MOLECULAR MARKERS OF EARLY STAGE COPD IN SERUM, SPUTUM, AND NASAL EPITHELIUM FROM A CASE-CONTROL STUDY
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Introduction

Nasal Transcriptomics

This work was funded by Philip Morris International

Serum Lipidomics

COPD is a multicomponent disease of emphysema, chronic bronchitis, and small airway obstruction mainly caused by
long-term exposure to tobacco smoking. COPD takes an average 20-25 years to develop, and while its key pathological
stages are relatively well described, its onset is as of yet poorly characterized. In addition, its considerable heterogeneity
has hampered the identification of biomarkers that could be leveraged in diagnosis, patient stratification, treatment or risk
prediction of disease development.
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Study Description

We conducted a non-interventional, observational case-control design study in the United Kingdom, approved by a UK Na-
tional Health Service (NHS) Ethics Committee (The Black County Ethics Committee) and in compliance with Good Clinical
Practice guidelines. The study has been registered on ClinicalTrials.gov with identifier NCT01780298.
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Nasal epithelium for microarray analysis was collected from all
study participants using a Rhinoprobe® plastic curette during clini-
cal visits 2 and 4. RNA was extracted, processed and hybridized to
Affymetrix Human Genome U133 Plus 2.0 Arrays by AROS Applied
Biotechnology A/S (Aarhus, Denmark). Following QC, microarray
data from 188 samples were available for analysis by quantitative,
mechanism-based biological network algorithms as previously de-
scribed [1] (Martin et al. 2014).
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Induced sputum was collected from all study participants by inhalation of hypertonic saline solution at visit. Sputum samples
were placed directly on ice and processed within 2 hours. Sputum plugs were selected and solubilized in dithiothreitol (DTT),
and the cell pellet was collected by centrifugation for cytometry evaluation, while the supernatant was collected for subse-
quent proteomic analysis. Non-targeted proteomics was performed by LC-MS/MS employing isobaric tags using Tandem
Mass Tag ™ 6-plex (TMTsixplex™) Reagents (Thermo Scientific). Spectrometric data were compared against the human ref-
erence proteome, and Proteome Discoverer™ software was employed for peptide-to-protein assignment. Peptide-level data
were then further analyzed in the R statistical environment. Each TMT™ reporter ion set was normalized to its median, and
protein expression values were calculated as the median of these normalized peptide-level quantitation values [2] (Herbrich
et al, 2012). Only proteins quantified for at least 2/3 of the samples of each study group were considered.

For blood-based biomarker analysis, blood was collected in 8.5 mL serum-separating tubes (SST) during visit 2, allowed to
clot at room temperature for 30 min and centrifuged. Serum samples were aliquotted at stored at -80°C until further use.
Analyses of lipid species were performed in serum samples from a subset of study subjects including 40 never-smokers, 40
former smokers, 40 smokers, and 40 COPD smokers by Zora Biosciences Oy (Espoo, Finland) using MS-based methodolo-
gies. Mixed linear models were employed to identify significant differences in serum levels of individual lipid species between
study groups. Study subjects’ age, BMI, alcohol intake and intake of lipid-modifying drugs (e.g. statins) were taken into con-
sideration as a potential confounders and/or covariates.

Biological network analysis indicates that cigarette smoking significantly impacts cell stress, cell fate and inflammatory pro-
cesses (CS vs NS). While most of the affected mechanisms are less impacted in former smokers, perturbations persist in
processes related to DNA damage (FS vs NS).
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Sputum Proteomics
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Cigarette smoking affects a number of lipid molecules including eicosanoids, ceramides and sphingomyelins, and some of
these effects are irreversible upon smoking cessation. For example, 11,12-DHET and 14,15-DHET serum levels differ sig-
nificantly between smokers and never-smokers, and smokers and former smokers, but not between former smokers and
never-smokers. In contrast, 9-HODE serum levels are significantly different in smokers compared to never-smokers, while
there are no significant differences in 9-HODE serum levels when comparing smokers with former smokers.
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The majority of lipid molecules examined are decreased in COPD patients compared to asymptomatic smokers suggest-
ing that COPD-specific mechanisms exert specific effects on the serum lipid profile. For example, compared to smokers,
COPD patients had significantly lower levels of serum sphingolipids SM(d18:0/16:0), SM(d18:1/18:0), SM(d18:1/24:0),
and SM(d18:1/24:1), and phospholipids PC(16:0/18:2), PC(16:0/22:6), and PC(18:0/22:6).
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Conclusions and Perspective

On the transcriptomic level, biological network analysis demonstrates the impact of cigarette smoking on several cellular
processes incl. cell stress cell fate and inflammation which is at least partially reversible upon smoking cessation. Early
stage disease development appears to further affect these processes.

Proteomics analysis shows that the abundance of sputum proteins linked to cellular stress responses and the protease-
antiprotease balance is altered by cigarette smoking and that these alterations are “restored” upon smoking cessation,
while they appear to be further aggravated by the development of early COPD.

Cigarette smoking also increases the serum levels of several bioactive, inflammatory lipids which are only partially restored
when exposure ceases.

The affected RNA, protein and/or lipid molecules could be further explored as biomarkers with utility in product assessment
studies.

Specific molecular changes observed in patients with early stages of disease could be further examined with respect to
their potential to indicate disease risk.
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