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Immune system activation occurs not only due to foreign stimuli, but also due to endogenous molecules. As such, endogenous molecules that are
released into the circulation due to cell death and/or injury alarm the immune system that something has disturbed homeostasis and a response is
needed. Collectively, these molecules are known as damage-associated molecular patterns (DAMPs). Mitochondrial DAMPs (mtDAMPs) are
potent immunological activators due to the bacterial ancestry of mitochondria. Mitochondrial DAMPs are recognized by specific pattern recog-
nition receptors of the innate immune system, some of which are expressed in the cardiovascular system. Cell death leads to release of mtDAMPs
that may induce vascular changes by mechanisms that are currently not well understood. This review will focus on recently published evidence
linking mtDAMPs and immune system activation to vascular dysfunction and cardiovascular disease.
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Introduction
The endosymbiotic theory suggests that mitochondria and other
organelles represent formerly free-living bacteria. Dr Lynn Margulis1

first substantiated this theory with microbiological evidence in 1967.
Margulis’s theory gained support in the 1980s after research showed
that the genetic material of mitochondria differed from that of
nuclear DNA.2 Nowadays, the endosymbiotic theory of mitochon-
dria embraces the knowledge that prokaryotic organisms (bacteria)
entered into the eukaryotic cell and evolutionarily converted to an
indispensible organelle.1,2

The endosymbiotic theory has raised new questions regarding the
role of mitochondria, including their potential to contribute to unin-
tended immune system activation, sterile inflammation, and disease
pathogenesis, because of their bacterial origin. In an attempt to
answer several questions that had remained unresolved by the trad-
itional ‘self–non-self model of immunity’, in 1994 Dr Polly Matzinger3

proposed the ‘danger theory’ of immunological response centred on
the idea that the immune system is more concerned by damage than

by foreignness. The danger theory proposes that the activation of the
immune system is trigged by danger signals from damaged tissues,
rather than by the recognition of non-self. Such danger signals are
provided by not only pathogens, but also by endogenous molecules
released into the circulation or tissues due to cell death and/or injury.
Normally, these endogenous molecules are shielded from immune
system components by cellular membranes and compartmentaliza-
tion within the cell; however, unintended cell injury and/or death
trigger their release. Collectively, these released endogenous mole-
cules are referred to as damage-associated molecular patterns
(DAMPs). Damage-associated molecular patterns are derived from
many sources within the cell, including the plasma membrane,
nucleus, cytosol, endoplasmic reticulum (ER), and mitochondria.4

Mitochondrial DAMPs (MtDAMPs) express at least two unique
molecular signatures that are evolutionarily conserved from
their bacterial origin, N-formyl peptides, and mitochondrial DNA
(mtDNA). N-Formyl peptides and mtDNA released inadvertently
from damaged mitochondria and cells are recognized by specific
pattern recognition receptors (PPRs) of the innate immune system,
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formyl peptide receptor (FPR), and Toll-like receptor (TLR) 9,
respectively.5,6

Cell death leading to the release of DAMPs and immune system ac-
tivation has been shown to have pathological implications in the car-
diovascular system. As such, circulating DAMPs may be a common
feature of the dysfunction seen in many vascular diseases. The bacter-
ial ancestry of the mitochondria distinguishes it as novel DAMP with a
rationale for its inflammatogenic properties. However, the mechan-
isms by which mtDAMPs may change vascular function are currently
unclear. This review will focus on the recently published evidence
linking mtDAMPs and immune system activation to vascular dysfunc-
tion and cardiovascular disease.

An overview of mitochondrial
function
Mitochondria are essential organelles of all cells, their functions
ranging from energy production and metabolic regulation to reactive
oxygen species (ROS) signalling, calcium homeostasis, and apoptosis.

