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As adults, women have higher rates of asthma dedyal disease as well as increased asthma
severity compared to mérPre or peri-menstrual worsening of asthma sympt@HwA) were
reported in 17% of women enrolled in the severkraatresearch program, with 52% of these
women with PMA having severe asthimaFurther, use of birth control medications or honeio
replacement therapy during peri or post-menopawsealso linked to worsening of asthma in
some women:* Mouse models of asthma showed estrogen signaiieggh estrogen receptor-
alpha (ERe), and not ERB, increased allergic airway inflammation, mucusdoiction, and/or
airway hyperresponsivenesé Collectively, these findings suggest a criticderfor ER«

signaling in asthma pathogenesis.

In this study, we sought to determine whether SNESR-o (ESR1) or aromatase (CYP19A1),
the enzyme that converts testosterone to estroggme, associated with asthma or allergic
disease phenotypes using a phenome-wide assocsatidy (PheWAS). PheWAS is a validated,
reverse genetics technigue that associates clipieiotypes to genetic variants. PheWAS is
able to determine if genetic polymorphisms are @ased with clinical phenotypes using de-
identified electronic health records (EHR)Ve studied ESR1 because of the importance o6 ER-
signaling in the pathogenesis of asthma. We algestigated CYP19A1 due to studies showing
an increased risk of breast cancers and othersdisdaee Table 1, bottom) with SNPs in
CYP19A1 (see Table 1, bottom). While previous geaemde association studies (GWAS)
studies have not reported associations betweemasthlung function and SNPs in ESR1 or
CYP19A1 in a population of both men and wonfi€rthe stringent p-value thresholds for these
GWAS studies likely missed associations. Therefaeeconducted a PheWAS on men and

women (ages > 18 years) using 14 SNPs in ESR1 &1GX1 that were previously associated
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with sex hormone related diseases in GWAS studiédeatified in the original PheWAS
catalog with genotyping information on 13,835 iridisals (Table 15.In our PheWAS study,
significant associations (p<0.05) between the seteSNPs and ICD9 codes for wheezing,
asthma, or allergic diseases were determined franderbilt's BioVU databank with de-
identified genotyping information on 36,400 subgelatked to the EHR. Genotyping was done
on the lllumina HumanExome BeadChip platform, amdi@ff of 5,500 subjects with a

respective SNP was needed to sufficiently powePiheWAS analysi3.?

As shown in the top panel of Table 1, significasgaciations (p<0.05) were identified for five
SNPs with ICD9 codes for wheezing, asthma, or gitediseases with a female predominance
for all 5 SNPs. The bottom panel of Table 1 shdvesttivo SNPs had no significant associations
with asthma or allergic diseases and seven SNP&aldess than 5,500 subjects and were not
analyzed. CY19A1 SNP rs2305707 had an inverse iasgocwith allergic rhinitis (OR=0.90,
p=0.0101). CY19A1 SNP rs2899472 exhibited an irvassociation with anaphylactic shock
(OR=0.59, p=0.0063) and chronic sinusitis (OR=0®4).0412), and was associated with
asthma exacerbations (OR=1.28, p=0.0079). ESR1rS®¢3650 had an inverse association
with wheezing (OR=0.86, p=0.0471). Further, ESRPSKs1999805 and rs2504063 associated
with asthma (OR=1.07, p=0.0434) and chronic simu@@R=1.08, p=0.0452), respectively. All
the SNPs are located in the intronic region ofrdspective gene and the function of these SNPs

is currently unknown.

We repeated the PheWAS in an independent con&@@D00 subjects in the UK BioBank

using self-reported phenotype codes. Of the orllyimaterrogated SNPs, ESR1 SNP rs1999805
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was significantly associated with asthma (p=0.036%) 4,370 cases from 337,159 samples.
Since this was self-reported data from questioesdinked to genotyping data, we conducted a
validation study on ESR1 SNP rs1999805 using thed€ebilt BioVU MEGA Project. The
MEGA cohort is a multi-ethnic consortium-built geéyoing array with 53,000 subjects that are
distinct from our original PheWAS on lllumina Hunt&xrome BeadChip. ESR1 SNP rs1999805
again associated with asthma (OR=1.14, p=0.0088)eiMMEGA cohort, demonstrating an

association between ESR1 SNP rs1999805 and asthahird, independent study.

