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An interaction of the 17q12-21 locus with mold exposure in

childhood asthma

To the Editor:

A plethora of large-scale genome-wide association studies have
shown that the chromosome 17q12-21 locus is strongly and specif-
ically associated with childhood asthma, but not with adult-onset
asthma, and have highlighted that this locus interacts with early-life
environmental exposures such as environmental tobacco smoke
(ETS) and viral respiratory infection."? However, these interaction
findings did not fully replicate in different populations despite the
consistent replication of the 17q12-21 region itself in patients with
childhood asthma of various ethnicities.> Moreover, asthma can be
triggered and exacerbated by various environmental factors such as
indoor and outdoor allergens, which have not been studied for inter-
action with this locus.®

Thus, we sought to comprehensively investigate the impact of
various environmental exposures and clinical variables on the effect
of rs8067378 on asthma risk, which was shown to be a risk single
nucleotide polymorphism (SNP) for childhood asthma in the 17q12-
21 region, based on over 7000 subjects across three populations.4

For our analysis, we selected asthmatic offspring trios from the
family-based “Genetic Epidemiology of Asthma in Costa Rica" Study
(GACRS).® The corresponding whole-genome sequencing (WGS) data
for SNPrs8067378 were generated as part of the National Heart, Lung,

and Blood Institute Trans-Omics for Precision Medicine Program.®

Among the data collected by the protocol for GACRS, a total of
46 dichotomized clinical variables were selected for the interaction
analysis and were classified into five categories: (1) Birth condition
and sex: bodyweight (>2.27 kg), breast feeding, prematurity, and
sex; (2) Allergy and allergen reactivity: doctor-diagnosed hay fever,
doctor-diagnosed eczema, any positive skin test (>3mm), positive
skin test to cat, dog, D pteronyssinus, D farina, Alternaria tenuis, P
americana, B germanica, mixed grasses, and mixed trees, high eosin-
ophil count (>500 cells), high total IgE (>100 IU/mL), and positive
IgE to Ascaris, cockroach, and dust mite; (3) Family history: mother
or father history of asthma, chronic bronchitis, eczema, and hay
fever; (4) Residential environment: child shared room with others,
daycare in the first year of life, humidity signs, mold or mildew
signs, house animal, ETS at pregnancy, ETS at infancy, and ETS at
present; and (5) Asthma symptom triggers: cold air, cold or flu, ex-
ercise, cat, dog, other animal, house dust, moldy places, and sleep.
Our analyses were based on the family-based association test
(FBAT) software (version 2.04) using the additive test model and
the FBAT-Interaction (FBAT-I) methodology (R package fbati). The
FBAT-I statistic accounts for the genetic main effect and tests for
interaction of the genotype with the specified environmental vari-
able.” Clinical features were compared between groups, according

to the exposure, using t-tests or chi-square tests, as appropriate.
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TABLE 1 Demographic characteristics and clinical features of study subjects (N = 894), and comparison between groups according to

moldy place trigger factor. Mean (SD) or N (%) is shown

Is moldy place trigger factor?

Costa Rican
Study subjects No Yes p-value

N 894 186 (20.81) 671 (75.06)
Age 9.28 +1.86 9.33+191 9.28 +1.85 .7531
Sex (male) 528 (59.06) 111 (59.68) 399 (59.46) 1
Height, m 1.33+0.12 1.33+0.11 1.33+0.12 .8224
Body mass index, kg/m? 18.45 + 3.92 18.20 + 3.99 18.59 + 3.94 2297
No. of older siblings 1.14 +1.31 1.15+1.33 1.13+1.29 .8279
Spirometric measure

FEV,, L 1.80 +0.52 1.82+0.54 1.80+0.51 .6017

FEV, (% of predicted) 98.87 + 16.84 98.89 + 15.91 98.79 + 16.97 9387

FEV,/FVC, % 84.36 +7.79 84.48 + 7.61 84.27 +7.84 .7376

FEV,/FVC (% of predicted) 94.87 + 8.70 95.00 + 8.55 9479 + 8.75 7714

Bronchodilator response as % of baseline FEV1 5.58 +10.20 5.01 +£8.32 5.65 + 10.54 .3841

Log,, Dose response slope from saline 1.15+0.54 1.12 +0.57 1.16 + 0.53 4022
Blood tests

Total serum IgE, IU/mL 725.26 + 898.96 632.62 + 844.50 761.11 + 925.26 .0745

Positive IgE to dust mite 663 (74.16) 131 (70.43) 507 (75.56) .2115

Positive IgE to cockroach 387 (43.29) 71(38.17) 304 (45.31) 1066

Positive IgE to Ascaris 334 (37.36) 58(31.18) 262 (39.05) .0725

At least 1 positive specific IgE 707 (79.08) 140 (75.27) 540 (80.48) 1720

Eosinophil, count/mm? 553.84 + 403.93 535.08 + 391.80 558.61 + 405.59 4757
No. of positive skin tests to allergens 3.08 +1.82 2.73+1.82 3.19 +1.80 .0027
Household mold or mildew exposure 549 (61.41) 91 (48.92) 438 (65.28) 4.80 x 107
ETS exposure 217 (24.27) 41 (22.04) 165 (24.59) .5545

Note: Data are presented as mean + standard deviation or numbers (percentages).