The endosymbiotic theory helps explain both the energy-
generating function of the mitochondria and their unique double-
membrane structure. The outer mitochondrial membrane (OMM)
resembles the plasma membrane and is significantly smaller in
surface size than the bacterial-like inner mitochondrial membrane
(IMM), containing the phospholipid cardiolipin. The IMM, crucial
for the mitochondrial oxidative phosphorylation machinery, is
enlarged by deep folds called cristae. The intermembrane space is
similar in small molecule composition to the cytoplasm, due to
porins in the OMM,but with different protein content, characteristic-
ally including cytochrome c, a component of the electron transport
chain. Enclosed by the IMM is the matrix, where high-energynutrients
such as pyruvate from glycolysis or fatty acids are transformed into
acetyl-CoA, the primary substrate of the Krebs cycle.7 Matrix
enzymes complete the Krebs cycle that produces NADH and
FADH2, which are used as a source of high energy electrons by re-
spiratory complexes (NADH dehydrogenase, cytochrome b-c1,
and cytochrome oxidase, or complexes I– III) that form the electron
transfer chain in the IMM. These complexes ultimately use molecular
oxygen as an electron acceptor, producing protons along the way,
which after being pumped to the intermembrane space, form an elec-
trochemical proton gradient. In most cells, during the last step of this
extremely efficient system of oxidative phosphorlyation, adenosine
triphosphate (ATP) synthase, also located in the IMM, uses the
re-entry of protons in the matrix as a source of energy for ADP phos-
phorylation and ATP production. In some cell types however, such as
brown adipocytes, mitochondrial respiration is uncoupled from ATP
synthesis by proteins like uncoupling protein-1, and electron transfer
results in heat generation.7

A certain amount of electrons escape the electron transfer chain,
particularly at complex I and III sites, and produce the highly reactive
superoxide anion via one electron reduction of molecular oxygen. In
physiological conditions, this small amount of ROS contributes to
normal cell signalling. Excessive amounts of mitochondrial ROS, pro-
duced via excessive NADH levels, low ATP production with high
protonmotive force, or from other mitochondrial ROS sources,
may overwhelm the powerful antioxidant systems present inside

the matrix, such as manganese superoxide dismutase and glutathione
peroxidase. Oxidative damage to mtDNA may subsequently result in
mtDNA mutations, as well as autophagy and apoptosis.8 The free
radical theory of ageing is based on strong evidence linking ageing
with mitochondrial ROS production and accumulation of mtDNA.
Mitochondrial ROS are produced in a controlled way through specia-
lized enzymes, including p66Shc, a genetic determinant of life span in
mammals.9 Mitochondrial p66Shc utilizes reducing equivalents of the
mitochondrial electron transfer chain through the oxidation of cyto-
chrome c to generate ROS and induces mitochondrial disruption.9

Mitochondria are also at the centre of the intrinsic apoptosis
pathway induced by stimuli such as oxidative stress, DNA damage,
ER stress, high calcium levels, or hypoxia. In this pathway, activation
of pro-apoptotic Bax or Bak leads to OMM permeabilization and
leakage of cytochrome c into the cytoplasm, a step considered to
be ‘the point of no return’ of intrinsic apoptosis. Cytochrome c
then binds apoptosis protease activating factor-1 (APAF-1) to form
the apoptosome, structure that in turn activates caspase 9 in a
cascade culminating in apoptosis.10

In addition to these functions, and important for vascular
biology, mitochondria contribute to the maintenance of calcium
homeostasis. Mitochondria and the ER physically associate in the
so-called mitochondria-associated ER membrane (MAM), specia-
lized domains that allow not only for transport of calcium, but also
for cholesterol, ceramide, and phospholipids transfer.11 The latter
is important for the frequent dynamic changes in mitochondria
morphology resulting from constant fusion and fission. Rapid mito-
chondrial uptake of calcium is made possible in MAMs by voltage-
dependent anion channels in the OMM and by the mitochondrial
calcium uniporter in the IMM. Additional regulation of mitochondrial
calcium levels is providedon theERside ofMAMsby IP3RandSERCA,
as well as by calcium efflux via Na+/Ca2+ transporters in the IMM and
the permeability transition pore in the OMM.12

Finally, mitochondria have been recently implicated in the regula-
tion of danger signalling and immune system activation. The details of
this novel role of mitochondria are provided below.

Immune system activation by
mitochondria damage-associated
molecular patterns
Immune defence involves two components: the innate immune
system and the adaptive immune system. The innate immune
system is the body’s early warning system that rapidly detects and
reacts to potentially dangerous antigens. This subsequently allows
time for the adaptive immune system to mount an antigen-specific
response.

