The Advent of High-Throughput Sequencing Studies of Chronic

Obstructive Pulmonary Disease

A genetic basis for chronic obstructive pulmonary disease (COPD)
has long been suspected on the basis of marked interindividual
variability in lung function among cigarette smokers (1). Severe
alpha-1 antitrypsin deficiency is a known, strong genetic risk factor
for COPD (2, 3), but it explains only a small proportion of cases.
Findings from studies of siblings or relatives of subjects with severe
COPD unrelated to severe alpha-1 antitrypsin deficiency suggest that
most such cases are heritable and likely caused by multiple genes
interacting with the detrimental effects of cigarette smoking (4, 5).

Several approaches have been used to identify susceptibility
genes for COPD unrelated to severe alpha-1 antitrypsin deficiency,
most recently including candidate-gene and genome-wide
association studies (GWAS) focusing on common (minor allele
frequency = 0.05) single-nucleotide polymorphisms. Candidate-
gene studies identified potential susceptibility loci for COPD or
COPD-related phenotypes in inflammatory, oxidant-antioxidant,
and protease-antiprotease gene pathways, a few of which have
been subsequently replicated using genome-wide approaches
(e.g., matrix metalloproteinase 12, MMPI12) (6-8). Over the last
6 years, GWAS have identified multiple susceptibility genes for
COPD or its intermediate phenotypes (e.g., lung function),
confirming the multifactorial etiology of most cases (8-10).

In spite of advances in gene discovery, the effect sizes of
common single-nucleotide polymorphisms identified by GWAS
are small and account for only a modest proportion of COPD
heritability. One potential explanation for the “missing heritability”
of COPD is rare variants with strong effects, which could be
theoretically identified using novel sequencing approaches.

In a report published in this issue of the Journal (pp. 1353-
1363), Qiao and colleagues attempted to discover rare susceptibility
variants for an extreme COPD phenotype (severe disease of early
onset), which may be influenced by rare coding variants with
large effects. The investigators first conducted whole-exome
sequencing to identify rare variants in 347 members of 49 extended
pedigrees in the Boston Early-Onset COPD (EOCOPD) Study (11).
They then conducted a segregation analysis, which identified 69
genes with rare deleterious variants that segregated in at least two
pedigrees in the EOCOPD Study. Rare functional variants in these
69 genes were next tested for association with severe COPD in
399 participants (204 cases and 195 control subjects [“resistant
smokers”]) in the COPDGene Study, in which four genes (DNAHS,
ALCAM, RARS, and GBFI) were shown to have a non-statistically
significant trend for a higher frequency of rare deleterious variants
in cases than in control subjects. Variants for one of these four
genes (activated leukocyte cell adhesion molecule, ALCAM) were
only found in three cases in the COPDGene Study, and a second
gene (RARS [arginyl-tRNA synthetase, cytoplasmic]) was shown to
be differentially expressed in lung tissue from 111 severe COPD
cases and 40 control subjects from an unrelated study cohort.

In addition to attempting to identify rare susceptibility variants in
novel genes, Qiao and colleagues tried to discover rare variants
in known candidate genes for COPD or lung function (11).
Supportive but nondefinitive evidence for such rare variants was
shown for some candidate genes, including FAM13A and CCDC38.

The study by Qiao and colleagues is the first report of a
whole-exome sequencing analysis of COPD, and thus a novel
contribution to the literature (11). As acknowledged by the authors,
their results are inconclusive due to lack of statistical significance or
functional validation and must thus be cautiously interpreted
pending further work. Moreover, the study findings cannot be
generalized to members of other racial or ethnic groups such as
African Americans, in whom rare variants are more frequently
detected than in subjects of European descent (12). Nonetheless,
the report suggests that rare causal variants for severe COPD are
likely to be found in multiple genes and further illustrates the
genetic heterogeneity of COPD, even within an extreme phenotype
such as severe disease of early onset.

The study by Qiao and colleagues provides important
lessons for future next-generation sequencing studies of COPD (11).
First, this report and recent sequencing studies of complex
cardiovascular diseases (13, 14) suggests that large sample size
(e.g., thousands of subjects) is likely needed to detect rare
susceptibility variants for COPD because of genetic heterogeneity
as well as potential gene-by-gene or gene-by-smoking interactions.
Second, replication of positive findings in the discovery cohort(s)
in adequately powered replication studies, followed by functional
validation of replicated results, are critical to exclude false positives
due to multiple testing. Third, whole-genome sequencing would
be preferred to whole-exome sequencing, which does not fully
capture variation (within the 5" promoter, 3’ untranslated region,
and intronic regions of genes) that may affect the development
or severity of COPD through regulation of transcription and
expression. Fourth, new methods are needed to analyze potential
rare susceptibility variants for COPD and other complex lung
diseases. Current analytical methods have been developed for
gene-level burden testing, which account for varying genetic
effects of different rare variants and appropriate allele frequency
thresholds for variants from different genes (15). Despite the power
of these analytical approaches, the selection of arbitrary allele
frequencies can exclude variants with deleterious effects.

The common goal of human genetics and precision medicine
research is to identify and validate genetic variants predictive of disease
risk or treatment response. As we continue to identify genetic variation
with next-generation sequencing, variants relevant to human
disease should be incorporated into a larger set of molecular and genetic
biomarker panels, with the ultimate goal of stratifying individuals
for personalized interventions for the prevention and early detection of
disease and development of targeted therapeutics. To develop genetic
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profiles for precision medicine in COPD, future studies must be able to
analyze the expanding volume of data from next-generation whole-
genome DNA and RNA sequencing, along with other “omics” data, to
comprehensively characterize ethnically diverse cohorts with an
adequately broad range of age, sex, cigarette smoke exposure, and
disease severity.
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Neurophenotypes Define Patients with Chronic Cough

From a physiological perspective, coughing represents an important
pulmonary defense mechanism, inasmuch as it serves to clear

the airways of inhaled or aspirated substances and excessive
secretions, which can compromise airway patency and/or promote
pulmonary damage and infection (1, 2). Acute (or transient)
coughing, typically associated with an upper respiratory tract
infection, is defined as cough lasting less than 3 weeks, and
although it can be troubling to the patient at the time, it generally
resolves with minimal therapeutic intervention (3). Chronic
cough, in contrast, is defined as cough lasting greater than

8 weeks, and in a significant number of patients, the duration of
coughing can be many months, and even years (3, 4). Perhaps
surprising to many is that chronic cough is very prevalent in the
community, affecting 9-33% of the population, including children
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(5). Indeed, patients presenting with persistent cough represent
up to 38% of a chest specialist outpatient practice, making cough
the most common complaint for which patients seek medical
attention (5).

Chronic cough is common in patients with both pulmonary
and nonpulmonary conditions, including asthma and cough-variant
asthma, eosinophilic bronchitis, gastroesophageal reflux disease,
rhinosinusitis, chronic obstructive pulmonary disease, and
bronchiectasis (3, 5). However, up to 40% of coughers attending
specialized cough clinics are diagnosed with chronic “idiopathic”
(unexplained or refractory) cough, as an underlying cause for their
cough cannot be identified (5, 6). Indeed, in a recent survey of
people with chronic cough, 47% of respondents indicated the cause
of their cough was undiagnosed, and only 7% reported that the
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