Abbreviations: FEV1, forced expiratory volume in the first one second; FVC, forced vital capacity; IgE, immunoglobulin E; ETS, environmental

tobacco smoke.

The statistical software R (http://www.R-project.org) was used to
evaluate these tests.

After confirming the pedigree structure using KING (Kinship-
Based INference for Genome-wide Association Studies), we kept
894 GACRS asthmatic trios for the analysis.® In the 17q12-21 re-
gion, rs8067378 with a SNP missing rate of zero, no Mendelian
errors, and no significant Hardy-Weinberg deviation (HWE,
p = .698) showed genome-wide significance (p = 7.38 x 1079 in
the FBAT analysis, using asthma affection status as the pheno-
type. The characteristics of the study subjects are summarized
in Table 1.

“A moldy place as asthma symptom trigger” showed the most
significant interaction (p = 6.66 x 1074, Figure 1) that remained sig-
nificant after the Bonferroni correction (alpha = 0.05) for a total of
46 tests, that is p<0.001. With respect to this binary variable, both
groups in the GACRS were well-balanced regarding the demographic
factors, lung function, smoking exposure, and other clinical variables,
except for household mold exposure and the number of allergens in

the skin prick tests (Table 1). To dissect the interaction, we considered

the following subgroup analysis. We performed the standard FBAT
association test for asthma affection in the “yes” and the “no” group
separately. In the “yes” group, we obtained a highly significant p-value
of p = 6.67 x 1072, whereas in the “no” group the p-value was not
significant (p = .824). Based on the other categories, including ETS and
family history, there was no significant interaction after the Bonferroni
correction (Figure 1).

To our knowledge, there are no interaction studies of mold ex-
posure with the 17q12-21 locus. However, evidence has been ac-
cumulated that infant exposure to mold correlates with childhood
asthma development after controlling for other potential risk fac-
tors.? Interestingly, not household mold exposure (p = .351), but
mold exposure as a trigger factor of respiratory symptoms showed a
significant interaction with the 17q12-21 region in our analysis. The
questionnaire for assessment of household mold exposure has lim-
itations because parents were asked about housemold mold expo-
sure during the last 12 months, contrary to the questionnaire about
asthma symptom triggers since birth. Moreover, outdoor exposure

is generally more relevant in terms of sensitization and disease
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Categories

I Allergy and allergen reactivity
8 Birth condition and sex

B Family history

B Residential environment
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FIGURE 1 Family-Based Association Test-Interaction (FBAT-I) p-values for rs8067378 across all 46 clinical variables classified into five
categories. The red line represents the Bonferroni-corrected threshold (alpha = 0.05) for 46 tests, that is a p-value of p = .001, and the

yellow line represents a p-value of p = .05

expression compared to indoor exposure.’’ Therefore, we suggest
that the question about a trigger captures the mold exposure better
than parental report of household mold or mildewexposure.

An interaction of ETS exposure within the 179q12-21 locus, that
has been previously reported, was not found in our study. However,
in our analysis, ETS information was based on parental self-report-
ing of smoking behavior which could weaken the effect due to re-
porting errors. On the other hand, the interaction with mother's
history of hay fever was significant (p = 2.17 x 1073 in Figure 1),
while the father's history was not (p = .914). This is a potential sup-
port of the result in a previous meta-analysis that maternal asthma
history increases offspring asthma risk to a greater extent than pa-
ternal one.?

Itis important to consider the strengths and potential limitations
of our work. Our study design, including only affected trios, over-
comes spurious findings as a result of confounding factors such as
misspecified environmental main effects and population stratifica-
tion. Our analysis utilized the FBAT-I methodology with an additive
model and 10° Monte-Carlo iterations, while previous gene-en-
vironment interaction analyses were based on the likelihood ratio
test.! We considered only the SNP rs8067378 within the 17q12-21
region but linkage disequilibrium is very strong between SNPs at
the locus, with an extended haplotype spanning the entire core re-
gion in populations of European, Latinx, and East Asian ancestry.®
However, this approach also might ignore other SNPs that are asso-
ciated with childhood asthma independently of rs8067378, but the
identification of causal variants within the locus is still incomplete.

Further research is needed to address this issue. Finally, childhood

asthma has heterogenic subtypes such as atopic or non-atopic, and
this could weaken the association and interaction with rs8067378 in
our analysis purely based on asthma affection status. In conclusion,
our interaction analysis of the 17q12-21 locus discovers a new sig-
nificant factor, the mold exposure as a trigger factor. We hope that
this finding fosters a better understanding of the pathophysiology
underlying childhood asthma.
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