New players in chronic lung disease identified at the European
Respiratory Society International Congress in Paris 2018: from
microRNAs to extracellular vesicles
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Introduction

Since the first description of microRNAs (miRNAs) in
1993 (1) a large and growing number of studies has explored
their roles across a variety of biomedical research disciplines,
including lung biology. According to GENCODE
(version 27) (2), 1881 of the >7,500 human small non-
coding RNAs are miRNAs. These 20-25 nucleotide-long,
regulatory RNAs are involved in the translational regulation
of gene expression principally via binding to miRNA
recognition elements largely in the 3' untranslated regions
of target mRNAs. Upon binding they can induce mRNA
degradation, deadenylation or inhibition of their translation,
leading to decreased target gene expression (3). Originally
described to play important roles in developmental biology,
miRNAs have since been found to have significant roles
in a multitude of biological processes. Expression levels
of miRNAs vary greatly between cells and tissues, and
aberrant levels of miRNA are associated with many diseases
in humans. In fact, these non-coding RNA molecules are
now recognized as major regulators in the development
and progression of various chronic lung diseases, including
cystic fibrosis (CF), idiopathic pulmonary fibrosis (IPF),
chronic obstructive pulmonary disease (COPD) and
asthma (4-9).
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The role of non-coding RNAs in lung disease

IPF is a progressive lung disease most commonly diagnosed
in older adults and characterized by interstitial lung tissue
remodeling and rapid respiratory decline. This aging-
associated disease has an unknown aetiology, however
genetic polymorphisms and several occupational risk
factors such as cigarette smoke, farming and pollutants
have been strongly associated with IPF (10). Although,
the pathogenesis of IPF is not fully understood, epithelial
cell injury, fibroblast activation and extracellular matrix
remodeling have been identified as key hallmarks of this
disease for which limited therapeutic options exist (11).
While the in-depth mechanisms linking IPF to aging
have not been fully elucidated, the disease is characterized
by various aging-associated abnormalities; for example,
mitochondrial dysfunction and telomere shortening. One
abstract presented at the Congress in Paris investigated
miRNA expression, focusing in particular on those with an
anti-fibrotic role, in a mouse model of accelerated aging (12).
The human gene Zmpste24 encodes a metallopeptidase
that normally processes nuclear lamin A; and its absence has
been shown to accelerate aging. Thus, Zmpste24-deficient
mice represent a useful model to delineate aging-associated
mechanisms contributing to the development of lung
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fibrosis. Following bleomycin-induced lung injury aged
Zmpste24-deficient mice showed less lung inflammation and
attenuated lung fibrosis at 3 weeks compared with wild type
(WT) counterparts of the same age. These characteristics
occurred in parallel to increased lung expression of several
anti-fibrotic miRNAs including miR-23a, miR-27a,
miR-29a and miR-29b-1. Several targets of these miRNAs,
including collagens, were reciprocally decreased. These
results suggest that in the absence of Zmpste24, aged mice
are protected from the development of bleomycin-induced
lung fibrosis by the upregulation of anti-fibrotic miRNAs.

Another disease widely discussed at the Congress is
COPD, which is currently the fourth leading cause of death
in the world. The disease is characterized by a persistent
airflow limitation that is usually progressive and associated
with an enhanced chronic inflammatory response of the
airways and lungs to noxious particles or gases, e.g., cigarette
smoke (CS) (13). The main cause of COPD in Europe and
the USA is cigarette smoking or exposure to second-hand
smoke/passive smoke exposure. Several studies have focused
on determining how miRNAs play a role in cigarette smoke-
induced inflammation (7,14). miR-155, for example, is a
miRNA increased in the lungs of CS-exposed mice, which
is also elevated in the lungs of smokers with and without
COPD. miR-155 has known roles in inflammation (15).
Now, the authors of an abstract at the European Respiratory
Society (ERS) Congress examined the role of miR-155 in
inflammation in miR-155 knock out (KO) mice exposed
to CS (16). Compared to WT C57BL/6] mice exposed
to CS for a 4-week period, miR-155 KO mice had lower
neutrophil, dendritic cell, innate lymphoid cell and CD4+
and CD8+ T lymphocyte counts in broncho-alveolar lavage
(BAL) fluid. Furthermore, intrapulmonary Thl, Th2 and
Th17 subsets, which were increased by CS exposure in WT
mice, were reduced in the miR-155 KO mice. CS-induced
increase in CXCL1, CXCL2, CCL2, TL-6, IL-1p and TNF
was also attenuated in miR-155 KO versus WT mice. Taken
together these results demonstrate an important role for
miR-155 in CS-induced inflammation.

