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Genetic studies as a tool for identifying novel potential targets
for treatment of COPD
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Chronic Obstructive Pulmonary Disease (COPD), characterized by chronic airflow
limitation and abnormal response to noxious particles or gases [1] is currently the fourth
leading cause of death worldwide [2] and the only major cause of death that has seen
continued increases in recent years. While smoking cessation, oxygen therapy and
bronchodilators offer some relief from the symptoms of disease, and medications are
available to prevent COPD exacerbations [3], there are currently no treatments available to
slow or stop progression, reflecting a limited understanding of the molecular underpinnings
of the disease. In this issue of the European Respiratory Journal, Obeidat et al. [4] identify
surfactant protein-D (SP-D) as a potentially causal risk factor for COPD. The paper is
presented in multiple distinct parts, beginning with a genome-wide association study to
identify SNPs from three genomic regions (on chromosomes 6, 10 and 16) associated with
circulating levels of SP-D, followed by a Mendelian Randomization study demonstrating
that genetically determined lower levels of SP-D are associated with increased risk of COPD
based on results from a large-scale consortium based on a Genome-wide association study
(GWAS) of up to ~11,000 COPD cases and ~37,000 controls recently published by the
International COPD Genetics Consortium (ICGC) [5]. The results from the study of Obeidat
et al. [4] are promising and open new potential avenues for early diagnosis and treatment of
this disease. How did we get to this novel finding, what steps remain to carry this finding
towards establishing the role of SP-D in COPD, and how can we stimulate additional
discovery of novel therapeutic targets?

Genetic studies of COPD support SP-D as a candidate biomarker

For decades, the SERPINAI gene that encodes a-1 antitrypsin was the only genetic factor
known to accelerate decline in pulmonary function and increase risk of COPD. Replacement
of a-1 antitrypsin may slow the decline for a subset of COPD patients with a-1 antitrypsin
deficiency [6]. Over the past decade, GWAS by the Cohorts for Heart and Aging Research in
Genomic Epidemiology (CHARGE) [7] and SpiroMeta consortia [8] have identified ~30
gene regions that contain common single nucleotide polymorphisms (SNPs) significantly
associated with Forced Expiratory Volume in 1 second (FEV4) and its ratio to Forced Vital
Capacity (FEV1/FVC). GWAS approaches have also been used to identify genetic variants
for COPD [5, 9-13]. Major candidate gene regions identified through GWAS of COPD
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include FAM13A[11], CHRNAS3/5/IREBZ2 9], and HH/P[13], with four novel loci,
EEFSEC, DSP, MTCL 1, and SFTPD, that emerged in the most recently published GWAS of
COPD [5].

Before its identification through GWAS, SP-D had been already studied as a biomarker for
COPD exacerbations [14] and asthma severity [15, 16]. Interestingly, the lead SF7PD SNP
identified in association with COPD [5], rs721917, is a protein coding missense mutation
providing a rationale for SP-D as the protein implicated by the identified genetic association.
The same SNP has also demonstrated association with emphysema [17]. Despite the
mounting evidence of SP-D as a biomarker for COPD, thus far there has not been sufficient
evidence to establish a causal role for SP-D in the development of COPD.

Mendelian randomization analysis and its underlying assumptions

Mendelian randomization provides a useful analytic framework to establish the causality of
a candidate biomarker in pathogenesis of disease. The approach, which can be conducted in
the context of an observational study, builds on the random assignment of alleles at meiosis
to carry out what some consider a “natural” randomized trial. The basic idea underlying the
approach is that we can use data from genetic association studies, including GWAS, to
represent the biomarker of interest. In the study of Obeidat et a/. [4], SNPs identified in
GWAS of SP-D levels were used as instruments independent of potential confounders of the
relationship between SP-D and COPD. When applied correctly, Mendelian randomization
analysis can provide one piece of evidence to establish the biomarker of interest as a causal
factor in the disease of interest [18].

Importantly, Mendelian Randomization analysis relies on multiple assumptions in order to
make a valid inference regarding the causality of the underlying biomarker of interest [19,
20]. Here, we present the three underlying assumptions and discuss the extent to which these
assumptions hold true in the context of the current study.

