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Societal relevance
Chronic obstructive pulmonary disease (COPD) is a lung disease characterized
by irreversible airflow limitation in the lungs, and is currently the third leading
cause of death in the world (1). Currently, there are almost 600.000 COPD
patients in the Netherlands alone (2), and over 250 million patients
worldwide (3). Although COPD is primarily a lung disease, patients often suffer
from skeletal muscle dysfunction of which the two major underlying
impairments include muscle wasting and the loss of mitochondrial quantity.
These impairments may also contribute to the development of co-morbidities
such as diabetes or cardiovascular disease (4). Extrapulmonary impairments and
comorbidities contribute to an increased mortality, decreased quality of life,
and increased healthcare costs (4-6). Prevention or reversion of skeletal muscle
impairments can therefore contribute to increasing quality of life and decreasing COPD-related healthcare costs.
The loss of skeletal muscle mitochondrial quantity in COPD patients suggests
that these patients have an altered balance between mitochondrial biogenesis
and mitochondrial clearance. The role of impaired mitochondrial biogenesis
regulation has been reported in several previous studies (7-9), but mitochondrial
clearance has hardly been studied in muscle of COPD patients to date. Therefore,
research aimed to unravel the role of skeletal muscle mitochondrial clearance
is essential to understand the development of mitochondrial impairments in
skeletal muscle of these patients (10).

V

In this thesis, we studied the regulation of mitochondrial clearance in
skeletal muscle of COPD patients. Moreover, we applied in vivo and in vitro
experimental models to study the effect of several isolated COPD-related
factors that may affect skeletal muscle oxidative capacity (11, 12). Our results
show that molecular signalling indicative of mitochondrial clearance is present in
skeletal muscle of COPD patients who suffer from loss of muscle oxidative
capacity. Moreover, systemic inflammation, muscle disuse, recovery of muscle
disuse, and iron deficiency can individually contribute to the molecular
regulation and dysregulation of skeletal muscle mitochondrial clearance. As
other chronic diseases (e.g. congestive heart failure and type 2 diabetes) are also
characterised by at least some of these factors, and suffer from skeletal muscle
mitochondrial impairments, the work presented in this thesis may translate to
these diseases as well. Therefore, we identified mitochondrial clearance as a
potential therapeutic target in disorders characterized by loss of skeletal muscle
mitochondrial capacity. Furthermore, as prevention of mitochondrial
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dysfunction could be preferred over the inhibition of mitochondrial clearance
per se, we propose that lifestyle modifications, as well as nutritional or physical
interventions targeting the upstream effectors (such as systemic inflammation,
muscle disuse, or iron status) could prove beneficial as mitochondrial-clearance
limiting and mitochondrial content-preserving therapies for a broad range of
patients.

Non-scientific audience
As the presence of many of the above-mentioned factors, i.e. muscle disuse and
iron deficiency, can be prevented by a healthy lifestyle, it is essential that we
increase patients’ and healthcare professionals awareness of their benefits. For
example, skeletal muscle mitochondrial health greatly benefits from physical
activity and a healthy diet. Moreover, since loss of skeletal muscle oxidative
capacity already presents itself in mild-to-moderate COPD patients (9), the
prevention of loss of oxidative capacity should already start in subjects at high
risk for- or in an early stage of COPD.

Innovation
As stated above, several previous studies have reported changes in regulation of
mitochondrial biogenesis in skeletal muscle of patients with COPD, and similar
results were reported for patients with congestive heart failure and type 2
diabetes as well (7-9, 13, 14). Interestingly, our study investigating mitochondrial
clearance in skeletal muscle of COPD patients, is one of the first to report a
comprehensive set of protein and mRNA expression levels of markers for
mitochondrial breakdown and autophagy in combination with measurements
for markers of mitochondrial quantity (10, 15). Therefore, our current results
underline the importance to study mitochondrial homeostasis in a
comprehensive approach, targeting multiple mechanisms of mitochondrial
quantity regulation, even in the absence of changes in mitochondrial quantity.
The identification of mitochondria in extracellular vesicles secreted by skeletal
muscle, as described in chapter 7, is likely to have a high impact on our view
of skeletal muscle mitochondrial homeostasis. The metabolic phenotype of
skeletal muscle has been a popular research topic for many years, and has
been studied in relation to many different diseases. Our observation that
mitochondria can be secreted by skeletal muscle cells provides a novel paradigm
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in skeletal muscle cell plasticity research where regulation of mitochondrial
homeostasis is currently still regarded as a single-cell and intra-cellular
process (16).
Our data describing secretion of mitochondria-containing extracellular vesicles
from muscle cells, in combination with previous studies reporting that muscle
cells are able to secrete extracellular vesicles and non-muscular cells are able
to secrete mitochondria via extracellular vesicles (17-20), suggests that skeletal
muscle mitochondrial clearance is regulated at the inter-cellular level,
providing interesting new targets for future oxidative capacity preserving
therapies. Moreover, our work opens the door to a highly relevant research
question: “Are skeletal muscle cells able to reintegrate functioning mitochondria
from their extracellular environment?”. Although highly speculative, this line
of research could provide several important improvements to skeletal muscle
oxidative capacity boosting therapies. For example, it might be opportunistic
to explore possibilities to boost mitochondrial biogenesis and mitochondrialcontaining vesicle secretion in non-skeletal muscle cells, which could
subsequently be incorporated into skeletal muscle. In addition, it might
eventually be possible to generate a therapy in which patients are treated with
elsewhere created intact mitochondria-containing vesicles which are incorporated
into skeletal muscles, thus improving their oxidative capacity, contributing to
increased exercise capacity and quality of life.
Since the pathways of mitochondrial homeostasis are greatly preserved in
different tissues, it is likely that the fundamental knowledge concerning the
initiation of mitochondria-containing vesicular excretion could be applied to
other research disciplines as well. Especially studies on metabolic active tissues
(e.g. cardiac muscle, liver, or brain) might benefit from knowledge obtained in
the current thesis.

V

In conclusion, this thesis provides new insights in the etiology of chronic
disease-driven muscle mitochondrial impairments and the putative role of
mitophagy and mitochondrial clearance via vesicles secretion herein. These
insights do not directly lead to new treatments at this moment, but are
potentially important in generation of novel therapies aimed at muscle
mitochondrial impairments in COPD and other chronic diseases.
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