UCSF
UC San Francisco Previously Published Works

Title

A genome-wide association and admixture mapping study of bronchodilator drug response in

African Americans with asthma

Permalink

|https://escholarship.or&c/item/9zf6q8mf{

Journal

The Pharmacogenomics Journal, 19(3)

ISSN
1470-269X

Authors

Spear, Melissa L
Hu, Donglei

Pino-Yanes, Maria

Publication Date
2019-06-01

DOI
10.1038/s41397-018-0042-4

Peer reviewed

eScholarship.org Powered by the California Digital Library

University of California


https://escholarship.org/uc/item/9zf6q8mf
https://escholarship.org/uc/item/9zf6q8mf#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pharmacogenomics J. Author manuscript; available in PMC 2019 March 13.

-, HHS Public Access
«

Published in final edited form as:
Pharmacogenomics J. 2019 June ; 19(3): 249-259. doi:10.1038/s41397-018-0042-4.

A Genome-wide Association and Admixture Mapping Study of
Bronchodilator Drug Response in African Americans with
Asthma

Melissa L. Spear, BS?, Donglei Hu, PhD?2, Maria Pino-Yanes, PhD345, Scott Huntsman, MS2,
Celeste Eng, BS?, Albert M. Levin, PhD8, Victor E. Ortega, MD, PhD?, Marquitta J. White,
PhD, MS2, Meghan E. McGarry, MD, MASS8, Neeta Thakur, MD, MPH2, Joshua Galanter,
MD129, Angel C.Y. Mak, PhD?2, Sam S. Oh, PhD, MPHZ2, Elizabeth Ampleford, PhD’, Stephen
P. Peters, MD, PhD’, Adam Davis, MA, MPH10, Rajesh Kumar, MD, MS11, Harold J. Farber,
MD, MSPH12, Kelley Meade, MD13, Pedro C. Avila, MD14, Denise Serebrisky, MD15:16,
Michael A. Lenoir, MD7, Emerita Brigino-Buenaventura, MD18, William Rodriguez Cintron,
MD19, Shannon M. Thyne, MD20, Jose R. Rodriguez-Santana, MD?1, Jean G. Ford, MD?%2,
Rocio Chapela, MD%3, Andrés Moreno Estrada?4, Karla Sandoval?4, Max A. Seibold, PhD?,
Cheryl A. Winkler, PhD26, Eugene R. Bleecker, MD?7, Deborah A. Myers, PhD?7, L. Keoki
Williams, MD, MPH28:29, Ryan D. Hernandez, PhD1:30:31 Dara G. Torgerson, PhD?, and
Esteban G. Burchard, MD, MPH1.2

1.Department of Bioengineering and Therapeutic Sciences, University of California, San
Francisco, San Francisco, CA, 94158

2Department of Medicine, University of California, San Francisco, San Francisco, CA, 94158

3-Research Unit, Hospital Universitario N.S. de Candelaria, Universidad de La Laguna, Tenerife,
Spain, 38010

4CIBER de Enfermedades Respiratorias, Instituto de Salud Carlos Ill, Madrid, Spain, 28029

5-Genomics and Health Group, Department of Biochemistry, Microbiology, Cell Biology and
Genetics, Universidad de La Laguna (ULL), La Laguna (Tenerife), Spain, 38010

6.Department of Public Health Sciences, Henry Ford Health System, Detroit, Ml

7-Department of Internal Medicine, Wake Forest Baptist Medical Center, Winston Salem, NC.
27157

8.Department of Pediatrics, University of California, San Francisco, San Francisco, CA, 94143

9-Department of Epidemiology and Biostatistics, University of California, San Francisco, San
Francisco, CA, 94158

Users may view, print, copy, and download text and data-mine the content in such documents, for the purposes of academic research,
subject always to the full Conditions of use:http://www.nature.com/authors/editorial_policies/license.html#terms

Corresponding author: Esteban G. Burchard, MD, MPH, Department of Bioengineering & Therapeutic Sciences and Medicine,
University of California, San Francisco, 1550 4th St. RM584B, San Francisco, CA 94158, Telephone: (415) 514-9677, Fax:
415-514-4365, esteban.burchard@ucsf.edu.