In addition to small non-coding RNAs such as miRNAs,
there are various classes of human long non-coding
RNAs (IncRNA) numbering in excess of 15,500 different
transcripts (17). Circular RNAs (circRNAs) are an abundant
subset of IncRNAs that have not been studied in detail
however, their roles can include miRNA sponging [by acting
as competing endogenous RNA (ceRNA)], transcriptional
regulation and sequestration of ribonucleoproteins.
Regarding the lung, very few studies focusing on circRNA
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have been performed so far. One abstract in Paris
reported the effect of cigarette smoke extract (CSE) on
the expression of circRNA in the distal lung (18). Primary
human alveolar epithelial cells were exposed to CSE for
24 hours and the expression profiles of 10,738 circRNA
were analysed by microarray. Whilst negatively affecting the
overall length and quality of the circRNAs, CSE stimulation
also upregulated 65 circRNAs and downregulated 100 by
more than two-fold. Bioinformatics analysis suggested
that the circRNAs could influence expression of many
genes including those involved in response to histidine
metabolism, DNA replication, and glutathione metabolism
pathways, by interacting with the corresponding miRINAs.

Extracellular vesicles mediate cellular
communication in chronic lung diseases

While miRNAs and other non-coding RNAs are produced
locally in certain cell types, it is now well established that
they can be secreted from parent cells in extracellular
vesicles (EV) enabling a functional transfer to other
cells and tissues as means of short- and long range inter-
cellular communication (19). EVs are a heterogeneous
group of lipid vesicles with a typical diameter ranging
30 nm up to 1 pm including exosomes (60-120 nm vesicles
with an endosomal origin) as well as larger micro-vesicles
(150 nm-1 pm). These small vesicles are actively secreted
by cells and their cargo includes lipids, proteins as well
as nucleic acids, such as DNA, RNA and miRNA (20).
Initially described in cancer, a growing body of literature
demonstrated alterations of EVs and their cargo in lung
disease (21). Although roles of EVs have just begun to
unravel, miRNA have emerged as a key cargo mediating
functional effects of EVs on recipient cells in diseases,
such as asthma or lung cancer (21-23). Along this line, the
authors of an abstract presented at the ERS Congress 2018,
investigated the potential of EVs secreted into the airway
lumen to act as miRNA transporter (24). The authors
focused on alveolar macrophages, the most abundant
immune cell in the lung with phagocytic properties, as the
EV target cell. Using a small RNA-sequencing technique,
they profiled the miRNA content of EVs from asthmatic
or cancerous patients and compared miRNA expression of
patient-derived macrophages exposed or not to EVs isolated
from patients with chronic lung diseases. Macrophages took
up miRNA containing EVs leading to cellular transcriptome
modifications. Of note, exosomal miRNA further affected
macrophage functions such as chemoattraction. This study
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provides a proof of concept that EVs isolated within the
airway lumen can target macrophages and impact their
cellular function. This study represents a first step towards
our understanding of the complexity of EV origin and
destination in the lung. Future investigations examining the
cargo of EVs derived from different cell types, as well as
their potentially distinct recipient cells will further advance
our knowledge on these emerging extracellular mediators.

One possible application of EV-enclosed miRNA profiles
is the development of biomarker signatures for pulmonary
diseases, such as IPF. Currently, classical methods to
investigate IPF rely on the use of patient-derived samples
collected using invasive methods (biopsies or BAL fluid),
thus the discovery of non-invasive biomarkers is very
appealing. Along this line, induced sputum of patients
with IPF has already been reported as a complementary
method to BAL fluid (25). In one of the ERS abstracts, the
authors profiled miRNAs from EVs isolated from sputum
of patients with IPF (26). Interestingly, using miRNA
arrays and qPCR, the authors observed that 21 miRNAs
are specifically dysregulated in EVs isolated from sputum
of IPF patients compared with healthy donor EVs. While
these data are encouraging, it has to be noted that they
have been obtained from a limited number of patients (10
IPF and 10 control) and need to be confirmed using larger
cohorts in future studies.

