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ABSTRACT
Chronic obstructive pulmonary disease (COPD) is a common inflammatory airway disease 
characterized by enhanced inflammation. Recent studies suggest that mitochondrial damage-
associated molecular patterns (DAMPs) may play an important role in the regulation of 
inflammation and are involved in a serial of inflammatory diseases, and they may also be 
involved in COPD. This review highlights the potential role of mitochondrial DAMPs during 
COPD pathogenesis and discusses the therapeutic potential of targeting mitochondrial 
DAMPs and their related signaling pathways and receptors for COPD. Research progress on 
mitochondrial DAMPs may enhance our understanding of COPD inflammation and provide 
novel therapeutic targets.

Key words: chronic obstructive pulmonary disease, mitochondrial damage-associated molecular patterns, inflammation  

INTRODUCTION

Chronic obstructive pulmonary disease 
(COPD) is a common disease that features 
airway limitation and persistent respiratory 
symptoms. COPD is a leading cause of  
morbidity and mortality worldwide and 
brings heavy economic and social burdens 
that are both substantial and increasing.[1]  
Data from a large cross-sectional study 
revealed that the overall prevalence of  
spirometry-defined COPD was 8.6%, 
accounting for 99.9 million people with 
COPD in China alone.[2] COPD is one 
of  the largest causes of  mortality in most 
countries; in 2011, COPD was the third 
leading cause of  death in the USA,[3] and 
in 2017, COPD was the fourth leading 
cause of  years of  life lost in China.[4] These 
statistics underscore the clinical challenge 
of  improving COPD management. 

The pathogenesis of  COPD is complicated 
and has not been fully explained. Chronic 

irritation such as cigarette smoke (CS)-
induced inflammatory response of  the 
airway is considered as one of  the most 
important pathogenetic factors of  COPD, 
as evidenced by enhanced inflammatory 
cells and inflammatory mediators that 
amplify inflammation and induce structural 
changes in the airway and lungs.[5,6] CS-
induced persistent airway inflammation 
causes airway limitation, gas trapping, gas 
exchange abnormalities, airway mucus 
hypersecretion, and acute exacerbations.[5-8] 
Modulation of  airway inflammation is still 
an important method to treat COPD.

Mitochondria are vital cellular organelles 
crucial for energy generation, maintenance 
of  cellular metabolism, intracellular 
signaling, calcium homeostasis, and 
modulation of  cell death programs.[9,10] 
Emerging studies suggest that mitochondrial 
dysfunction plays an important role in the 
initiation and progression of  many human 
diseases. A growing body of  evidence 
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suggests that CS-induced mitochondrial dysfunction, 
including mitochondrial biological function disorder, 
formatting harmful substances, abnormal mitophagy, and 
mitochondria-dependent signaling pathway dysregulation, 
exists in the context of  COPD; mitochondrial dysfunction 
may also play an important role in regulating inflammation, 
and thus has a potential role in COPD.[11-14] More and 
more researchers are investigating COPD pathogenesis 
and searching for novel therapeutic targets from a 
mitochondrial perspective.

Damage-associated molecular patterns (DAMPs) are 
intracellular molecules released into the extracellular space 
by cells under stress; they can bind to pattern recognition 
receptors (PRRs) and activate a series of  inflammatory 
pathways that affect disease occurrence, development, 
and outcome.[15] Mitochondrial dysfunction under various 
stimuli including CS may seriously affect cell energy 
metabolism and cause the release of  many mitochondrial 
components (named as mitochondrial DAMPs) into 
the cytosol or extracellular space; these go on to take 
part in apoptosis, necrosis, inflammation, and other 
pathophysiological processes.[9] Mitochondrial DAMPs 
contain mitochondrial DNA, mitochondrial transcription 
factor A (TFAM), adenosine triphosphate (ATP), 
succinate, heat shock protein 60 (HSP60), cytochrome c, 
N-formyl peptides (NFPs), and cardiolipin, which have 
been identified as important mediators of  the innate 
immune response and implicated in infection, trauma, 
acute lung injury, sepsis, autoimmune disorders, ischemic 
heart disease, and cancer.[16-18] Mitochondrial DAMPs 
are hot research topics and may help to understand the 
pathogenesis of  diseases and diagnose, stage, treat, and 
prognostically evaluate diseases. Growing studies suggest 
that CS exposure may cause mitochondrial damage and 
dysfunction, and generation of  mitochondrial DAMPs, 
and plays a role in COPD. This review highlights the 
role of  the different mitochondrial DAMPs and related 
signal pathways in COPD and discusses their therapeutic 
potential. 