Conflict of Interest:

The authors declare no competing conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Spear et al. Page 2

10.yCSF Benioff Children’s Hospital Oakland, Center for Community Health and Engagement
1LAnn & Robert H. Lurie Children’s Hospital of Chicago, Pediatrics, Chicago, lllinois, 60614

12.pepartment of Pediatrics, Section of Pulmonology, Baylor College of Medicine and Texas
Children’s Hospital, Houston, TX, 77030

13.UCSF Benioff Children’s Hospital Oakland, Oakland, California

14.Division of Allergy-Immunology, Northwestern University Feinberg School of Medicine, Chicago,
lllinois, 60611

15.pediatric Pulmonary Division, Jacobi Medical Center, Bronx, NY, 10461
16.Albert Einstein College of Medicine, Pediatrics, Bronx, New York
17.Bay Area Pediatrics, Oakland, CA, 94609

18.Department of Allergy & Immunology, Kaiser Permanente-Vallejo Medical Center, Vallejo, CA,
94589

19-Veterans Caribbean Health System, San Juan, Puerto Rico, 00921

20.pepartment of Pediatrics, David Geffen School of Medicine at ULCA, Olive View-UCLA Medical
Center, Sylmar, CA, 91342

21.Centro de Neumologia Pediatrica, San Juan, Puerto Rico, 00917
22.Columbia University, New York, NY, 21205
23.|nstituto Nacional de Enfermedades Respiratorias, Mexico City, MX, 14080

24National Laboratory of Genomics for Biodiversity (LANGEBIO), CINVESTAV, Irapuato,
Guanajuato, MX, 36821

25.Department of Pediatrics, National Jewish Health, Denver, CO, 80206

26.Basic Research Laboratory, National Cancer Institute, Leidos Biomedical Research, Frederick
National Laboratory, Frederick, MD, 21701

27.pepartment of Medicine, The University of Arizona, Tucson, Arizona, 85724

28.Center for Health Policy and Health Services Research, Henry Ford Health System, Detroit, Ml,
48202

29.pepartment of Internal Medicine, Henry Ford Health System, Detroit, MI, 48202

30.California Institute for Quantitative Biosciences (QB3), University of California, San Francisco,
CA, 94158

3L|nstitute for Human Genetics, University of California, San Francisco, CA, 94158

Abstract

Short-acting Bo-adrenergic receptor agonists (SABAS) are the most commonly prescribed asthma
medications worldwide. Response to SABASs is measured as bronchodilator drug response (BDR),
which varies among racial/ethnic groups in the U.S1 2. However, the genetic variation that
contributes to BDR is largely undefined in African Americans with asthma3. To identify genetic
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variants that may contribute to differences in BDR in African Americans with asthma, we
performed a genome-wide association study (GWAS) of BDR in 949 African American children
with asthma, genotyped with the Axiom World Array 4 (Affymetrix, Santa Clara, CA) followed by
imputation using 1000 Genomes phase 111 genotypes. We used linear regression models adjusting
for age, sex, body mass index (BMI) and genetic ancestry to test for an association between BDR
and genotype at single nucleotide polymorphisms (SNPs). To increase power and distinguish
between shared vs. population-specific associations with BDR in children with asthma, we
performed a meta-analysis across 949 African Americans and 1,830 Latinos (Total=2,779). Lastly,
we performed genome-wide admixture mapping to identify regions whereby local African or
European ancestry is associated with BDR in African Americans. We identified a population-
specific association with an intergenic SNP on chromosome 9921 that was significantly associated
with BDR (rs73650726, p=7.69x1079). A trans-ethnic meta-analysis across African Americans
and Latinos identified three additional SNPs within the intron of PRKGI that were significantly
associated with BDR (rs7903366, rs7070958, and rs7081864, p<5x1078). Our results failed to
replicate in three additional populations of 416 Latinos and 1,615 African Americans. Our
findings indicate that both population specific and shared genetic variation contributes to
differences in BDR in minority children with asthma, and that the genetic underpinnings of BDR
may differ between racial/ethnic groups.

INTRODUCTION

Albuterol, a short-acting Bo-adrenergic receptor agonist (SABA), is the most commonly
prescribed asthma medication worldwide* °. SABAs cause rapid smooth muscle relaxation
of the airways. Bronchodilator drug response (BDR) is a measure of a patient’s clinical
response to SABA treatment and is quantitatively assessed as a change in forced expiratory
volume in one second (FEV1) after administration of a SABA. BDR is a complex trait
involving interactions among inflammatory cells®, airway epithelium’, smooth muscle
cells®, and the autonomic nervous system?®. Variation in BDR is likely influenced by both
population-specific and shared environmental and genetic factors1®-12, In the United States
(U.S.), BDR in children with asthma differs significantly between racial/ethnic groups?: 19,
Specifically, African Americans have lower BDR compared to European populations even
after controlling for asthma severityl3. Compared to European Americans, African
Americans suffer increased asthma morbidity and mortality? 11 14 and decreased BDR
likely contributes to these disparities in disease progression and outcomes. The extensive use
of albuterol as a first-line therapy for asthma, coupled with the decreased drug response
(BDR) and increased disease burden in African Americans underscores the importance of
identifying genetic factors that influence BDR in African American children with asthma.
Once identified, these factors may lead to the generation of novel therapies and targeted
interventions that will serve to improve patient care and asthma outcomes in an over-
burdened and under-studied population.