Inflammation is one of the initial responses of the innate immune
system, and this inflammation is the stimulus that subsequently
signals for the adaptive immune system to elicit a more robust
defence. Inflammation is described as dolour (pain), calor (heat),
rubor (redness), tumour (swelling), and functio laesa (loss of func-
tion).13 While this definition of inflammation has maintained clinical
relevance since its first description by Aulus Cornelius Celsus
(De medicina, c. A.D. 25), inflammation nowadays can be explained
more precisely as pro-inflammatory cytokine induction that is
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important for guiding the adaptive immune response. In addition
to pro-inflammatory cytokines, inflammation can be characterized
by the expression of chemokines (chemotactic cytokines) and
cell adhesion molecules that direct the immune cell migration and
diapedesis, respectively.14 Although the acute expression of these
pro-inflammatory mediators is an important defence against short-
term perturbations (e.g. pathogen invasion), chronic and/or exces-
sive expression can contribute to a variety of pathologies, including
cardiovascular disease.15

The traditional theory of immunological response and tolerance
was based on the discrimination between self and non-self, where
the immune system was activated by exogenous stimuli (e.g. bacteria,
viruses, and fungus). Although this paradigm was acceptable for de-
scribing a situation in which the stimulus was a pathogen, many ques-
tions remained unresolved under this theoretical framework. For
example, what happens when the host undergoes a transformation
and subsequently appears different or foreign to the immune
system? How do puberty, pregnancy, and ageing occur without elicit-
ing a reaction to changing tissues? Why are tumours not rejected
even though they express new and/or mutated proteins? Why are
a few individuals susceptible to autoimmune diseases even though
the majority of the population accommodates and tolerates auto-
reactive lymphocytes?16

As a result of these inconsistencies in the self–non-self model, a
new theory of immune system activation was introduced, known as
the danger model of immunity.3 This model focuses on the notion
that the immune system is activated in response to stimuli that are
dangerous and potentially damaging to the host. Therefore,
immune system activation occurs not only due to foreign stimuli,
such as pathogen-associated molecular pattern (PAMP), but also
due to endogenous ‘alarmins’, if not properly shielded or compart-
mentalized away from immune system components. As such,
endogenous molecules that are released into the circulation due to
cell death and/or injury alarm the immune system that something
has disturbed homeostasis and a response is needed. Collectively,
these molecules are known as DAMPs. Potential DAMPs are varied
and numerous, and by no means have been fully described yet, nor
has their clinical efficacy as a therapeutic target been examined. En-
dogenous molecules (i.e. DAMPs) that arise from injured and dying
cells and activate PPRs of the innate immune system include extracel-
lular matrix components, plasma membrane, nuclear, and cytosolic
proteins, and elements of damaged/fragmented organelles. More-
over, genetic abnormalities (e.g. polymorphisms and mutations)
could turn a normally functioning protein into a DAMP.

Mitochondrial DNA contains mostly unmethylated cytosine-
phosphodiester-guanine (CpG) dinucleotides and all peptides are
translated with an N-formyl group at the beginning.1,4,17 Therefore,
when injured mitochondria are released into the circulation due to
plasma membrane rupturing or improperly degraded within the
cell, specific mitochondrial components are recognized by PRRs of
the innate immune system as a PAMP, driving an inflammatory re-
sponse. In fact, it was elegantly demonstrated by Zhang et al.18 that
mtDAMPs released due to trauma were able to induce systemic in-
flammatory response syndrome (SIRS), in the absence of any bacter-
ial contamination. Moreover, pressure-overload released mtDNA
that escapes autophagic degradation leads to TLR9-mediated inflam-
matory responses in cardiomyocytes, and is capable of inducing

myocarditis and dilated cardiomyopathy.19 As a result of this ability
of mtDAMPs to induce systemic inflammation in non-infective condi-
tions such as trauma and heart failure, it is our belief that this deleteri-
ous function of mtDAMPs can be extrapolated to other sterile
inflammatory conditions (e.g. vascular diseases).

Mitochondrial DNA
Mitochondria contain their own genetic material known as mtDNA,
which represents ,1% of total cellular DNA. MtDNA is organized as
a circular, double-stranded DNA and each mtDNA molecule con-
sists of 15 000–17 000 bp. The nucleotide content of the two
strands of mtDNA differs as the heavy (or H) strand is rich in
guanine, whereas the light (or L) strand is rich in cytosine. The H
strand encodes 28 genes, whereas the L strand encodes 9 genes,
with a total of 37 genes encoded by the mitochondrial genome. Of
these, 13 genes are for polypeptides, 22 are for transfer RNA
(tRNA), and 2 are for the small and large subunits of ribosomal
RNA.20 Mitochondrial DNA is packed into aggregates called
nucleoids and the most common component of nucleoids is the tran-
scription factor A (TFAM), which has similar actionswith those of his-
tones (e.g. compacting and packing DNA).21

