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Transcriptome-based Signatures: The Future Biomarkers in
Obstructive Pulmonary Diseases Such as Asthma and Chronic
Obstructive Pulmonary Disease?

In recent years, an increasing number of studies have applied whole-
transcriptome profiling to identify causal biological pathways and
clinically relevant biomarkers. It has recently been shown that gene
expression profiles from bronchial brushings can predict lung
function decline. Becker and colleagues examined 134 ever-smokers
with and without chronic obstructive pulmonary disease (COPD) who
had been followed up with longitudinal lung functionmeasurements
for a mean period of 6.38 years. They identified a gene expression
signature associated with lung function decline. Genes elevated in
individuals with more rapid decline were enriched for genes modulated
by the transcription factor XBP1 (X-box–binding protein 1) (1).
Although the era of “big data” holds promise to advance the
application of precisionmedicine in pulmonary diseases, the challenge
that remains is how best to leverage these massive amounts of data for
this purpose and obtain samples that can be collected in day-to-day
clinical practice. In this issue of the Journal, Moll and colleagues (pp.
161–170) take advantage of the large sample size of the COPDGene
(Genetic Epidemiology of COPD) study to develop a blood
transcriptional risk score associated with susceptibility to develop
COPD and with lung function decline (2). The predictive value of the
blood transcriptional risk score for future lung function decline was
independent of clinical predictors such as age, sex, smoking habits,
and baseline level of FEV1. The effect was quite substantial as for
every SD increase in the transcriptional risk score, FEV1 decreased by
8–17 ml, adding up to a clinically relevant loss of 40–170 ml over a
5- to 10-year period. The blood transcriptional risk score was
developed in a mixed population varying from (ex-)smokers with
normal lung function to those with quite severe COPD.

Although not formally investigated, the fact that the risk score
predicts FEV1 decline independent of baseline level of lung function
suggests that it may also be able to detect early COPD before the
development of established disease. The latter is important, as most
patients in whomCOPD is diagnosed have airflow obstruction that is
already quite severe, whereas SPIROMICS (Subpopulations and
Intermediate OutcomeMeasures in COPD Study) has shown that
many patients already experience the first symptoms before the
development of airflow obstruction (3, 4). Identification of those
subjects particularly at risk in an early phase may open avenues for
intervention via the identification of so-called treatable traits (5).

Examples of treatable traits could be, among others, continued smoking
or other exposures. In addition, elevated eosinophil levels in blood or
sputum or increased expression of T-helper cell type 2 (Th2)-related
genesmay identify those subjects in whom accelerated FEV1 decline
could be prevented by (inhaled) corticosteroid treatment. In addition,
future studies may identify other gene signatures reflecting biologically
relevant pathways amenable for therapeutic intervention with currently
available drugs, such as IL-33, IL1RL1 (IL-1 receptor–like 1), IL-17,
IL-13, IL-4, and IL-13. It has previously been shown that patients with
COPD exhibit an increased expression level of genes associated with
Th2 inflammation in the lower airways (bronchial biopsies) compared
with control subjects without COPDmatched for age and smoking (6).
Interestingly, higher activity of a Th2 gene expression signature was
found to be associated with eosinophilic inflammation and predicted
favorable response to inhaled corticosteroids. In contrast, a higher level
of IL-17–associated genes in the lower airways of patients with COPD
was associated with neutrophilic inflammation and blunted
corticosteroid responsiveness (7).

Several studies have previously identified gene expression
signatures associatedwithCOPD, treatment response, and lung
function decline (1, 8–10). These studies used bronchial epithelial
brushes, biopsies, or lung tissue, whereas the study byMoll and
colleagues used peripheral blood, which is easily accessible and relatively
noninvasive. The latter is of crucial importance for effective use in daily
clinical practice. Apart fromperipheral blood, there are other promising
sites for noninvasive biomarker development in airways diseases. One
example is nasal epithelium, which can be easily sampled using a soft
cytobrush. The nasal epithelial gene expression profile has been shown
to distinguish effectively between patients with COPD and control
subjects without COPD,withCOPD-associated gene expression
changes in the nose reflecting those occurring in the lower airways (11).
Faiz and colleagues recently showed a nasal epithelial gene expression
profile to be associatedwith hyperinflation as reflected by residual
volume/TLC% predicted and found this signature to be increased in
COPD, in epitheliumderived from the upper airways and of the lower
large and small airways, indicating a common signature associatedwith
hyperinflation throughout the respiratory tract (12, 13). Future studies
are nowneeded to evaluate if, and towhat extent, the nasal epithelium
gene expression profile could serve as a biomarker for COPDand
COPD-associated traits andwhether it could add information
complementary to the blood transcriptional risk score. Furthermore,
Ditz and colleagues identified a gene expression signature in induced
sputum, also readily accessible, that couldmore effectively predict the
risk of having an exacerbation upon steroidwithdrawal in COPD
comparedwith sputum eosinophils (14). Future studies investigating
molecular gene signatures in relation to clinically relevant traits
associatedwithCOPDmay lead to the identification of new biomarkers.
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Next to a possible biomarker function, another advantage of
gene expression signatures in blood, sputum, nasal brushes, or
samples from lower airways or lung parenchyma is that they also
provide insights in pathobiological mechanisms associated with
COPD and COPD-associated traits, which could potentially lead to
discovery of novel treatment targets. In the case of the study byMoll
and colleagues, blood transcriptional risk score genes were enriched
for pathways related to PPAR-a (peroxisome proliferator-activated
receptor a) signaling and B-cell activation, which are possibly
involved in COPD susceptibility and lung function decline.

In conclusion, gene expression profiling is a promising tool for the
development of clinically relevant biomarkers in lung diseases like COPD
and can reveal novel treatment targets leading to to improved
personalized treatment of the disease. The data published byMoll and
colleagues in this issue of the Journal provide an excellent example of a
clinically relevant biomarker that can be easily and noninvasively
assessed.�
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Repurposing Propofol as a Prognostic Probe for Return of
Consciousness

There is a growing realization that behavioral and neurophysiologic
responses to general anesthesia can provide useful information

regarding underlying brain health. For example, in response to
concentrations of propofol or ether-derived inhaled anesthetic agents
(e.g., sevoflurane and isoflurane) associated with loss of
consciousness, people with healthy brains often have prominent
anterior electroencephalographic a and u spindles, which exhibit
phase–amplitude coupling with slow d waves (1). In contrast, surgical
patients with preexisting cognitive impairment often fail to develop
these typical, prominent anterior electroencephalographic spindles in
response to propofol or inhaled general anesthetics (2). Furthermore,
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