To date, knowledge of genetic variation that contributes to BDR in African Americans is
limited to a single genome-wide association study (GWAS) in 328 individuals3. Previous
GWAS and candidate gene studies performed in populations of predominantly European
ancestry with asthma have identified several BDR candidate genes!? 1524, A recent study in
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Latinos with asthma replicated a number of these findings, and also identified novel
population-specific associations with BDR10. Genetic effects identified in one population
are not always generalizable across populations and several population-specific asthma-risk
variants have been discovered in African-descent populations (e.g., African Americans and
Latinos)2>-27. Additionally, previous studies have shown that the varying degrees of African
and European ancestry present in the African American population can be leveraged,
through a technique known as admixture mapping, to identify the missing heritability of
complex traits28. Admixture mapping is a genome-wide approach that uses the variable
allele frequencies of multiple SNPs between different ancestral populations to test for an
association between local ancestry and phenotype28. The likelihood of population-specific
effects, the limited number and scale of prior studies of BDR performed in African
Americans, and ability to perform admixture mapping analysis highlights the possibility of
gaining novel information through evaluating the impact of common genetic factors on BDR
in African American children with asthma.

In this study, we performed a GWAS and admixture mapping study of bronchodilator drug
response in 949 African American children with asthma from the Study of African
Americans, Asthma, Genes & Environments (SAGE 1 and 11)2°. To increase power and
distinguish between population-specific vs. shared associations, we also performed a trans-
ethnic meta-analysis across our SAGE | and SAGE Il participants and 1,830 Latinos from
GALA 11 (Genes-environments and Admixture in Latino Americans) studies?6, respectively
(total N=2,779). We further attempted replication of our population-specific and trans-ethnic
meta-analysis results in 416 Latinos from the Genetics of Asthma in Latino Americans study
(GALA 1)11.30 1 325 African Americans from the Study of Asthma Phenotypes and
Pharmacogenomic Interactions by Race-Ethnicity (SAPPHIRE)30: 31 and 290 African
Americans from the Severe Asthma Research Program (SARP)32: 33,

METHODS

Study subjects from the Study of African Americans, Asthma, Genes & Environments

The Study of African Americans, Asthma, Genes & Environments (SAGE) is an ongoing
case-control study of asthma in children and adolescents recruited from the San Francisco
Bay Area in California?®. Subjects were eligible if they were 8-21 years of age and self-
identified all four grandparents as African American. Exclusion criteria included: (1) 10 or
more pack-years of smoking; (2) any smoking within 1 year of recruitment date; (3)
pregnancy in the third trimester; or (4) history of one of the following conditions: sickle cell
disease, cystic fibrosis, sarcoidosis, cerebral palsy, or history of heart or chest surgery.
Asthma was defined by physician diagnosis, asthma medication use and reported symptoms
of coughing, wheezing, or shortness of breath in the 2 years preceding enrollment. Detailed
clinical measurements were recorded for each individual whom DNA was collected from. In
addition, trained interviewers administered questionnaires to obtain baseline demographic
data, as well as information on general health, asthma status, social, and environmental
exposures. Pulmonary function testing was conducted with a KoKo® PFT Spirometer
(nSpire Health Inc., Louisville, CO) according to American Thoracic Society
recommendations34, to obtain forced expiratory volume in one second (FEV;) in addition to
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other standard measurements of airway obstruction. Subjects with asthma were instructed to
withhold their bronchodilator medications for at least 8 hours before testing. After
completing baseline spirometry, subjects were given albuterol administered through a
metered-dose inhaler (90 mcg/puff) with a spacer, and spirometry was repeated after 15
minutes to obtain post-bronchodilator measurements. The dose of albuterol was different in
early stages of SAGE recruitment (2001-2005: SAGE 1) than in more recent participants
(2006-present: SAGE I1). In SAGE I, post-bronchodilator FEV; values were measured after
providing the participants 2 puffs of albuterol (180 pg) if they were younger than 16 years of
age and 4 puffs of albuterol (360 pg) if they were 16 years of age or older. In SAGE II, two
doses of albuterol were delivered. For the first dose, 4 puffs of albuterol (360 pug) were
provided independently of the age of the participant. For the second dose, two puffs (180ug)
for children < 16 years old were administered and 4 puffs for subjects older > 16 years.