CS AND MITOCHONDRIAL DAMPS

CS is considered as one of  the most important risk factors 
of  COPD, and growing studies suggest that CS is associated 
with the damage of  mitochondrial DAMPs through several 
mechanisms. First, a previous study found that long-term 
exposure to CS extract (CSE) causes significant changes 
in the mitochondrial structure in BEAS-2B cells, including 
branching fragmentation and reduction in cristae quantity, 
which may be through the regulation of  specific fission/
fusion proteins (Fis1, Mfn1, Mfn2, Drp1, and Opa1), 
oxidative phosphorylation proteins (complex II, III, and 
V), oxidative stress, and inflammatory response. Similar 

findings were identified in primary bronchial epithelial 
cells from patients with COPD. These results suggest 
CS can impair the mitochondrial structure and cause the 
damage of  mitochondria.[19] Second, CS exposure can cause 
mitochondrial dysfunction. Even mild and nontoxic doses 
of  CSE could induce mitochondrial hyperfusion in murine 
lung epithelial and primary mouse alveolar epithelial cells, 
which may contribute to COPD pathogenesis.[20] CS also 
blocks the mitochondrial respiratory chain, with decreases 
in mitochondrial membrane potential, mitochondrial 
oxygen consumption, and production of  ATP, and 
causes mitochondrial dysfunction.[21] Third, the injured or 
dysfunctional mitochondria are normally cleared from the 
cell by mitophagy, while growing evidence suggests that 
CS exposure could impair mitophagy and reduce the ability 
of  eliminating damaged mitochondria. The accumulation 
of  damaged or dysfunctional mitochondria may cause 
subsequent inflammation, oxidative stress, is associated 
with many chronic lung diseases including COPD.[22-24] All 
these studies suggest that CS can damage mitochondria 
and may contribute to mitochondrial DAMPs’ generation. 

More and more direct evidence revealed that CS is 
associated with the generation of  mitochondrial DAMPs. 
Smokers had 5.6 times the level of  mitochondrial DNA 
damage and 2.6 times the damage at a nuclear locus 
compared to nonsmokers in the bronchoalveolar lavage 
tissues.[25] CS exposure significantly affects mitochondrial 
function, characterized by decreased intracellular ATP 
levels and increased mitochondrial DNA in human 
neutrophils,[26] suggesting that CS may induce mitochondrial 
DAMPs’ release from necrotic neutrophils to trigger 
proinflammatory mediator release, followed by enhanced 
inflammation. Acrolein is a major component of  CS and 
can cause various lung diseases including asthma, COPD, 
and lung cancer. It can induce mitochondrial DNA damage 
and alter mtDNA copy number in human lung epithelial 
cells and fibroblasts, as well as alter cytochrome c release 
in A549 human lung cells.[27,28] The collective available 
evidence supports the hypothesis that when mitochondria 
are stressed or functionally impaired by CS, they can release 
a variety of  mitochondrial DAMPs that drive inflammatory 
responses and take part in COPD pathogenesis. 

MITOCHONDRIAL DAMPS AND 
COPD

Mitochondrial DNA
Mitochondrial DNA is released into the cytosol or 
circulation from damaged mitochondria and serves 
as DAMPs that regulate the immune system and 
inflammation.[29,30] Many studies have reported that 
mitochondrial DNA is involved in numerous diseases 



Shen et al.: Mitochondrial DAMPs in COPD

332 JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / OCT-DEC 2023 / VOL 11 | ISSUE 4

like acute lung injury, sepsis, trauma, pulmonary 
embolism, liver failure, cancer, myocardial infarction, 
rheumatoid arthritis, and neurological disorders.[17,29,30]  
Mitochondrial DNA is considered as an important 
regulator of  inflammatory diseases. 