The term mitochondrial dysfunction encompasses events such as
decreased ATP production, increased generation of ROS, calcium
dysregulation, and mtDNA damage.22 Mitochondria have significant
DNA repair capacity, can increase their biogenesis, and harbour
mechanisms such as mitophagy and the ubiquitin–proteasome
system that are able to remove poorly performing mitochondria.23

Nevertheless, mtDNA is susceptible to oxidative stress due to its
proximity with the respiratory chain and the lackof protection by his-
tones and chromatin.22 Therefore, mitochondrial dysfunction and
mtDNA damage are often involved in diseases associated with oxida-
tive stress, such as diabetes, hypertension, and atherosclerosis. It has
been proposed that mtDNA codes for mutated polypeptides and
these mutations are responsible for lossof the integrityof the respira-
tory chain, which leads to increases in ROS and further nuclear and
mtDNA damage.22 As a result, mitochondria-induced cellular dys-
function promotes apoptosis, cell cycle arrest, cell senescence,
altered lipid processing, and inflammation, which are all character-
istics of the development of atherosclerosis as well as other vascular
diseases.24,25

As described above,mtDNA has emerged as a DAMP contributing
to a systemic inflammatory response. Similar to bacterial DNA,
mtDNA has unmethylated CpG DNA repeats, whereas nuclear
DNA is modified by the addition of methyl groups on these motifs.
This difference between bacterial and nuclear DNA allows immune
cells to respond to invading pathogens by mounting an immune
response. Bacterial DNA is recognized by the TLR9, a member of
the highly conserved PRRs known as TLRs.26 Containing the inflam-
matogenic unmethylated CpG DNA motifs, mtDNA also acts as a
ligand for TLR9.18 Activation of TLR9 induces the synthesis of
pro-inflammatory cytokines and mitogen-activated protein kinase
activation promoting an inflammatory response.26 TLR9 is expressed
in immune,26 endothelial,27 and vascular smooth muscle cells28 and
all these cells are involved in the development of vascular dysfunction
associated with hypertension, ischaemia, and atherosclerosis. In un-
stimulated cells, TLR9 is located in the ER. Upon stimulation by
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CpG DNA, TLR9 translocates to the membranes of endosomes.29

The expression of TLR9 in the ER contrasts sharply with the expres-
sion pattern of other TLRs such as TLR2 and TLR4, which both enter
the secretory pathway and travel to the plasma membrane, where
they recognize their ligands and initiate cellular activation.29 Interest-
ingly, previous studies have shown that circulating mtDNA is
increased in individuals with hypertension30 and in pregnant
women with preeclampsia, a hypertensive disorder of pregnancy.31

More recently, our laboratory reported that the in vivo activation of
TLR9 by synthetic CpG oligonucleotides induces preeclampsia-like
symptoms in pregnant rats6 and increases vascular responses to con-
tractile stimuli (unpublished observations). Collectively, these data
suggest that mtDNA either in the circulation or in the cytoplasm
has the ability of inducing an inflammatory response via activation
of the immune system. The presence of TLR9 in vascular and
immune cells suggests a potentially functional role of the mtDNA/
TLR9 axis in the vasculature in pathologic conditions.

Mitochondrial N-formyl peptides
As described earlier, mitochondria carry hallmarks of their bacterial
ancestry.17 One of these hallmarks is that this organelle still uses an
N-formyl-methionyl-tRNA as an initiator of protein synthesis.17

Mitochondria synthesize only 13 proteins which all contain an
N-formyl group at the beginning of the amino acid sequence. These
proteins are found in the IMM, where they participate in electron
transport for oxidation phosphorylation.17

It is known that the N-formyl peptide sequence, such as
N-formyl-methionyl-leucyl-phenylalanine from gram-negative bac-
teria, is a potent chemoattractant32 with a high-affinity binding site
for FPR.32 The FPR family, a subfamily of G protein-coupled recep-
tors, is represented by at least, three isoforms FPR 1, 2, and
3. Formyl peptide receptors are expressed at high levels on neutro-
phils and monocytes, and when activated by binding of FMLP, they
induce NADPH oxidase activation, ROS generation, and cell chemo-
taxis.5,32 Interestingly, Hauser et al.33 showed that mtDAMPs from
human femoral reaming lead to pulmonary inflammation via activa-
tion of FPR on neutrophils.