Body mass index (BMI) was calculated for each participant using weight and height
measures and converted to a categorical scale of underweight, normal, overweight, and
obese according to the Centers for Disease Control and Prevention. For participants under 20
years old, standardized sex- and age-specific growth charts were used to calculate BMI
percentiles (http://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm) and
categorize their BMI as: underweight (BMI percentile<5™), normal (5t'<BMI1<85t"),
overweight (85M"<BMI1<95™), and obese (BMI1=95™). For participants 20 years and older,
BMI categories (http://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html -
interpretedAdults) were defined as: underweight (BMI1<18.5), normal (18.5<sBMI<25),
overweight (25<BMI<30) and obese (BMI=30). Further information about SAGE can be
found in the Supplementary Text Supplementary Table 1.

Institutional review boards approved the study and all subjects/parents provided written
assent/consent, respectively.

Genotyping and quality control (SAGE)

A total of 1,821 samples (1,011 asthma cases and 810 controls) were genotyped with the
Axiom® World Array 4 (Affymetrix, Santa Clara, CA) at ~800,000 SNPs. Quality control
was performed by removing SNPs that failed manufacturer’s quality control, had genotyping
call rates below 95%, and/or had a deviation from Hardy-Weinberg equilibrium (p<10-5)
within controls. 772,135 genotyped SNPs passed quality control. Samples were filtered
based on discrepancy between genetic sex and reported gender and cryptic relatedness
(PI_HAT>0.3). We excluded 3 subjects who were outliers for BDR (BDR of >60, or <-10).
After sample quality control we included 759 SAGE Il and 190 SAGE | asthma cases, for a
total of 949 individuals with both genome-wide SNP data and measurements of
bronchodilator drug response in the current study (Table 1). Phasing of genotyped SNPs was
performed using SHAPE-IT35, and genotype imputation was performed using

IMPUTE236. 37 ysing all populations from 1000 Genomes Project Phase 11138 as a reference.
Following imputation, a total of 9,573,507 genotyped and imputed (info score >0.3) SNPs
with a MAF>0.05 were analyzed for SAGE 1l and 9,605,653 were analyzed for SAGE 1.
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Study subjects from the Genes-environments & Admixture in Latino Americans study

(GALA I1)

A total of 1,830 Latino children with asthma genotyped with the Axiom LAT1 array (World
Array 4, Affymetrix) were included in our analysis (Table 1). Asthma cases were defined in
a similar manner as SAGE with detailed clinical measurements recorded for each individual
whom DNA was collected from. Additionally, each individual underwent spirometry with
BDR calculated as the percentage change in FEVq after 2 doses of albuterol (post-FEV)
compared with baseline values before administration of albuterol (pre-FEV4). Post-
bronchodilator FEV values were measured after providing the participants 2 doses of
albuterol, with a 15-minute waiting period after each dose. A total of 6 (if <16 years of age)
to 8 (if =16 years of age) puffs of albuterol were administered. A total of 408 patients from
the Centro de Neumologia Pediatrica in Puerto Rico were recruited based on having a BDR
of at least 8%; of these, 121 patients were recruited based on having a BDR of at least 12%.
Further details about GALA |1 are described in the Supplementary Text, Supplementary
Table 1 and in depth elsewhere0. Imputation procedures identical to those described above
for SAGE | and SAGE Il were implemented, resulting in a total of 7,498,942 genotyped and
imputed (info score >0.3) SNPs with a MAF>0.05.

Study subjects from the Genetics of Asthma in Latino Americans study (GALA 1)

Our replication phase included 247 Mexican and 169 Puerto Rican asthma cases genotyped
with the Genome-Wide Human SNP Array 6.0 (Affymetrix). Subjects were included in the
study if they were between the ages of 8-40 with physician diagnosed mild to moderate-
severe asthma and had experienced two or more symptoms during the two years preceding
time of recruitment (including wheezing, coughing and/or shortness of breath.)). BDR was
measured in a similar way to GALA 11, but with a lower dosage of albuterol. Specifically,
post-FEV values were measured after only a single dose of albuterol (compared with 2
doses in GALA I1). Two (if <16 years of age) to 4 (if =16 years of age) total puffs of
albuterol were administered (compared with 4 [if <16 years of age] and 6 [if =16 years of
age] in GALA II). Further details of the study are described in the Supplementary Text,
Supplementary Table 1 and elsewherel: 30,