Several clinical studies have described a role of  mitochondrial 
DNA in COPD. Zhang et al. found that patients with mild 
or moderate COPD had higher plasma mitochondrial 
DNA levels compared to ever smokers without COPD, 
while participants with severe COPD had lower plasma 
mitochondrial DNA levels compared to those with mild 
or moderate COPD. Clinical data revealed that plasma 
mitochondrial DNA levels may be associated with 
baseline COPD status, but not future changes in clinical 
COPD measures.[31] The same group reported that urine 
mitochondrial DNA levels may help identify distinct clinical 
phenotypes and underlying pathobiological differences in 
males versus females with COPD.[32] Mitochondrial DNA/
nuclear DNA levels in exhaled breath condensate are 
increased in COPD patients compared to healthy subjects.[33]  
Overall, these findings suggest a role for mitochondrial 
dysfunction in severe COPD and suggest a need for future 
longitudinal investigations to measure mitochondrial DNA 
and examine their clinical significance.

The direct mechanism by which mitochondrial DNA 
affects COPD is still unclear. It is well recognized that 
mitochondrial DNA can trigger an inflammatory response 
through interaction with Toll-like receptor 9 (TLR9), 
inflammasomes, and cyclic GMP–AMP synthase (cGAS)–
stimulator of  interferon genes (STING).[14,17] TLR9 is the 
first discovered receptor that can recognize unmethylated 
CpG DNA, typical of  bacterial DNA, viral DNA, and 
mitochondrial DNA. Studies reported that unmethylated 
CpG sequences present in mitochondrial DNA molecules 
can activate TLR9 through a sequence-specific binding to 
the N-term of  the C-shaped, leucine-rich repeat region of  
TLR9. Then, the cytosolic domain of  TLR9 induces the 
activation of  MyD88 pathway, mitogen-activated protein 
kinase (MAPK), and NF-κB signaling pathway, leading 
to the transcription of  inflammatory cytokines, including 
tumor necrosis factor (TNF), interleukin-6 (IL-6), and 
adhesion molecules.[34,35] An animal study reported that 
intratracheal administration of  mitochondrial DNA could 
induce lung inflammatory response in mice, which was 
through the interaction with TLR9 and related MAPK 
signaling transduction pathway.[36] CS exposure enhanced 
TLR9 expression in the lung of  a mouse emphysema model, 
which regulated CS-mediated immune cell recruitment to the 
lung, apoptosis, and inflammatory mediator expression.[37]  
CSE also upregulated TLR9 expression in human 
neutrophils, and since TLR9 mediates CSE-induced release 
of  CXCL8, it may contribute to neutrophil accumulation 

and inflammation within the airways of  smokers.[38] CS 
may increase the release of  mitochondrial DNA and then 
interact with TLR9, contributing to airway inflammation. 
These findings suggest that TLR9 is an important 
therapeutic target of  COPD.

Inflammasomes are targets of  mitochondrial DNA and 
play an important role in regulating inflammation and 
COPD; NOD-, LRR-, and pyrin domain-containing 
protein 3 (NLRP3) are the most important inflammasome 
components.[39] Mitochondrial DNA can directly induce 
NLRP3 inflammasome activation and has been reported 
in various studies.[40-42] Lipopolysaccharide (LPS) and 
ATP stimulus promoted the cytosolic translocation of  
mitochondrial DNA, and the cytosolic accumulation 
of  mitochondrial DNA was mediated by NLPR3 
inflammasome and mitochondrial reactive oxygen species 
(ROS) in macrophages. The cytosolic mitochondrial DNA 
contributed to the secretion of  inflammatory cytokines 
IL-1β and IL-18, which take part in the inflammatory 
response.[43] Intratracheal administration of  extracellular 
mtDNA induces NLRP3 inflammasome activation, 
acute lung inflammation, and injury through TLR9, p38 
MAPK, and NF-κB pathways.[44] NLRP3 mRNA was 
upregulated in the lung tissue samples of  stable COPD 
patients compared to controls,[45] but this association 
was not confirmed in bronchial mucosa examined with 
immunohistochemistry.[46] NLRP3 inflammasomes were 
upregulated and activated in an in vitro model of  COPD 
exacerbation,[47] and clinical studies confirmed that systemic 
and local airway NLRP3 inflammasome activation is 
associated with acute exacerbation, suggesting that it might 
be a predictive factor of  outcomes in COPD patients.[48] 
In mice and L-132 alveolar epithelial cells, CS induced 
mitochondrial dysfunction, which activated the NLRP3 
inflammasome to mediate IL-1β and IL-18 release and a 
subsequent inflammatory response.[49] NLRP3 knockout 
protected mice from CS-induced airway inflammation, 
indicating that NLRP3 blockade might be a therapeutic 
strategy for COPD.[50] 