Besides being expressed in neutrophils, FPR family is expressed on
a rangeof somaticcells and tissues, including the endothelium,epithe-
lium, spleen, lung, liver, skeletal, and smooth muscle.5,32 Neverthe-
less, its biological function in other tissues is not fully understood.
As such, FPR activation in the cardiovascular system has been
shown to have functional implications, such as modulation of vascular
tone, even in the absence of leucocytes. Specifically, Bode et al.34

demonstrated that FMLP activates cells of an unknown identity in
the adventitia or media of human coronary arteries and produced
vasoconstrictor cyclooxygenase-derived products. In addition,
Keitoku et al.35 reported that FMLP produced biphasic responses
(contraction with subsequent relaxation) in human coronary arter-
ies, mainly via generation of thromboxane A2 and prostacyclin. On
the other hand, Laplante et al.36 demonstrated that FMLP has a relax-
ant effect on rabbit vascular strips (portal veins and pulmonary arter-
ies). This relaxant response was decreased by indomethacin in
pulmonary arteries. Recently, we reported that FMLP and N-formyl
peptides derived from mitochondria (F-MIT) have a powerful relax-
ant effect in resistance arteries, and that cyclosporine H (FPR

antagonist) inhibits this response, suggesting that FPR has an im-
portant role in vascular function.5 It is noteworthy thatweperformed
our experiments with formylated peptide corresponding to the
N-terminus of mitochondria NADPH dehydrogenase subunit
6.This peptide is equally potent to activate the FPR in humanpromye-
locytic leukaemia cells.37 However, the FPR signalling downstream
that induces relaxation is currently under investigation.

Based on these findings, we hypothesized that in conditions of
sterile inflammation (e.g. tissue damage/trauma), FPR activation and
associated signalling leads to exacerbated relaxation. This novel
concept has clinical relevance in the context of SIRS, as FPR agonists
released from damaged tissuemay induce exacerbatedvasodilatation
and uncontrolled systemic and local inflammation, leading to hypo-
tension and shock.5

Other mitochondrial-derived
damage-associated molecular
patterns
The mitochondrion is not only the key site for lipid biosynthesis
and oxidation within the cells, but also houses its own unique lipid en-
vironment. An important mitochondrial phospholipid is cardiolipin,
which acts to anchor cytochrome c to the inner membrane and
provides structural and functional support to proteins necessary to
carry out oxidative phosphorylation. Disturbances in mitochondrial
function disrupt the phospholipid environment leading to the release
of cardiolipin, which undergoes rapid oxidation due to its high
content of unsaturated fatty acid chains thus turning it into a
DAMP. The presence of oxidized cardiolipin in apoptotic cells of
atherosclerotic lesions has implicated it in the pathological immune
response associated with atherosclerosis.38 Additionally, elevated
natural antibodies to cardiolipin have been associated with higher
carotid intima-media thickness in patients with rheumatoid
arthritis.39

Another biologically active molecule that can act as DAMP is
ATP.40 Mitochondria are the major source of ATP production
within the cell and intracellular concentrations range from 1 to
10 mM. Once released, ATP binds to the plasmatic membrane
family receptors, P2X (inotropic ligand-gated non-selective cation
channels) and P2Y (G protein coupled receptors). Released ATPacti-
vatesP2X7 receptors to trigger potassium efflux, procaspase-1 cleav-
age, and conversion of pro-IL-1b into mature IL-1b.41 In endothelial
cells, shear stress can lead to the release of ATP and intravascular
release of ATP contributes to tissue damage by induction of an in-
flammatory microenvironment and recruitment of circulating neu-
trophils.42 It is believed that ATP acts as a second signal following
TLR induction of pro-IL-1b to drive this inflammatory response
through activation of the inflammasome. The combined effects of
these two signalling cascades lead to the formation of active
caspase-1 and cleavage of pro-IL-1b to active and secreted
forms.43 Furthermore, high concentrations of extracellular ATP
induce a proinflammatory response in human microvascular endo-
thelial cells leading to the releaseof IL-6, IL-8, andMCP-1and increase
ICAM-1 expression.44 Our lab has shown that lipopolysaccharide-
induced vascular hyporeactivity is amplified following P2X7 receptor
activation.45 This brings to light a new response of the P2X and P2Y
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receptor family members in not only mediating changes in vascular
reactivity but also playing a role in vascular inflammation.

