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Abstract

The common variants that influence the architecture of complex human diseases such as asthma
have extremely small effects that can only be captured by very large studies. A group of geneticists
and statisticians from the University of Chicago relied on the UK Biobank (a publicly available
repository of genetic and phenotypic data collected on approximately 500,000 individuals from
across the United Kingdom) to identify both shared and distinct genetic risk factors for childhood-
and adult-onset asthma and thus assess whether these are the same or distinct diseases. Using a
bold analytical approach that combined genome-wide association studies (GWAS), tissue
enrichment patterns for expressed GWAS loci, and genotype-imputed gene expression data, the
authors identified loci with both age of onset-specific effects and shared effects, and biological
pathways and tissues potentially linking genetic variation to asthma pathogenesis.
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9433 adults with childhood-onset asthma, 21 564 adults with adult-onset asthma, 6849 individuals
with adolescent or young adult-onset asthma, and 318 237 controls, all of whom were studied not
only in genome-wide but also in transcriptome-wide association studies - and all of that predicated
on existing data and a computational tour de force, without ever holding a pipette or setting foot in
a clinical lab (1). This is how a clever group of geneticists and statisticians from the University of
Chicago addressed (and to a significant, albeit not complete, extent) solved the “need-for-big-data”
problem that has been plaguing asthma and (more generally) complex disease genetics over the last
decade. The common variants that appear to influence the architecture of complex human traits at
the population level have extremely small effects that can only be captured by very large studies. In
response to this realization, breathtakingly large data repositories built with government funds are
now becoming available and changing the face of genetics as we knew it. Unlike many of the cohorts
previously developed, these repositories collect unselected samples and thus are (hoped to)
faithfully represent the genetic and phenotypic architecture of the original populations. One such
data set is the UK Biobank, a prospective cohort study with genetic and phenotypic data collected
on approximately 500,000 individuals from across the United Kingdom, aged between 40 and 69 at
recruitment (2). Although it includes almost exclusively samples from individuals of white
European descent and thus does not address the important question of ethnic and racial
heterogeneity in disease prevalence and severity (3), the UK Biobank is currently unique among
open resources for its size and scope. With palpable pride, its curators state that “a rich variety of
phenotypic and health-related information is available on each participant, including biological
measurements, lifestyle indicators, biomarkers in blood and urine, and imaging of the body and
brain. Follow-up information is provided by linking health and medical records. Genome-wide
genotype data have been collected on all participants, providing many opportunities for the
discovery of new genetic associations and the genetic bases of complex traits.” By comparison, the
ongoing National Heart, Lung and Blood Institute-sponsored Trans-Omics for Precision

Medicine (TOPMed) program (https://www.nhlbiwgs.org/), which is shaped by similar goals,
contains whole genome sequencing data and extensive, standardized cross-sectional and
longitudinal phenotypic information, but as of October 2018 consisted “only” of ~144,000
participants with a focus on heart, lung, blood, and sleep disorders.

Thus it was that the University of Chicago group chose to rely on the UK Biobank to identify both
shared and distinct genetic risk factors for childhood- and adult-onset asthma and thus assess
whether these are the same or distinct diseases. There is value to the use of large data sets in
common diseases such as asthma. Besides sheer numbers of samples, genotyping is usually
performed in established approved central laboratories. Existing data can be analyzed by
imputation, and imputed data can be further related to genomic signals. Similar to the US Million
Veterans Program and All of Us, the data rely extensively on electronic health records, which allows
for large sample sizes at costs that academic groups can finally afford. On the other hand, there are
potential pitfalls, some of which the authors themselves acknowledge. Disease misclassification
between asthma and more environmentally-induced airway diseases such as chronic obstructive
pulmonary disease (COPD) occurs often. The effect of tobacco exposure blurs the distinction
between asthma and COPD. Indeed, patients with Asthma-COPD Overlap (ACO) syndrome often
receive an asthma diagnosis even though their disease is more compatible with COPD. The reported
values for active smoking may not fully reflect actual prior tobacco exposure and thus hinder the
analysis of gene-environment interactions that are important in this group of subjects. Moreover,
data on gene expression - a major component of this work - were not actually measured but rather
imputed using prediction models trained in large reference databases of genotypes and tissue-
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specific gene expression profiles. With these genotype-imputed expression profiles in hand, gene-
based association tests can be performed to correlate the predicted expression levels with
phenotypes (e.g, asthma) and identify candidate causal genes from GWAS data. Although this is one
of the most creative and interesting approaches used in this statistically sophisticated paper, some
genes might have been misevaluated because of difficult imputation. Finally, the gene expression
data used to predict candidate genes were derived from heterogeneous tissues collected mostly
from adults, implying that genes with developmentally or environmentally regulated expression
might have been missed.