Study subjects from the Study of Asthma Phenotypes and Pharmacogenomic Interactions
by Race-Ethnicity (SAPPHIRE)

For additional replication, we included 1,325 Africans Americans with asthma from
SAPPHIRE? genotyped with the Genome-Wide Human SNP Array 6.0 (Affymetrix).
Subjects met the following criteria: age 12-56 years, had a diagnosis of asthma (based on
both patient report and documentation in the medical record), did not have a prior diagnosis
of chronic obstructive pulmonary disease or congestive heart failure (CHF), a baseline FEV,
between 40-90% predicted, >12% baseline bronchodilator reversibility, no smoking in the
preceding year or <10 pack-year smoking history total, no oral or inhaled corticosteroid use
in the 4 weeks preceding screening, and not pregnant at the time of enrollment and not
intending to get pregnant during the study period. Spirometry testing was performed using a
KoKo® PFT Spirometer, (nSpire Health Inc., Louisville, CO) following 2005 ATS/ERS
spirometry recommendations34. Patients with asthma who were using inhaled
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bronchodilators were asked to withhold these medications for the 12 hours prior to
spirometry tests. To assess BDR a 360 ug dose (i.e., 4 puffs) of inhaled albuterol sulfate
hydrofluoroalkane (HFA) (GlaxoSmithKline, Research Triangle Park, NC) from a standard
metered dose inhaler (MDI) using an AeroChamber Plus Flow-Vu® spacer (Monahan
Medical Corp., Plattsburgh, NY) was administered to patients. Pulmonary function was
reassessed 15 minutes after administering albuterol. BDR was measured as the change in
forced expiratory volume at one second (FEV1) between the baseline (pre-bronchodilator)
measure and post-bronchodilator FEV. Estimates of local ancestry were obtained using
RFMix39,

Study subjects from the Severe Asthma Research Program (SARP)

We included 290 African Americans with mild to severe asthma from SARP genotyped with
the Illumina 1Mv1 platform2>. SARP is a comprehensively characterized cohort with a
range of asthma severities from mild to severe, but was enriched for severe disease defined
by the American Thoracic Society (ATS) criteria for refractory asthma. Subjects met the
definition of severe persistent asthma32: 33. 40 A physician’s diagnosis of asthma was
confirmed by evidence of methacholine bronchial hyperresponsiveness or bronchodilator
reversibility and documented asthma symptoms. Baseline pre-bronchodilator spirometry was
performed after withholding long and short-acting bronchodilators. Post-bronchodilator
FEV1 measurements were performed by increasing doses of albuterol of 200ug (two
inhalations) up to a maximum dose of 800ug (eight inhalations).

Assessment of genetic ancestry

Genotypes from two populations were used to represent the ancestral haplotypes of African
Americans for estimating local ancestry: HapMap European (CEU) and HapMap Africans
(YRI). For Latinos, genotypes from 71 Native Americans were used as an additional
ancestral population*l. These 71 individuals included: 14 Zapotec, 2 Mixe, and 11 Mixtec
from the southern State of Oaxaca®? and 44 Nahua individuals from Central Mexico3.
Global ancestry was estimated using ADMIXTURE*4 in a supervised analysis assuming two
ancestral populations for African Americans and three ancestral populations for Latinos.
Local ancestry was estimated using the program LAMP-LD*2 in the GALA and SAGE
studies and with RFMix in SAPPHIRE®®,

Genotype association testing

All statistical analyses were conducted using R (version 2.15.3). For SAGE individuals, we
used standard linear regression to test for an association between BDR and allele dosage at
each individual SNP, adjusting for age, sex, BMI category, and both global and local African
ancestry. A GWAS of BDR in GALA Il has been previously published®. However, since
this previous work did not include adjustment for BMI, we re-ran the GWAS using a new
reference imputation panel and further adjusted by BMI in the present study“®. For GALA II
individuals, we adjusted for age, sex, BMI category, ethnicity, global Native American and
African ancestry, and local ancestry. All analyses were performed using imputed genotypes
from 1000 Genomes phase 111. Using the fixed-effects model implemented in METAL?6, we
performed a meta-analysis of common variants (MAF = 5%) across African Americans
(SAGE I and SAGE Il) and Latinos (GALA I1). We selected variants that were common
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(MAF = 5%) within each individual study and then took the intersection of SNPs for the
meta-analysis.

