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Systems biology approaches in asthma pharmacogenomics study
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The response to drug treatment in asthma is a complex trait and is markedly variable even in patients with apparently similar clinical
features. Pharmacogenomics is a study of variations of human genome characteristics as related to drug response. A traditional can-
didate-gene approach and genome-wide association studies have provided an increasing list of genes and variants that was associ-
ated with asthma medications. However, as phenotypic variations arises from a network of complex interactions among genetic
and environmental factors, rather than individual genes, a multidisciplinary, system-level approach is required in order to under-
stand the interrelationships among these factors. Systems biology that studies organisms as integrated and interacting networks of
genes, proteins and biochemical reactions can contribute to this. It is likely that the combination of network modeling, functional
validation, and integrative -Omics will be needed to move asthma pharmacogenomics closer to clinical relevance. (Allergy Asthma

Respir Dis 2014;2:326-331)
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Fig. 1. General purpose of a pharmacogenomics study. IL, interleukin.
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Table 1. Typical examples of pharmacogenomics study in asthma using candidate gene approach or GWAS

Approach and drug classes  Gene Assaciated variants Comments Reference
Candidate gene approach
Inhaled B-agonists ADRBZ rs1042713 (Gly16Arg) Drug receptors have been thought to be optimal targets in pharmacogenomics studies. 10
ARGT rs2781659 Given that a response to inhaled B2-agonists in asthma is a complex phenotype, they 16
selected targets by screening variants in the B2 adrenergic pathways.
THRB rs892940 They hypothesized that genes regulated by in vitro exposure to isoproterenal (z-agonist) 17
would be good candidates and tested transcription factors genes.
Inhaled corticosteroids ~ CRHR1 rs242941, rs1876828, They focused on the endogenous glucocorticoids biosynthesis pathway in selecting 18
rs2236647, rs6591838 optimal targets.
1BX1 rs2240017 (His33Glu) They showed that drugs could interact with genes that are not in the direct metabolic or 19
signaling pathway of the drug.
Leukotriene modifier ALOX5 Promoter repeat They focused on the leukotriene biosynthesis pathway in selecting optimal targets. 2021
rs4987105, rs4986832
CYSLTRZ  1s91227,1s912278
GWAS approach
Inhaled B-agonists SPATSZL 15295137 This study consisted of 1,644 asthma subjects from six trial cohorts and twa replication 22
cohorts.
SLC22A15 151281748, rs1281743 Atotal of 2,313 Latino children with asthma was enrolled in the primary and replication 23
study. They suggested that rare variation contributes to a differential drug response.
Inhaled corticosteroids ~ GLCCIT rs37972 One hundred and eighteen probands from the CAMP trial and 935 asthma subjects from 24
four additional replication cohorts.
T rs3127412, rs6456042 This study consisted of 408 asthma patients from the CAMP. ACRN, and CARE trial and a 25

replication cohort consisting of 407 asthma patients.

FBXL7 rs10044254

This is the first GWAS for asthma symptom responses to ICS and they suggested that 26

there may be a specific genetic mechanism regulating symptomatic response in children
that does not carry over to adults.

Leukotriene modifier ALOX5AP 117238738

This is the first GWAS of leukotriene modifier in asthma and they showed that previously

unreported genes and loci within pathways for leukotriene both production and response
are implicated in therapeutic responsiveness.*

RGS13 rsd147217

CAMP. childhood asthma management program; ACRN, asthma clinical research network; CARE, childhood asthma reserch and education; ICS, inhaled corticosteroid;

GWAS, genome wide association study.
*Dahlin A, Litonjua A, Irvin CG, Peters SP. Lima JJ, et al., submitted manuscript.
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Fig. 2. Components of system. Node, basic component (e.g. each gene, pro-
tein, or metabolite); line, relation between nodes; hub, important node.
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Table 2. Recent examples of pharmacogenomics study in asthma using systems biology

Drug classes Gene  Associated variants Comments Reference
Inhaled Bz-agonists 15 genes 15 SNPs They aimed to validate a genetic predictive model of BDR created with Bayesian networks and they 47
constructed a model using 15 SNPs in 15 genes with the highest likelihood of predicting BDR.
Inhaled corticosteroids ~ TNC rs7850103 Using an integrative approach, they reported that drug specific éQTL associated with change in TNC 49
expression following dexamethasone stimulation in cultured human osteoblast-like cells were also
associated with clinical response to ICS in asthma.
SPATAZ20 rs6504666, They conducted an eQTL analysis in dexamethasone treated and untreated lymphoblast cell lines 50
rs1380657 obtained from asthmatic subjects in the CAMP trial and tested the associations of eQTL with

longitudinal change in airway responsiveness to methacholine on ICS.

ACOT4 rs12891009
BRWD1 rs2037925,

rs2836987
ALG8 rs1144764
NAPRT1 rs3793371

SNP single nucleotide polymorphism; BDR, bronchodilator response; eQTL, expression quantitative trait loci; ICS, inhaled corticosteroid; CAMP. childhood asthma management

program.
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