.36 0.77 (0.52-1.15) 0.20




1 effect allele in bold, 2number of samples that pass QC for genotyping data out of 262, EAF= effect allele frequency,
the effect allele was defined as asthma risk allele in Europeans;® OR= Odds ratio, Cl = confidence interval. Bonferroni
p-value cutoff = 0.05/9 = 0.0056



Table E3. Gene-environment interaction between 17q12-q21 SNPs and early-life exposures on asthma

risk at age 7 in URECA Black children

SNPl Location Exposure EStSNP F)SNP EStexp Pexp EStint int
Sum exp ind (cumul) > 0.35 0.66 -0.43 029 -0.14 0.69
Sum exp ind (3 mo) 0.17 0.73 -0.51 0.23 -0.14 0.69
rs2941504
PGAP3 Sum colds 1-3y* -1.49  0.26 0.75 0.14 061 0.23
(GG vs GA vs AA)
Sum colds 1y -1.15 0.11 0.077 0.86 0.74 0.073
Phylogenetic diversity® 1.85 0.53 0.005 0.77 -0.008 0.61
Sum exp ind (cumul) 1.85 0.14 0.24 0.80 -0.46 0.39
Sum exp ind (3 mo) 2.04 0.019 0.99 0.35 -0.91 0.11
rs2517955
PGAP3 Sum colds 1-3y 0.98 0.59 1.38 0.24 -0.054 0.94
(TT/TC vs CC)
Sum colds 1y 0.90 0.34 0.80 0.41 -0.06 0.91
Phylogenetic diversity 1.54 0.41 0.0012 0.94 -0.002 0.79
Sum exp ind (cumul) 0.25 0.76 -0.44 0.30 -0.11 0.77
Sum exp ind (3 mo) -0.028 0.95 -0.66 0.12 0.020 0.95
rs12936231
ZPBP2 Sum colds 1-3y -1.49 0.23 0.71 0.17 0.61 0.20
(GG vs GC vs CC)
Sum colds 1y -0.95 0.16 0.13 0.76 0.62 0.12
Phylogenetic diversity -0.37 0.78 -0.007 0.43 0.005 0.51
Sum exp ind (cumul) -0.18 0.74 -0.12 0.70 -0.49 0.45
Sum exp ind (3 mo) -0.33 0.71 -0.70 0.49 -0.60 0.40
rs2305480
GSDMB Sum colds 1-3y 0.58 0.81 2.76 0.10 0.46 0.57
(AA/AG vs GG)
Sum colds 1y -0.83 0.41 0.078 0.94 0.63 0.37
Phylogenetic diversity -1.00 0.61 -0.014 0.40 0.003 0.80
Sum exp ind (cumul) 251 0.056 1.40 0.16 -1.14 0.038
Sum exp ind (3 mo) 1.25 0.13 1.02 0.29 -0.98 0.067
rs7216389
(CCICT vs TT) GSDMB Sum colds 1-3y -2.39 0.16 -0.31 0.77 0.96 0.15
Sum colds 1y -0.57 0.52 0.07 0.94 0.39 0.45
Phylogenetic diversity -3.50 0.096 -0.033 0.079 0.018 0.098
Sum exp ind (cumul) -0.18 0.84 -0.61 0.32 0.027 0.95
Sum exp ind (3 mo) -0.17 0.75 -0.72 0.21 0.051 0.89
rs4065275
ORMDL3  Sum colds 1-3y -2.09 0.061 0.34 0.54 0.80 0.066
(AA vs AG vs GG)
Sum colds 1y -1.11 0.077 -0.10 0.84 0.68 0.069
Phylogenetic diversity® -1.75 0.35 -0.016 0.26 0.009 0.34




Sum exp ind (cumul) 2.41 0.10 1.23 0.27 -0.98 0.099
Sum exp ind (3 mo) 1.73 0.076 1.40 0.21 -1.14 0.059
rs8076131
ORMDL3  Sum colds 1-3y -1.44 0.44 0.084 0.95 0.70 0.32
(GG/GA vs AA)
Sum colds 1y -0.19 0.86 0.13 0.91 0.33 0.60
Phylogenetic diversity -1.98 0.38 -0.025 0.23 0.013 0.26
Sum exp ind (cumul) 1.42 0.19 0.57 0.42 -0.79 0.094
Sum exp ind (3 mo) 0.49 0.47 0.31 0.68 -0.65 0.17
rs8069202
GSDMA Sum colds 1-3y -4.25 0.014 -0.95 0.33 1.53 0.021
(GG vs GA/AA)
Sum colds 1y -2.58 0.0047 -1.43 0.08 141 0.0082
Phylogenetic diversity -2.95 0.13 -0.32 0.076 0.017 0.094
Sum exp ind (cumul) 1.32 0.21 0.51 0.48 -0.73 0.12
Sum exp ind (3 mo) 0.79 0.25 0.63 0.41 -0.84 0.078
rs3859192
GSDMA Sum colds 1-3y -4.72 0.0068 -1.28 0.19 1.74 0.0093
(CCvs CTITT)
Sum colds 1y -2.43 0.0070 -1.42 0.088 1.37 0.0099
Phylogenetic diversity -2.64 0.18 -0.032 0.093 0.016 0.11

Bonferroni p-value cutoff = 0.05/(5*9) = 0.0011. ‘Effect allele in bold. 2Sum of exposure index is calculated by combining
cat, mouse, cockroach, and dog into a single index based on quartiles of exposure to individual allergens (0 for lowest
quartile, 3 for highest quartile) resulting in a range from 0 to 12. 3Cumulative exposure is defined as the sum of allergen
concentrations at age 3 months, 2 years, and 3 years.*Cumulative sum of colds are the sum of colds that occurred from
years 0-3. ® The smaller samples size = combined phenotypes for rs2941504 (GG/GA vs AA) and rs4065275 (AA/AG
vs GG).



Allergen Exposure Index

® 100 1.00

© P =0.048 P =0.038

g rs7216389
CC+CT

N~

- 075 0.75 I ™

©

©

E

5 050 0.50

®©

e

[$)

>

£ o025 0.25

o)

©

S

o 000 0.00

0 1 2 3 0 1 2 3

Exposure index, cumulative

Figure E1. Relationship between asthma at age 7 the cumulative allergen exposure index in Black

children in the URECA cohort (left panel), stratified by genotype at r7216389 (CC+CT vs. TT) (right panel)

Figure E2. Linkage disequilibrium pattern for the nine SNPs on the 17q12-g21 locus in Black children in
the URECA cohort.
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Figure E3. Relationship between asthma at age 7 and sum of colds in the first three years of life in Black children in the

URECA cohort (left panel), stratified by genotype at rs3859192 (CC vs. CT+TT) (middle panel), and stratified by

genotype at rs8069292 (GG vs. GA+AA) (right panel).
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. Distribution of exposures within Black children of the URECA cohort, prior to log transformation
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