While a PheWAS offers an inexpensive, efficienighsinto the association of disease
phenotypes with genetic variants, the model hagdtrans. A selection bias exists, as
genotyping information is available only from patie with blood drawn for laboratory testing.
Further, ICD-9 billing codes utilize algorithmsadssign code designations and may miss
narrative, textual diagnoses in the EHR. This isi@aarly true in the case of asthma, where the
diagnoses are difficult to confirm in the EHR besaunot every patient will have lung function
or methacholine challenge tests performed. Furffarents in BioVU were not classified as
intermittent, mild, moderate, or severe asthmadius asthma medication use is unknown. The
study also reports uncorrected P values. A Bonfieworrection may be used to reduce the
likelihood of Type | statistical error. Howeverjdfstudy was performed as an exploratory
analysis, and therefore, we excluded the use dfipfeitesting corrections to reduce our Type Il
error raté® Combined, ESR1 SNP rs1999805 was associated stiima in 3 independent,

suggesting that this SNP may be important in asibatiogenesis.
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This is the first study to show that variants in-&ERignaling are associated with asthma in three
separate cohorts. Understanding the role of th@@805 ESR1 variant in asthma pathogenesis
bears important implications for all phases of watadives, including puberty, child-bearing
years, and menopause. Women with peri-menstrualemorg of asthma symptoms have
decreased peak flow expiratory volumes and incteasthma symptoms just prior to menses
compared to women without peri-menstrual worseoingsthma:  Previous studies have
shown that estrogen signaling through &R-important in multiple lung cells types, incladi
airway epithelial cells, smooth muscle, macrophaged T cells. For example, increased &R-
signaling increased IL-4-induced expression of YA ARG1 in M2 macrophages, and mice
lacking ERe signaling (esrl-/- mice) had decreased allergdnédad IgE serum production,
eosinophil infiltration into the airways, broncheablar lavage expression of type 2 cytokines

(IL-13 and IL-5), and increased airway resistahée’ *°

In conclusion, our findings from this exploratotydy provide rationale for additional analysis
of the implications of rs1999805 on ERsignaling in asthma pathogenesis. The rs1999805 is
present in a substantial portion of the US popaoitatith a minor allele frequency of 43.65%.
Future studies using biologic samples from asthowatimen with or without the rs1999805 SNP

will provide mechanistic insights on Eksignaling in asthma pathogenesis.
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Table 1. Allergic phenotypes associated with polymorphismsin CYP19A and ESR1

Gene SNP PheWAS Code MAF(%) Cases ggse'; Controls OR p value
rs2305707 Allergic rhinitis (476) 14.66 2,819 62.5 20,679 0.90 0.0101

CYP19A1 Anaphylactic shock (946) 25.18 97 23,917 0.59 0.0063
rs2899472 Chronic sinusitis (475) 25.18 1,371 66.2 20,679 0.91 0.0412

Asthma exacerbation (495.2) 25.18 284 23,634 1.28 0.0079

rs543650 Wheezing (512.1) 40.51 403 50.2 21,428 0.86 0.0471

ESR1 rs1999805 Asthma (495) 43.65 1,776 63.3 23,634 1.07 0.0434
rs2504063 Chronic sinusitis (475) 42.34 1,371 56.1 20,679 1.08 0.0452

SNPs not sufficiently powered for PheWAS analysis (<5,500 patients)
or no significant associations

Reason not in

Gene SNP Disease that identified SNP PheWAS
rs10046 abnormal estradiol levels, breast cancer <5,500 patients
rs4646 breast cancer treamtnent response <5,500 patients
rs700158 hypertensive disorders of pregnancy not significant

CYP19A1 rs700519 breast cancer treatment response not signifi _cant
rs936306 breast cancer <5,500 patients
151870049 hypertensive disorders of pregnancy, <5,500 patients
menarche age, breast cancer
rs662516 esophagitis, acute upper respiratory infections <5,500 patients

ESR1 rs2234693 cardiovascular disease, myocardid infarction <5,500 patients

rs9340799 cardiovascular disease, myocardia infarction <5,500 patients

abbreviations. F, female; OR, Odds Ratio; MAF, minor alele frequency; PheWAS, phenome-wide association study