Mitochondrial DNA could also be recognized by another 
DNA-sensing pathway of  the innate immune system, 
the cGAS–STING axis that triggers a type I interferon 
response, which is important for COPD development.[14,17,34]  
As a DNA sensor, cGAS binds to mtDNA and promotes 
the recruitment of  STING protein, an endoplasmic 
reticulum–anchored cytosolic protein which triggers 
phosphorylation of  the transcription factor IRF-3. The 
activated IRF-3 mediates interferon (IFN) response and 
results in mitochondrial DNA-induced inflammatory 
responses.[51] The intracellular mitochondrial DNA can 
also induce the STING-mediated IFN response.[52,53] 
Exposure to CS triggers the DNA sensor cGAS and 
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STING, driving type I IFN-dependent lung inflammation, 
which is attenuated in cGAS, STING-deficient mice.[54] 
Another study reported that CS or CSE exposure alone 
inhibited STING expression, indicating that STING may 
play a protective role in preventing COPD progression.[55] 
Blocking the interaction between mitochondrial DNA and 
related PPRs may be a novel therapeutic method for COPD. 

Mitochondrial transcription factor A
TFAM is a nucleus-encoded protein that regulates the 
transcription and replication of  mitochondrial DNA, 
and growing evidence suggests that it plays a role in 
the regulation of  inflammation and oxidative stress.[56] 
However, few studies have investigated the potential role 
of  TFAM in COPD.

Peng et al. reported that TFAM mRNA and protein 
expression were downregulated in lung tissues from 
COPD patients with squamous cell lung cancer. TFAM 
protein levels are related to the lung function of  patients 
and pulmonary vascular endothelial cell apoptosis, and 
TFAM promoter methylation degree was increased in 
patients with COPD compared to non-COPD patients.[57] 
The same group found that TFAM mRNA and protein 
expression were downregulated in CSE-treated human 
umbilical vein endothelial cells due to TFAM promoter 
hypermethylation; their findings may provide a novel 
strategy for COPD by developing demethylation agents 
targeting TFAM.[58] Further mechanistic experiments 
revealed that TFAM promotor methylation is involved 
in Notch 1 and ERK-mediated CS-induced endothelial 
apoptosis.[59] Another study found that TFAM regulated 
renal inflammation through the modulation of  STING 
pathway.[60] Transcriptome analysis revealed that TFAM 
overexpression caused significant differentially expressed 
genes in human lung epithelial cells. TFAM-repressed genes 
were mainly enriched in type I IFN- and INF-γ–mediated 
signaling pathways, cytokine-mediated signaling pathway, 
and viral response pathways.[61] These results suggest that 
TFAM may take part in the regulation of  inflammation 
in COPD through various pathways. TFAM may be an 
important therapeutic target in COPD.

Adenosine triphosphate
ATP plays a critical role in cellular energetics and 
metabolism. Under physiologic and pathophysiologic 
conditions, ATP is released from cells, and induces a series 
of  immune responses and participates in the regulation of  a 
variety of  cellular functions. Many studies have investigated 
the role of  ATP in COPD.[62,63] 

COPD is characterized by persistent upregulation of  
extracellular ATP in the airways, as evidenced by increased 
ATP concentrations in bronchoalveolar lavage fluid (BALF) 

in both smokers and ex-smokers with COPD. Increased 
BALF ATP concentrations are negatively and positively 
correlated with lung function and BALF neutrophil counts, 
respectively, in patients with COPD. ATP induces stronger 
chemotaxis and elastase release in blood neutrophils and 
stimulates increased secretion of  proinflammatory and 
tissue-degrading mediators in airway macrophages from 
patients with COPD.[64] A recent study reported elevated 
plasma extracellular ATP concentration in COPD patients 
compared to controls, and increased levels were related to 
airway limitation severity (Global Initiative for Chronic 
Obstructive Lung Disease [GOLD] 2–4), symptom burden, 
and history of  exacerbations.[65] Extracellular ATP may 
become a diagnostic and prognostic biomarker of  COPD, 
as it seems helpful for evaluating patients’ condition, quality 
of  life, and disease progression.