Admixture mapping

We used local ancestry estimates generated across the genome to perform admixture
mapping in African Americans. Linear regression models adjusted for age, sex, BMI
category, and global African ancestry were used to identify significant associations between
local ancestry estimates and BDR. The threshold for genome-wide significance was
calculated using the empirical autoregression framework with the package coda in R to
estimate the total number of ancestral blocks*”: 48. The Bonferroni threshold was calculated
as a=2.4x10~* based on 245 ancestral blocks. For African Americans, admixture mapping
was performed separately in SAGE | and SAGE Il and combined in a meta-analysis using
METAL%6. An admixture mapping study of BDR in GALA Il has been previously
published®, but did not include adjustment for BMI. In the current study, we re-ran the
admixture mapping study further adjusting by BMI4° to be consistent with the SAGE | and
SAGE Il analyses. For GALA Il Latinos, linear regression models adjusted for age, sex,
ethnicity, BMI category, global Native American and African ancestry were used to identify
significant associations between local ancestry estimates and BDR. We further combined the
African ancestry results of SAGEI, SAGE Il and GALA 1l in a meta-analysis using
METAL.

Replication in GALA |, SAPPHIRE, and SARP

We attempted replication of significant population-specific (SAGE | and SAGE Il1) and
cosmopolitan (SAGE I, SAGE Il, GALA I1) associations with BDR in the GALA I,
SAPPHIRE, and SARP studies. Replication in GALA | was performed using genotype
imputation (i.e., /n sifico replication), followed by an examination at a locus-wide level for
SNPs within +/= 50 kb. We imputed 100 kb regions around each SNP using the program
IMPUTE2 for Mexican and Puerto Rican participants run separately using 1000 Genomes
phase Il haplotypes as a reference. Linear regression was used to test for an association
between allele dosage and BDR separately in Mexicans and Puerto Ricans, adjusting for
age, sex, BMI category, global and local ancestry. Replication in SAPPHIRE was performed
using linear regression to test for an association between allele dosage and BDR in African
Americans while adjusting for age, sex, BMI category, and global and local African
ancestry. Replication in SARP was performed using linear regression to test for an
association between allele dosage and BDR in African Americans while adjusting for age,
sex, BMI, and global African ancestry. For GALA | and SAPPHIRE replication, statistical
significance at the SNP level was evaluated at p<0.05, and at the locus-wide level was
established using a conservative Bonferroni correction adjusting by the number of SNPs
within +/- 50 kb of the original candidate SNP. For SARP replication, statistical significance
was evaluated at p<0.05 at the SNP level only.
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After filtering variants with a MAF = 5% and with imputation quality score (info score) =
0.3, we tested for an association of BDR at a total of 9,190,349 SNPs in 949 African
Americans with asthma (A = 1.006). We identified a single genome-wide significantly
associated SNP within an intergenic region on chromosome 9 (rs73650726, imputation
quality score=0.86) (Figures 1, 2, Supplementary Figure 1A, Table 2). At this variant,
additional copies of the Al allele (A), was associated with decreased drug response (B=-3.8,
p=7.69x1079) (Table 2 & Supplementary Figure 2, Table 2). The SNP rs73650726 is
common in African Americans but rare in Latinos, with a minor allele frequency of 8% in
both SAGE studies, but at a frequency of 1% in GALA 1l. This is consistent with allele
frequencies observed in the 1000 Genomes Project, where the variant is common in African
populations (8%), rare in Latino populations (1-2%), and absent in European and Asian
populations (Figure 3)4°.

In order to increase power and identify associations shared between populations we
performed a trans-ethnic meta-analysis across African American and Latino participants
from SAGE I, SAGE Il, and GALA II. Following quality control and filtering on variants
common in each study (MAF = 5%), we took the overlap between the three studies and
performed a meta-analysis on 6,570,864 SNPs. We identified genome-wide significant
associations at three SNPs located on chromosome 10 within the intron of PRKGI:
rs7903366 (B=1.23, p=3.94x1078), rs7070958 (B=-1.24, p=4.09x1078), and rs7081864
(B=1.23, p=4.94x1078) (imputation quality scores > 0.98, Figures 4 & 5, Table 2,
Supplementary Figures 1B & 2, Table 2). All three SNPs are in linkage disequilibrium and
are eQTLs for PRKGI in lung tissue from the Genotype-Tissue Expression (GTEXx) database
(Table 3)°0, with the minor allele associated with decreased expression.