Because all of these difficulties are real and potentially daunting, it is even more striking that of 61
loci found to be associated with asthma (56 in childhood-onset and 19 in adult-onset disease), as
many as 33 actually replicated previous findings, including the chromosome 17q locus as the most
significant signal for childhood-onset asthma and HLA as the region most significantly associated
with adult-onset asthma. Overall, these results powerfully validate the analytical strategies chosen
in this study and their ability to tease out of a seemingly unwieldy data set genetic information that
makes sense. In turn, this validation implies that the asthma-associated loci reported by this study
for the first time (Figure 1) should be further explored - both the more “obvious” ones, such as
IRF4, CCL20, IL6, MUC5AC, FADS2, TBX21 and RUNX1, and those more unexpected, such as cytokine
and chemokine receptors and signaling molecules. It is also worth noting that essentially all the
new asthma genes identified in this study have relatively modest genome-wide significance and
therefore fall within the “medium/high hanging fruit” group (4) that may have been made
discoverable primarily by the high statistical power of this unusually large analysis.

And there is more. By linking expression of genes mapping to childhood-onset or adult-onset
asthma loci to specific tissues, the authors demonstrated that genes at childhood-onset loci were
most highly expressed in skin, whereas genes at adult-onset loci were most highly expressed in
lung and spleen. These findings provide independent support for the notion that the inception of
childhood asthma is triggered by defects in barrier function that alter mucosal immune responses
and disturb the mucosal/microbial interface. These defects appear to have strong genetic
determinants. On the other hand, the enrichment for lung-and spleen-expressed genes in adult-
onset asthma (a condition that shares many genetic risk factors with childhood-onset asthma but
with overall much smaller effects) points to organ-centered immune events, possibly triggered by
environmental exposures.

Studies of this kind bridge past, present and future. They confirm what we knew and offer a
platform to identify novel candidates and test intriguing hypotheses. For instance, studies with
sputum, airway brushings and broncho-alveolar lavage, especially in adults, will allow to both
replicate and extend these results before testing them in other biological models (5, 6). Large data
sets might provide the granularity required to begin formulating testable hypotheses about the
pathways underlying adult-onset asthma, a disease that has a reduced or absent family history and
less active type-2 immune mechanisms, yet may be neutrophilic or eosinophilic (7). It will also be
critical to understand the genetic influences involved in (biological) sex effects and patterns of
asthma severity in childhood and later in life. Recent studies show that more boys than girls, and
more women than men, have asthma; genetic as well as hormonal factors may underlie these
differences. Disease severity and progression also differ sharply among ethnic groups; large studies
in multi-ethnic populations will be essential to illuminate these clinically relevant issues (7, 8),
support precision pharmacogenetics approaches (9) and deconvolute gene-environment
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interactions potentially underpinning racial disparities. But the road ahead will be long and
possibly bumpy. More comprehensive standardized sub-phenotyping will be necessary to dissect
the different gene and environmental factors that cause heterogeneity in this complex disease.
Indeed, even in a study as large as the University of Chicago one, genome-wide significant loci
accounted for only 32.7% of the heritability of childhood-onset asthma, and only 9.8% of the
heritability of adult-onset asthma. This suggests that many more asthma loci remain to be
discovered, but their very small effects will be detectable only in even larger cohorts - which means
that this may be the end of the beginning, rather than the beginning of the end, of asthma genetics.
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172 Legends

173 Figure 1. Miami plot of childhood-onset (top graph, in blue) and adult-onset (bottom graph,
174  inred) asthma GWAS results from Ref.(1). Each point corresponds to a single nucleotide

175  polymorphism. The x axis shows the position of each polymorphism along the 22 autosomes; the y
176  axis shows the -log10 p values from the childhood-onset GWAS and the adult-onset GWAS. The red
177  dashed line indicates the genome-wide significance threshold (5x10-8). The boxes highlight

178  childhood-onset asthma-specific (blue), adult-onset asthma-specific (dashed red), and shared

179  (blue/red) loci not previously reported in GWAS (adapted from Ref. 1).
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