Compared to healthy subjects, ATP induced more dyspnea, 
cough, and throat irritation in smokers and patients with 
COPD, suggesting a potential role of  ATP in COPD.[66] The 
effects of  ATP are mainly mediated through its interactions 
with ATP-recognizing receptors like P2Y2R or P2X(7)
R. Cicko et al. reported elevated endogenous pulmonary 
ATP levels in a smoke-induced mouse model, but ATP 
neutralization or nonspecific P2R blockade markedly 
reduced lung inflammation and emphysema, while P2Y(2)
R-deficient animals had reduced pulmonary inflammation 
following acute smoke exposure.[67] Studies from the same 
group revealed that selective intrapulmonary inhibition 
of  P2X(7)R attenuated CS-induced lung inflammation 
and prevented the development of  emphysema, while 
P2X(7)R knockout also protected mice from lung 
inflammation induced by acute CS exposure.[68] Airway 
mucus hypersecretion is an important feature of  COPD, 
and in vitro studies showed that dsRNA induces the release 
of  ATP that regulates the expression and release of  
MUC5AC, mainly via P2Y(2)R in an autocrine manner.[69]  
Another study found that ATP-mediated MUC5AC 
production in NCI-H292 cells was almost equally blunted 
by nonspecific and specific antagonists of  the purinergic 
receptor P2X(7)R, which mediated NLRP3 inflammasome 
activation by ATP.[70] The various ATP signaling pathways 
in airway inflammation and airway mucus hypersecretion 
are attractive targets for novel drug candidates that would 
improve COPD management.

Succinate
Succinate is a metabolic intermediate generated in 
mitochondria via the tricarboxylic acid cycle that plays 
an essential role in maintaining mitochondrial function. 
A recent study suggests that in addition to its crucial role 
in ATP production, succinate can also act as a DAMP 
and induce inflammation.[71] Another group reported that 
succinate may act as an inflammatory signal to regulate 
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hypoxia-inducible factor-1α (HIF-1α) signaling and 
promote macrophage-mediated inflammation.[72] However, 
a recent publication provided evidence that succinate can 
suppress secretion of  the inflammatory mediators IL-6, 
TNF, and nitric oxide (NO), as well as inhibit IL-1β mRNA 
expression in inflammatory macrophages.[73] How succinate 
elicits anti-inflammatory or proinflammatory responses 
remains a debatable topic.

Evidence for a role of  succinate in COPD is still limited. CS 
altered the metabotype of  basal cells in airway epithelium, 
and succinate was significantly decreased in basal cells from 
smokers.[74] Pseudomonas aeruginosa is typically associated with 
infection in patients with COPD. Using LPS as a surrogate 
for bacterial infection, mitochondria shunt succinate into 
the cytoplasm, which inhibits prolylhydroxylase activity 
and enables stabilization of  HIF-1α, which promotes IL-
1β production initiating a proinflammatory response.[72,75] 
Thus, the immunometabolite succinate is released during 
airway infection and contributes to potential airway 
inflammation caused by infection in COPD. A clinical 
study based on plasma metabolomics was conducted 
to investigate the differential expression of  metabolites 
between two COPD phenotypes: emphysema severity 
≥grade 2 without bronchial wall thickening and emphysema 
severity ≥grade 2 and bronchial wall thickening ≥grade 1.  
Plasma succinate levels were higher in the latter group, 
suggesting it as a potential biomarker role in COPD.[76] 
However, the understanding of  succinate in COPD 
inflammation remains unclear, so further studies should 
be performed to investigate its role in disease pathogenesis.

Heat shock protein 60
HSP60 is a major ATP-dependent mitochondrial 
chaperone, and previous studies have revealed that it serves 
an important role in the pathologies of  complex conditions 
such as cancer, heart diseases, neurodegenerative disorders, 
and multiple inflammatory diseases.[77,78] 

In 2011, Cappello et al. reported increased HSP60 
immunohistochemistry in the bronchial epithelium of  
subjects with severe/very severe COPD compared to 
control nonsmokers, and these values positively correlated 
with neutrophils.[79] A recent study reported higher 
intracellular levels of  HSP60 in COPD cases, and levels 
were increased in the GOLD1 group compared to the other 
severity groups, albeit without significance.[80] However, 
another group found no difference in HSP60 expression 
between subjects with COPD and controls.[81] 