MitochondrialTFAM, ahighlyabundantmitochondrial protein that
is functionally and structurally homologous to high mobility group
box protein 1, is a cytosolic and nuclear protein that can act like a

DAMP when released from necrotic cells. Like many other high mo-
bility group family proteins, TFAM has the ability to bind to DNA in a
sequence-independent manner.46,47 Accordingly, Julian et al.46

reported that TFAM synergizes with mtDNA. Upon release from
cell injury, mtDNA remained in association with TFAM to promote

Figure 1 Cell and/or tissue injury (e.g. necrosis) trigger mitochondria DAMPs (mtDAMPs) release. MtDAMPs are potent immunological activa-
tors due to the bacterial ancestry and once released from necrosis they can lead to vascular damage. F-MIT (mitochondria-derived formyl peptide);
mtDNA (mitochondria DNA); TLR 9 (Toll like receptor 9); FPR (formyl peptide receptor); P2 (purinergic receptor); ATP (adenosine triphosphate);
mtRNA (mitochondrial RNA and microRNA); TFAM (mitochondrial transcription factor A).
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endosomal signal transduction via PI3K/Akt and ERK in plasmacytoid
dendritic cells (pDC) and that exposure to TFAM alone was insuffi-
cient to elicit pDC activation. However, TLR9-mediated immune
responses to mtDNAwere significantly amplified by TFAM.46 Addition-
ally, Chaung et al.47 demonstrated that TFAM was released into the cir-
culation in rats after haemorrhagic shock. Extracellular TFAM
stimulated pro-inflammatory cytokine release in primary peritoneal
macrophages and intravenously administration provoked inflammatory
responsesand led toorgan injury inhealthyanimals.Theseauthorscon-
clude that TFAM can act as an mtDAMP,47 however if this mtDAMP
may modify vascular function remains unknown.

Cellular stress leads to the release of cytochrome c from the mito-
chondria into the cytosol where it can act as an intracellular danger
signal. Once in the cytosol, cytochrome c activates caspase family
members through a complex with Apaf-1. Serum concentrations of
cytochrome c are elevated in patients with SIRS compared with
control subjects.48 Moreover, the concentration of cytochrome c
in non-survivors was significantly elevated compared with survivors
of SIRS identifying cytochrome c as a survival prognostic. Paradoxic-
ally, beneficial effects of cytochrome c were observed when cyto-
chrome c loaded nanoparticles targeted to newly formed blood
vessels feeding adipocytes were administered in a mouse model of
diet induced obesity and the increase in body weight was pre-
vented.49 This gives evidence to the efficacy of using this DAMP in
a directly targeted therapeutic approach to the treatment of diseases
with unwanted to abnormal angiogenesis.

Are microRNAs
mitochondrial-derived
damage-associated molecular
patterns?
MicroRNAs (miRNA) are class of gene regulators that repress
mRNAs post-transcriptionally by binding to partially complementary
sites.50 However, recent studies suggest that miRNAs have more
functions than initially demonstrated.51 Thus, miRNAs are able to
mediate intercellular communication or regulate their own expres-
sion.51 Recent studies have shown that miRNAs are ligands for
TLRs, a function that is independent of their role in post-
transcriptional gene regulation.51 Fabbri et al.52 have shown that
miR-21 and -29a secreted by tumour cells in exosomes activate
TLR8 and 7 receptors in immune cells, leading to NF-kB activation
and inflammatory cytokines production. Interestingly, in 2011 Dr
Gidrol and colleagues53 have discovered pre-miRNA and miRNA
in human mitochondria from skeletal muscle cells.

With regards to the cardiovascular system, miRNAs have been
associated to cardiovascular development, cardiac fibrosis, arrhyth-
mia, and vascular diseases. Liu et al.54 observed that miRNAs are
overexpressed in carotid arteries after angioplasty. Also, they
demonstrated that in cultured vascular smooth muscle cells,
miR-221 and miR-222 expression was increased by growth stimula-
tors and the knockdown of these miRNAs decreased vascular
smooth muscle cell proliferation.54 These new evidences suggest a
potentially functional role of the miRNA in the vasculature in patho-
logic conditions.

Conclusion and perspective
Aberrant immune system activation and low-grade systemic
inflammation may be a common feature of the dysfunction seen in
many vascular diseases. The bacterial ancestry of the mitochondria
distinguishes it as novel DAMP with a rationale for its inflammato-
genic properties; however, the molecular mechanisms associated
with vascular changes induced by mtDAMPs require further investi-
gation (Figure 1). Future studies should examine the ability of
mtDAMPs to induce systemic inflammation in non-infective condi-
tions such as trauma, hypertension, and heart failure.The relationship
between sterile inflammatory conditions (e.g. vascular diseases) and
innate immune system may be important in view of new therapeutic
strategies for cardiovascular diseases. These therapies should focus
on targeting potent immunological activators, such as mtDAMPs,
their release, activity, and/or clearance.
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