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Chronic obstructive pulmonary disease (COPD) represents a major cause of chronic morbidity and
mortality, affecting more than 200 million people worldwide and leading to approximately 3 million
deaths each year. COPD is mainly caused by cigarette smoking and is characterised by a chronic
inflammation leading to obstruction of the small airways and destruction of lung parenchyma
(emphysema). Therapies that slow down the accelerated decline in lung function in patients with COPD
are still lacking. Therefore, it is essential to unravel the mechanistic processes that underlie the
inflammatory reaction and subsequent structural changes in COPD [1].

Aberrant cross-talk between epithelial and mesenchymal cells has been associated with inflammatory and
remodelling processes in COPD. Oskr et al. [2] previously demonstrated that airway epithelial cells (AECs)
from COPD patients release more interleukin (IL)-lo. upon in vitro exposure to cigarette smoke extract.
Moreover, using an elegant co-culture model, they demonstrated that this epithelial-derived IL-1o induced
a pro-inflammatory lung fibroblast phenotype, releasing high amounts of the neutrophil attracting
chemokine IL-8 [2]. Interestingly, we and others have reported increased levels of IL-1a in the lungs of
patients with COPD and have shown in in vivo cigarette smoke models that neutrophilic inflammation is
strongly dependent on IL-1a. [3, 4].

In the current issue of the European Respiratory Journal, Oskl et al. [5] demonstrate that the dysfunctional
cross-talk between AECs and fibroblasts in COPD is due to the impaired ability of COPD fibroblasts to
upregulate microRNA-146a-5p. MicroRNAs (miRNAs) are endogenous, small noncoding RNAs with a
regulatory function on gene expression. They bind in a sequence-specific manner to sites with imperfect
complementarity in target messenger RNAs (mRNAs), leading to direct inhibition of protein translation
or degradation of the transcript. In this way, miRNAs can interact with hundreds of genes simultaneously
and regulate several developmental and physiological processes, including cellular proliferation,
differentiation, apoptosis and innate and adaptive immune responses [6].

miR-146a-5p has frequently emerged as a regulator of inflammation [7]. Upon activation of several
inflammatory pathways, such as Toll-like receptor (TLR) or IL-1R signalling, miR-146a-5p is induced in a
nuclear factor (NF)-kB-dependent manner [8]. By targeting key molecules downstream of TLR and IL-1R
pathways like tumour necrosis factor receptor-associated factor-6 and IL-1 receptor-associated kinase
(IRAK)-1, it functions as a negative feedback regulator, limiting the intensity and duration of the
inflammatory response [9]. In their co-cultures of airway epithelial cells and primary lung fibroblasts, OsEr
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et al. [5] demonstrated that epithelial-derived IL-lo. induces miR-146a-5p expression in fibroblasts.
Importantly, this increase of miR-146a-5p was impaired in fibroblasts from patients with COPD, which
releases the brake on the IL-1R/NF-xB pathway and is likely to contribute to the abnormal inflammation in
COPD. Interestingly, treating fibroblasts with an miR-146a-5p mimic downregulated the expression of
IRAK-1, resulting in a reduced release of IL-8 and confirming the anti-inflammatory role of miR-146a-5p
[5]. It is worth noting that the inability of COPD fibroblasts to upregulate miR-146a-5p not only leads to an
impaired negative feedback regulation of NF-kB signalling, but also results in a reduced mRNA degradation
and thus prolonged half-life of cyclooxygenase (COX)-2, another target of miR-146a-5p [10]. COX-2 is a
key enzyme in biosynthesis of prostaglandin E,, a promoter of neutrophil recruitment and an inhibitor of
the repair function of fibroblasts.

In an attempt to find the mechanism explaining the inability of COPD lung fibroblasts to upregulate
miR-146a-5p, Oskl et al. [5] assessed the presence of the single nucleotide polymorphism (SNP) rs2910164 in
their primary lung fibroblasts. This common G>C SNP in pre-miR-146a-5p has been associated with
decreased expression of the mature miR-146a-5p [11]. Unexpectedly, in the present study, a lower
miR-146a-5p expression was observed in fibroblasts from donors homozygous for the G allele of SNP
rs2910164, which were all but one COPD patient [5]. A validation study in a large independent cohort will be
needed to verify these results. Moreover, despite the strong association of this SNP with the presence of
COPD, no such association was found in any of the large genome-wide association studies of lung-function
parameters of airflow obstruction (i.e. forced expiratory volume in 1 s or its ratio to forced vital capacity) [12].