Replication of African American population-specific (rs73650726) and shared (rs7903366,
rs7070958, rs7081864) variants was attempted in three independent Latino (GALA 1) and
African American (SAPPHIRE and SARP) studies. The African American population-
specific association between rs73650726 and BDR, identified in the SAGE studies, was in
the same direction in GALA | Puerto Ricans (B = —6.22) and the SAPPHIRE cohort of
African Americans (f = —0.65), but in the SARP African American cohort the association
was in the opposite direction (p = 6.12, p=0.04) (Supplementary Table 3). In addition, none
of the SNPs within 50 kb of the four original SNPs were significantly associated with BDR
following Bonferroni correction (Supplementary Table 4). Lastly, we evaluated previously
identified candidate SNPs from prior candidate gene and GWAS with BDR in patients with
asthma. After accounting for fifteen comparisons, no SNPs met the statistical significance
threshold (p<3.33x1073) (Supplementary Table 5); only rs9551086 in SPATA13had a p-
value below 0.05 (p=0.02).

Admixture mapping results

We tested for an association of BDR with local genetic ancestry inferred at 478,441 SNPs in
949 African Americans with asthma (190 from SAGE | and 759 from SAGE II)
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(Supplementary Figures 3 & 4). A meta-analysis across both studies yielded no significant
associations with ancestry (p<2.4x10™4) (Supplementary Figure 5). The most significant
peak was located on chromosome 8p11, where African ancestry was associated with higher
BDR (p=1.49, p=6.34x10~%) (Supplementary Table 6). A meta-analysis across SAGE |,
SAGE Il and GALA Il yielded results consistent with previous findings in the original
admixture mapping study of GALA 11 (see 10) (Supplementary Figure 6).

DISCUSSION

We performed a genome-wide association study for bronchodilator drug response in African
Americans and identified a population-specific association between BDR and rs73650726,
located on chromosome 9. Specifically, we discovered that the G (A2) allele of rs73650726
was associated with increased BDR and is more common in African Americans compared to
European populations (Figure 3). The variant rs73650726, located on chromosome 9, does
not map to any gene, but SNPs in high linkage disequilibrium (r2>0.8) with this marker are
located in enhancer histone marks in lung tissues [36].

Our results demonstrate that population-specific genetic variation contributes to variation in
BDR in African American children with asthma. We further combined our results in a meta-
analysis for BDR in African Americans and Latinos and identified multiple intronic variants
in PRKG1 that were associated with BDR in both populations. Overall, our results
demonstrate that population-specific and shared genetic factors contribute to variation in
BDR among African American children with asthma.

Three of our significantly associated variants fell within the intronic region of an annotated
gene, Protein Kinase, CGMP-Dependent, Type | (PRKGI). PRKG1 encodes for a cyclic
GMP-dependent protein kinase, which phosphorylates proteins involved in regulating
platelet activation and adhesion®1, gene expression®?: 33, vascular smooth muscle cell
contraction®, and feedback of the nitric-oxide (NO) signaling pathway®°. Notably, the NO
pathway is a key pathway in modulating vasodilation in response to beta-agonists such as
albuterol via By-adrenergic receptors 26, making PRKG1 a highly plausible BDR candidate
gene. The three SNPs are in high linkage disequilibrium (r2>0.8) with variants known to be
functional®’, and are all associated with the expression of PRKG1 in the lung — a tissue
highly relevant to BDR. From the GTEXx project database, the reference allele for all three
SNPs was associated with decreased expression of the gene in lung tissue®. Thus, additional
studies are required to identify the causal underlying variation at this locus, such as direct
sequencing of this locus, and how the expression of PRKGI may be related to differences in
BDR.

We sought to replicate our study findings and candidate SNPs previously found to be
associated with BDR. The African American population-specific SNP, rs73650726,
replicated in the opposite direction in the SARP cohort which could be due to differences in
study design (Supplementary Figure 7). In candidate gene studies of BDR, the glyl6arg
variant in the Beta-2 adrenergic receptor gene (ADRBZ2) has consistently replicated opposite
effects on BDR depending on whether medication exposure was acute or chronic12 5860,
The SARP and SAGE studies administered different albuterol doses, had differences in
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medication withholding periods, and SARP individuals were more likely to be treated with
long-acting B,-adrenergic receptor agonists (LABAS) over extended periods for severe
disease. Additional factors that may have impacted replication include the presence of
population specific differences in genetic contributions to BDR, lack of power due to small
populations sizes, and/or varying patterns of linkage disequilibrium between populations.
Furthermore, we were limited in sample size in GALA 12° to evaluate associations at low
frequency variants, and note that SAPPHIRE is comprised of mainly adults3! in comparison
to SAGE and GALA Il, which are comprised of mainly children.