1 Assumption 1: The SNPs used to construct the instrument should be robustly
associated with SP-D. The study of Obeidat et a/. [4] used a stringent threshold
for genome-wide significance to identify the SNPs taken forward for Mendelian
Randomization analyses, such that we have relatively strong evidence that the
assumption is met. However, as with any GWAS study, it is possible that some of
the identified SNPs represent false positives. Although some of the pQTL
reported in this study have been reported in previous studies [21, 22], some of
the SP-D associated SNPs used in Mendelian Randomization analyses of
Obeidat et al. [4] were newly reported in this study and have yet to be confirmed
in analysis of independent data sets.

2. Assumption 2: The SNPs used to construct the instrument should be unrelated to
any external confounders of the relationship between SP-D and COPD. SP-D has
been associated with COPD even after individuals have ceased smoking [23],
suggesting that the relationship between SP-D and COPD may be at least
partially independent of this major risk factor for COPD. That said, it is difficult
to provide concrete “proof” that this assumption is met, as there are potentially
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additional confounders of the relationship between SP-D and COPD that have
not yet been identified.

3. Assumption 3: The SNPs used to construct the instrument for SP-D are related to
COPD only through their modulation of SP-D levels. While SP-D region SNPs
have previously been reported in genetic association studies of COPD [5, 24] and
emphysema [17], it is noteworthy that the top associated SNP in these studies
was the protein coding missense mutation rs721917, providing a strong rationale
to pinpoint SP-D as the underlying mediator. However, numerous other genes lie
within ~200 kb of the SFTPD gene that encodes SP-D, among these TMEMZ5A
encoding a transmembrane protein, the antisense RNA gene NUTMZ2B-AS1, and
the mannose-binding lectin pseudogene, MBL 1P, As the functionality of some
GWAS-identified regions has been shown to act over regulatory regions that span
over megabase distances [25], additional assessment of genes within the region
of the SP-D locus may be needed to establish whether or not SF7PD is the lone
gene underlying this genomic signal. That said, we agree with the authors that
there is reasonable evidence to surmise SP-D might be the primary and possibly
sole gene underlying the identified genomic signal at this locus.

Mendelian randomization analysis: strengths, limitations and extensions

The core strength of the Mendelian randomization approach is that, applied correctly, it has
the ability to inform on the causal nature of the relationship of the identified biomarker, in
our case SP-D, and the disease outcome of interest, or COPD in this case. However, as noted
above, there are multiple key assumptions necessary to make valid inference regarding
causality based on the results of this Mendelian randomization study, and it remains
somewhat unclear whether or not these assumptions held true for the current study. In
addition, while the direction of effect provided by the reported Mendelian randomization
analysis is informative in conceptualizing the general relationship between SP-D levels and
risk of COPD, the corresponding effect estimates obtained by Mendelian randomization
analysis likely do not generalize to the increased risk of COPD that may correspond to
decreased levels of measured SP-D at the population level. Therefore, a successful
Mendelian randomization study is merely the beginning, and in the future we would like to
see (1) population-level longitudinal studies used to confirm the prognostic value of SP-D as
a biomarker for COPD, and (2) randomized controlled clinical trials to assess the value of
increasing SP-D for prevention of COPD.

Given the promising results obtained by the current Mendelian randomization study of SP-D
for COPD, this study can also be viewed as proof of concept for characterization of other
candidate biomarkers for COPD. The growing availability of biomarker studies for COPD
present a good resource for future Mendelian randomization studies that could be used to
assess the causal nature of those biomarkers in COPD. In addition, existing and forthcoming
‘omics studies provide the opportunity to apply the Mendelian randomization approach in a
high-throughput manner. The methodologies for high-throughput extension of Mendelian
randomization-type approaches are quickly gaining traction in the genetic community [26,
27] providing systematic frameworks for integration of genomic and transcriptomic data
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sets. In the coming years, we expect it will become feasible and fruitful to leverage these
new statistical methodologies, combined with growing genomic data sets for COPD and
related traits, as well as lung-specific ‘omics studies to identify novel causal biomarkers for
COPD, leading to novel therapeutic targets for treatment of COPD.
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therapeutic targets for COPD.

Take home message

Genetic studies are a useful tool for identification of novel causal biomarkers and
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