A few studies have elucidated a potential role of  HSP60 
in regulating inflammation in COPD. HSP60 exerted 
proinflammatory properties in bronchial epithelial cells by 
upregulating IL-8 and downregulating IL-10 at mRNA and 

protein levels.[82] Oxidative stress is a hallmark of  COPD 
mucosa induced by H2O2 and could increase HSP60 levels 
through the regulation of  NF-κB in bronchial epithelial 
cells (16HBE), and HSP60 also has a role in maintaining 
inflammation.[79] CS induced the expression of  HSP60 in 
the COPD mouse model, which accelerated the TLR4–
MyD88–NF-κB signaling pathway and the NLRP3 
inflammasome and played a role in promoting COPD.[83] 

C. pneumonia is a common cause of  bacterial pneumonia 
and has been implicated in the pathogenesis of  COPD. 
As one of  the pathogenic components of  C. pneumonia, 
HSP60 causes significant lung inflammatory injuries.[84] The 
results of  these studies should prompt further work on 
more complex ex vivo or in vivo models to further elucidate 
the role of  HSP60 in COPD pathogenesis. These could 
be used to test efficacious anti-inflammatory therapies for 
COPD centered on HSP60.

Cytochrome c
Cytochrome c is released from the inner mitochondrial 
membrane into the cytoplasm under various stimuli and 
plays an important role in the regulation of  apoptosis 
and inflammation.[85] The potential association between 
cytochrome c and COPD has been investigated in several 
studies. 

Clinical studies revealed that cytochrome c releases are 
abnormal in the skeletal and respiratory muscles of  patients 
with moderate COPD, indicating that there is a systemic 
effect of  the disease.[86] Zhang et al. reported elevated 
plasma levels of  cytochrome c in patients with COPD 
compared to controls, and was associated inversely with 
forced expiratory volume (FEV)1% predicted and FEV 
in 1 s/forced vital capacity and positively with COPD 
Assessment Test score, but no correlations were found 
between cytochrome c levels and inflammatory biomarkers, 
pack-years, or body mass index.[87] Overall, the results 
suggest that cytochrome c may be a useful clinical 
biomarker of  COPD.

CS exposure has a significant effect on cytochrome c release. 
A previous study reported that CSE injection increased 
the expression of  cytosolic cytochrome c in mice.[88]  
CSE also caused a significant reduction in mitochondrial 
cytochrome c and an increase in cytosolic cytochrome 
c in the A549 airway epithelial cell line.[89] CSE-induced 
toxicity in the lung tissue is a result of  disruption of  
the mitochondrial respiratory chain that leads to ROS 
formation, lipid peroxidation, and cytochrome c expulsion, 
all of  which contribute to apoptosis signaling and cell loss.[90]  
Collectively, these findings suggest that CS-induced 
abnormal cytochrome c release is a systemic mechanism 
occurring early during the course of  the COPD that 
contributes to disease pathogenesis.
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Reducing cytochrome c release may provide a protective 
effect against CS-induced airway inflammation and 
mucus hypersecretion. Our team’s studies confirmed 
these findings, and CS exposure significantly increased 
the amount of  cytochrome c released into the cytosol in 
the lungs of  mice. Notably, treatment with mitochondria-
targeted mitoquinone and mitochondria-targeting 
antioxidant SS-31 significantly reduced cytochrome c 
release and attenuated CS-induced thickening of  the airway 
epithelium, peribronchial inflammatory cell infiltration, 
goblet cell hyperplasia, and Muc5ac staining.[91,92] Targeting 
cytochrome c may, therefore, be a novel  therapeutic 
opinion for COPD.