Since miRNAs are key regulators of the human transcriptome and are differentially expressed in nearly
every disease, there is an enormous therapeutic potential in both miRNA inhibitors and mimics. In recent
years, several miRNA therapeutics have gone into preclinical development and have been used in clinical
trials [13]. To date, the most clinically advanced miRNA therapy is miravirsen, a locked nucleic acid
modified miR-122 inhibitor used for the treatment of hepatitis C virus (HVC) infections [14]. miR-122 is a
liver-specific miRNA and is required for the propagation of HCV. Phase II clinical trials with miravirsen
reported a significant, dose-dependent decrease in HCV, which sustained long after the administration [14],
demonstrating the effectiveness of miRNA therapy in humans.

Whether or not miRNA-based therapeutics will ever be used for the treatment of such a complex and
heterogeneous disease as COPD depends on the hurdles that still lie ahead. First, we need a clear picture
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FIGURE 1 Biological functions of microRNAs (miRNAs) implicated in the pathogenesis of chronic obstructive
pulmonary disease (COPD). Simplified scheme of miRNAs that have been implicated, by in vitro or in vivo
functional studies, in several hallmarks of COPD, including chronic inflammation, airway remodelling and
emphysema. This illustration highlights the possible contribution of miR-146a [5, 10], miR-218 [20], let-7c
[18], miR-135b [21], miR-15b [15], miR-101 [22], miR-452 [17] and miR-638 [23] to the pathogenesis of COPD.
COX: cyclooxygenase; IRAK: interleukin-1 receptor-associated kinase; TNFR: tumour necrosis factor receptor;
IL: interleukin; MPK: mitogen-activated protein kinase; MMP: matrix metalloproteinase.

https://doi.org/10.1183/13993003.00431-2017 2



COPD | K.R. BRACKE AND P. MESTDAGH

of the candidate miRNAs. In the last decade, several miRNA profiling studies have been published,
yielding lists of miRNAs that are differentially expressed between control subjects and smokers with or
without COPD [15-17]. Unfortunately, large discrepancies exist between the different studies. These can
be due to differences in sample material, ranging from whole lung tissue to epithelial brushings and
induced sputum. We were the first to show a significant differential expression of miRNAs in the induced
sputum of patients with COPD and current smokers compared with never-smokers, including
downregulation of miR-146a-5p [18]. Next to sample material, the characteristics of the study population
(including chronic bronchitis versus emphysematous phenotype, COPD severity, smoking history, age, sex)
may also substantially influence the outcome. And finally, the different platforms used for miRNA
profiling, ranging from microarrays to RT-qPCR and, the current gold standard, small RNA sequencing,
do not always deliver the same results [19].

Once differentially expressed miRNAs have been identified, the next step is to validate the biological
significance of these findings. In vitro and in vivo functional studies have already implicated several
miRNAs in the pathogenesis of COPD (figure 1) [24, 25]. Recently, using in vivo perturbation experiments
and gene set-enrichment analysis, we were able to demonstrate a protective role of miR-218-5p in cigarette
smoke-induced inflammatory responses and COPD [20]. Importantly, miR-218-5p is significantly
down-regulated in bronchial epithelium of patients with COPD [20]. Translation of these in vitro and
animal studies to humans will require substantial validation and mechanistic studies, with an important
focus on the dosing of miRNA therapy. Many of the functional studies, including the current study by
Oskr et al. [5], use doses of miRNA inhibitors or mimics that are beyond physiological relevance.
Additionally, it seems likely that miRNA-based therapy for a complex disease like COPD, encompassing
several immunological pathways and cell types, will have to be directed at multiple miRNAs. Moreover, the
interplay between different miRNAs, which may share several targets, should be taken into account.

Another hurdle is the delivery of the miRNA inhibitors or mimics. Targeting of miRNA-based therapeutics
to a particular tissue or specific cell type is a challenging area of research [26]. It seems obvious that, for
example, targeting the airway epithelium is more feasible than the underlying fibroblasts. Therefore, the
route of administration (local versus systemic) as well as the delivery method (from viral or lipid vectors to
nanoparticle and polymer systems) should be considered carefully. Importantly, nonspecific targeting of
miRNA therapeutics may lead to toxicity. Indeed, while the ability of miRNAs to target multiple mRNAs
and pathways is key to their enormous therapeutic potential, it may also be a limitation, giving rise to
unwanted effects in other cell types.

Taken together, profiling studies have yielded several miRNAs that are dysregulated in COPD. The need
for functional studies like the current work by Oser et al. [5] is great, for demonstration of the biological
relevance of these candidate miRNAs. Ideally, to establish miRNAs as promising therapeutic targets in
COPD, in vivo studies should be performed, taking into account physiologically relevant dosing and
targeted delivery to the desired lung compartment or cell type.
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