In conclusion, we identified two novel loci with biological plausibility whereby genetic
variation is associated with differential response to albuterol, the most commonly prescribed
asthma medication. One of these loci contains variation associated with BDR that is
common to African Americans, a population that has historically been understudied in
genetic studies®1-63, Further genetic studies in African Americans are essential for
identifying a more comprehensive set of genetic variants that contribute to differences in
BDR, which in turn will lead to a better understanding of the pharmacogenetic response to
asthma therapies. This will provide the foundation for genetic risk profiling and precision
medicine, identifying novel genes and pathways associated with BDR, and the development
of novel asthma therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Meta-analysis of genome-wide association studies with BDR in African Americans.
Association testing for BDR was performed using linear regression including age, sex, BMI

category, local and global ancestry as covariates separately in SAGE | and Il and combined
in a meta-analysis. Dotted line indicates the genome-wide significance threshold of 5 x 1078,
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Figure 2: LocusZoom plot of chr9:84653000-85653000.
Region includes genotyped and imputed variants from 1000 Genomes phase 3. Blue =

variants common in SAGE | and II. Dotted line indicates the genome-wide significance
threshold of 5 x 1078,
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Figure 3: Geographic distribution of allele frequencies of rs73650726.
Each pie chart refers to a population from the 1000 Genomes Project phase 3. Yellow=

Major allele (A), blue = minor allele (G). rs73650726 is common only in populations with
African ancestry.
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Figure 4: Meta-analysis of genome-wide association studies with BDR in African Americans and
Latinos.

Association testing for BDR was performed using linear regression including age, sex, BMI
category, local and global ancestry as covariates; including ethnicity for GALA I1. Dotted
line indicates the genome-wide significance threshold of 5 x 1078,
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Figure 5: LocusZoom plot of chr10:53200000-54200000.
Region includes genotyped and imputed variants from 1000 Genomes phase 3. Green =

variants common in SAGE |, SAGE Il and GALA Il. Dotted line indicates the genome-wide
significance threshold of 5 x 108,
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Descriptive statistics of SAGE I, SAGE |1, & GALA Il asthma cases.

Table 1:

Values shown are the means, with the standard deviation in parentheses.

SAGE | SAGE Il GALA I

Total (N) 190 759 1830
Age (year) 18 (9.3) 14 (3.6) 13(3.2)

<18 years (%) 64% 86% 93%
Sex (YoMale) 41% 52% 55%
Race/Ethnicity African American | African American | Latino
Global African Ancestry 0.81 (0.13) 0.72 (0.12) 0.15 (0.13)
Global Native American Ancestry | - - 0.30 (0.25)
BMI

<20 years 25(7.3) (N=132) | 25(7.2) (N=722) | 23 (6.5) (N=1782)

>20 years 31(7.8) (N=58) 29 (7.0) (N=37) 30 (6.6) (N=48)

Pulmonary Function

Pre-FEV1 % Predicted 92 (16) 99 (14) 91 (16)
Pre-FVC % Predicted 100 (17) 104 (13) 95 (16)
BDR (%) 9(9.1) 9.5(6.9) 11(8.2)
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11, and GALA II).

Table 2:
Genome-wide significant associations identified through a meta-analysis within African

Americans (SAGE | and I1), and within African Americans and Latinos (SAGE I, SAGE

Page 22

Under ‘Direction’ the first symbol refers to SAGE 1, second to SAGE 11, and third to GALA I1. 0 = absent/rare

in study
African Americans (SAGE I and I1):

Chr SNP Position (hg19) | Al | A2 | Effect (A1) | StdErr Pvalue Direction
9921 | rs73650726 85152666 A G -3.8 0.66 7.69x107° --0
African Americans + Latinos (SAGE I, SAGE I, GALA 11):

Chr SNP Position (hg19) | A1 | A2 | Effect (Al) | StdErr Pvalue Direction
10921 | rs7903366 53689774 C 1.23 0.22 3.94x1078 +++
10g21 | rs7070958 53691116 G -1.24 0.23 4,09x1078 -
10g21 | rs7081864 53690331 G 1.23 0.22 4.94x1078 +++
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Table 3:
Correlation between the expression of PRKG1 in the lung and minor alleles at three

intronic SNPs associated with BDR (cis-eQTLS).

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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Data is from the GTEXx database.

SNP Ref Allele | Pvalue | Effect (Ref Allele) | T-Statistic | StdErr | Tissue Gene

rs7903366 C 0.00051 -0.12 -3.5 0.034 Lung PRKG1
rs7070958 A 0.00046 -0.12 -3.6 0.034 Lung PRKG1
rs7081864 G 0.00052 -0.12 -3.5 0.034 Lung PRKG1
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