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Mitochondrial Respiration and Atherosclerosis
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Atherosclerosis is an underlying cause of various cardiovascular diseases including coronary
artery disease, chronic kidney disease, abdominal aortic aneurysm development, stroke and
heart failure.l: 2 This progressive vascular disease is characterized by subendothelial
lipoprotein retention, immune cell infiltration, a maladaptive inflammatory response and
vascular smooth muscle (VSMC)-mediated fibrous cap formation.! As atherosclerotic
lesions progress, cellular and tissue dysfunction give way to cell death and fibrous cap
thinning, leading to thrombotic events and plaque rupture.3

Mitochondrial function is a critical regulator of cellular homeostasis due to its role in ATP
production, ion transport, reactive oxygen species generation, and apoptotic signaling.*
Given the evidence for cellar dysfunction and the metabolic underpinning of atherosclerosis,
mitochondrial dysfunction is largely hypothesized to contribute to lesion development and
progression.® Indeed, recent work has pointed to a role for mitochondrial reactive oxygen
species (mitoROS) and mitochondrial DNA (mtDNA) damage in animal models of
atherosclerosis.® 7 In particular, mtDNA damage has been found to precede lesion
development, and genetic inhibition of mouse mitochondrial polymerase-y exonuclease
activity results in increased mtDNA damage, decreased respiratory function and augmented
lesion development and necrosis.8 In addition, human studies have shown a correlation
between mtDNA damage and lesion development/progression;8-10 however, the mechanism
through which mtDNA damage exacerbates lesion development has remained a mystery.
Specifically, mtDNA damage is correlated with mitochondrial respiration deficiencies, but
the role of mitochondrial respiration in plaque development and progression remains
unclear.

In this issue of Arteriosclerosis Thrombosis and Vascular Biology, Yu & Reinhold et al.11
delve into this topic. They show that human plaque samples exhibit reduced mtDNA copy
number and mitochondrial respiration which are associated with increased mitophagy in
plaque-derived VSMC samples. Further, aortic samples from ApoE~'~ mice fed a high-fat
diet for 14 weeks show mtDNA damage and decreased mitochondrial respiration, and
overexpression of the mtDNA helicase Twinkle, a regulator of mtDNA copy number and
maintenance, rescues this phenotype. In mouse-derived VSMCs, Twinkle overexpression
reduces mtDNA damage but does not affect mtDNA copy number. Conversely, macrophages
overexpressing Twinkle exhibit increased mtDNA copy humber without changes in mtDNA
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damage. In both cases, possibly through protection of, or increased mitochondrial-derived
electron transport chain subunit transcription and translation, Twinkle overexpression
enhances respiration. Twinkle-mediated increases in respiration promote thickening of the
fibrous cap and a decrease in necrotic core formation. Changes in necrosis were found to be
primarily regulated by macrophages, whereas increased VSMC proliferation and reduced
apoptosis contributed to fibrous cap thickening. Thus, Yu & Reinhold et al. provide a link,
using human and mouse samples, between mtDNA damage-induced mitochondrial
respiratory dysfunction and the progression of atherosclerosis and plaque instability. These
novel findings also raise new and interesting questions concerning the critical role of
mitochondria in atherosclerosis.

First, what is the role of mitoROS? There has been contentious debate in recent years
regarding the role of mitoROS in the development of atherosclerosis and whether it
contributes to, and/or is a consequence of, mitochondrial dysfunction. mitoROS has been
shown to promote mtDNA oxidative damage,2 and recent evidence indicates mitoROS
plays a significant role in lesion development.”: 13 However, mtDNA damage has also been
shown to promote atherosclerosis independent of mitoROS.8 In the current study, Twinkle
overexpression in mice had no effect on high-fat diet induced mitoROS production. It could
be hypothesized that an increase in respiration would result in elevated mitoROS production
unless mitochondrial antioxidant systems were also elevated; however, this avenue was
unexplored. There also appears to be a tissue- and disease-dependent role for Twinkle in
mitoROS regulation given that overexpression of Twinkle has been shown to reduce
mitoROS.14 Future investigation should aim to tease out the precise role of mitoROS in
lesion development and its potential contribution to changes in mtDNA damage and
mitochondrial dysfunction.

In addition to the role of mitoROS, how do changes in mitochondrial respiration influence
plaque stability? Increased respiration resulted in decreased VSMC apoptosis and an
increase in proliferation. While proliferation may be dependent upon ATP production, how
does respiration influence mitochondrial-dependent apoptotic signaling? It would also be
interesting to observe if enhanced mitochondrial respiration influences mitochondrial
membrane potential and ion transport and their role in plaque stability. Furthermore, recent
evidence indicates inflammatory macrophages experience metabolic reprogramming
resulting in increased glycolysis-derived ATP and a decrease in oxygen consumption.1®
Given the role of Twinkle-overexpressing macrophages in necrotic core formation,! future
investigation should explore how enhanced respiration affects inflammatory signaling as
well as inflammation resolution mechanisms such as efferocytosis. In addition, how does
enhanced respiration affect mitophagy and mitochondrial biogenesis and vice versa? The
authors noted that VSMCs derived from human plaque samples exhibited increased
mitophagy without subsequent increases in mitochondrial biogenesis which may help to
explain a decrease in mtDNA copy number in human plaques. However, how Twinkle-
induced respiratory increases affect mitophagy and/or mitochondrial biogenesis is unknown
and warrants future investigation. Delineating the contribution of mtDNA damage and
mtDNA copy number to respiratory deficiencies and the resultant phenotype is also
warranted. Twinkle overexpression elicits differing responses in VSMCs and macrophages
(decreased mtDNA damage vs increased mtDNA copy number). While it is likely that
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mtDNA damage and mtDNA copy number both contribute to the observed phenotype, their
specific roles remain unclear.

All in all, the work performed by Yu & Reinhold et al. establishes a direct relationship
between mtDNA damage, mitochondrial respiratory deficiencies, and lesion progression in
atherosclerosis. These novel findings encourage continued investigation into the precise role
of mitochondrial function in the development of atherosclerosis and cardiovascular disease.
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Figure.
Atherogenic stimuli cause mtDNA damage leading to a decline in mitochondrial respiration.

Decreased mitochondrial respiration leads to thinning of the fibrous cap through VSMC
dysfunction and apoptosis and increased necrotic core formation as a result of macrophage
activation. Increasing mitochondrial respiration attenuates these effects.
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