Next to their use as potential biomarkers, EVs might also
be involved in molecular mechanisms underpinning IPF
pathogenesis. As discussed above EVs can carry proteins
that can initiate receptor-mediated cellular functions on the
recipient cell. Recent studies indicate that these proteins can
include hydrophobic and normally short-range Wingless/
integrase-1 (Wnt) signaling proteins. The Wnt signaling
pathway consists of secreted glycoproteins that interact
with several transmembrane receptors and co-receptors on
their target cells to initiate an intracellular response (27).
In addition to extracellular transporters and intracellular
transmission, EVs may play an important role allowing
transport of Wnt signaling proteins resulting in a long-
distance movement of these lipid-modified proteins with
strong membrane affinity signaling molecules (28-30).

The type of EVs that are released and the content of their
cargo may depend on the type of stimuli and the severity
of the disease (31). The presence of EVs in BAL fluid
was first discovered by Admyre et 4/. in 2003 (32). At this
year’s ERS Congress, one abstract presented a pre-clinical
study investigating the protein cargo in EVs derived from
BAL fluid of bleomycin-treated mice using an unbiased
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proteomic based approach (33). The authors reported an
increase in EV number and protein in BAL from fibrotic
mouse lungs compared to controls. Several proteins were
identified in BAL-derived EVs such as chitinase-like protein
3 precursor (Chil3) or collagen proteins. The function of
the BAL-derived EVs was further evaluated in vitro by using
a murine 3D tissue culture system and alveolar epithelial
cells. In vitro, EVs induced metabolic activity in lung tissue
together with transcriptomic changes in epithelial cells and
altered Wnt signaling. Of note, impaired Wnt signaling
was initially identified in IPF and has been demonstrated
to be aberrantly active both in human and experimental
pulmonary fibrosis (34,35).

Another EV-related Congress highlight abstract
investigated acute lung injury (ALI), which is a severe lung
disorder characterized by an acute inflammation following
beyond others for example a bacterial infection by i.e.,
Streptococcus pneumoniae (36). Streptococcus pneumoniae
is one of the major causes of bacterial pneumonia and
pneumolysin (PLY) has been demonstrated to be its
major virulence factor. PLY is thought to disrupt the lung
epithelial and endothelial barriers, leading to permeability
edema and activation of the immune system. It activates the
immune system by activating epithelial cells which leads
to an induction of danger-associated molecular patterns
(DAMP) release (37). One of the presented abstracts aimed
to investigate if PLY can induce epithelial cells to release
mitochondria enclosed in microvesicles (MVs) (38). In
order to do this, human alveolar epithelial cells (A549)
and human lung tissue were treated with live Streptococcus
pneumonia or PLY. MVs were isolated from the conditioned
medium through differential centrifugation. Exposure of
live Streptococcus pnenmonia to A549 or human lung tissue
resulted in an increase of extracellular release of Annexin
V/EPCAM positive MVs compared to the control.
Furthermore, Annexin V/EPCAM positive M Vs released
from Streptococcus pneumonia exposed A549 cells also stained
positively for Mito-tracker. The presence of mitochondrial
content was further confirmed by Tom20 (mitochondrial
protein) expression of the released MVs. This study
concludes that PLY triggers the epithelial cells to release
MVs containing mitochondria, which in turn may act as
mitochondrial DAMPs (mtDAMPs). Accumulating evidence
indicates that mtDAMPs can activate the innate immune
response, inducing a pro-inflammatory immune response,
and has been associated with dysregulated processes in
human diseases (39). This study gives important insight
in the potential of EVs to transport mitochondrial cargo,
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which might contribute to activation of the immune system
and should be further investigated.

Conclusions

Collectively, the studies presented at the Annual Congress
of the ERS in Paris 2018 provide new insights into the
expression and function of non-coding RNAs in IPF
and COPD, and shed new light on their inter-cellular
transport via EVs. Novel data presented at the Congress
also suggest that EVs might be functionally implicated
in other pulmonary pathologies; i.e., by influencing Wnt
signaling in IPF or by transferring mtDAMPs and virulence
factors in ALIL Finally, these newly identified regulators and
processes might play an essential role in the development
of respiratory diseases and/or represent clinical biomarkers,

both highlighting the need for further studies in this field.
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