NFPs and related receptors
NFPs are in the mitochondrial membrane and can be 
released into the extracellular milieu after cell membrane 
rupture or around dying cells. NFPs trigger similar sterile 
immune responses and function to attract neutrophils 
to the sites of  inflammation where they work in concert 
with TFAM to activate inflammatory cells, contributing 
to various conditions including systemic inflammatory 
response syndrome, sepsis, and acute respiratory distress 
syndrome.[93-95] Our team found that NFPs released upon 
intratracheal challenge caused neutrophil accumulation 
in the alveolar space with elevated BALF levels of  
mouse keratinocyte chemoattractant, IL-1β, and NO, 
all of  which induce inflammatory lung injury in mice.[96] 
After stimulation with N-formyl-l-methionyl-l-leucyl-l-
phenylalanine (fMLP), neutrophils isolated from peripheral 
blood of  smokers and patients with COPD showed an 
increased response on oxidative burst, chemotaxis, and 
elastase release.[97] Mice treated with fMLP instillation 
developed emphysema changes, airway inflammation, 
and goblet cell metaplasia in the lung.[97,98] Wenceslau et 
al. found that NFPs induced concentration-dependent 
contractions in the trachea, bronchi, and bronchioles, while 
intratracheal challenge with NFPs increased neutrophil 
elastase expression in the lung and enhanced inducible NO 
synthase in all airway segments.[99] This evidence suggests 
a potential role of  NFPs in obstructive and inflammatory 
lung diseases like COPD. 

The action of  NFP is mainly mediated through interaction 
with formyl peptide receptors (FPRs); these G protein-
coupled receptors transduce chemotactic signals and mediate 
host defense as well as inflammatory responses.[100,101]  
Among the three human FPRs (FPR1, FPR2, and FPR3), 
FPR1 and FPR2 are drawing increasing attention.

Formyl peptide receptor 1
FPR1 is a member of  the FPR family and potentially a key 
receptor within the inflammatory process.[102] NFPs bind to 
FPR1 on the neutrophil membrane, desensitizing FPR1 and 

other GPCRs via internalization of  the receptors, followed 
by cell chemotaxis and the inflammatory process.[102,103] 
Our previous study confirmed that mitochondrial DAMPs 
activated FPR1 and exacerbated lung fluid imbalance in an 
experimental acute lung injury model.[104] Mitochondrial 
DAMPs from fractures also take part in pulmonary immune 
responses through the modulation of  FPR1,[105] suggesting 
their potential roles in inflammatory lung diseases. FPR1 
knockout confers protection from CS-induced lung 
emphysema in mice, while administration of  the FPR1 
antagonist cyclosporine H to wild-type mice attenuated 
lung inflammatory responses evoked by CS.[106] Our study 
also confirmed that FPR1 knockout attenuated several 
changes induced by CS exposure, including significant lung 
inflammatory changes, and a transcriptomic gene study 
showed that such effects may be mediated by immune-
chemotaxis responses and inhibition of  NF-κB activation.[107] 
Current findings suggest that airway inflammation persists 
even after smoking cessation, but the FPR1 antagonist 
cyclosporin H given after cessation led to a significant 
reduction of  neutrophil migration in BALF compared 
to untreated mice exposed to CS for 4 months.[108]  
Less neutrophilic inflammation with FPR1 antagonists after 
cigarette cessation strongly suggested an important role of  
FPR1 signaling in modulating the inflammatory response 
after lung injury was already present. These findings may 
have clinical significance because current smokers and 
subjects with emphysema and COPD showed increased 
FPR1 expression, indicating that FPR1 modulation should 
be explored as a potential new therapy.

Formyl peptide receptor 2
FPR2 also plays an important role in inflammation 
regulation, and NFPs are well recognized as ligands of  
FRP2.[100,101,109] FPR2 expression on Th/Tc cells and serum 
annexin A1 (an endogenous FPR2 ligand) levels were 
both decreased in COPD patients compared to healthy 
nonsmokers, and FPR2 expression on neutrophils was 
also decreased in COPD patients with a frequent history 
of  moderate exacerbation (≥2 events in the past 1 year).[110] 
The results suggest that defective FPR2 is associated with 
decreased M2a macrophage polarization and might be 
involved in the development of  CS-induced inflammation 
and persistent airflow limitation in COPD.[110] Enhancing 
the expression and function of  FRP2 may be a therapeutic 
target of  COPD.

The endogenous FPR2 ligand resolvin-D1 has been 
shown to have therapeutic potential for CS-induced airway 
inflammation. Resolvin-D1 suppressed the production 
of  proinflammatory mediators by primary human cells, 
and concurrent treatment of  mice with resolvin-D1 
and CS exposure significantly reduced neutrophilic lung 
inflammation, proinflammatory cytokine production, and 
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anti-inflammatory cytokine upregulation.[111] In another 
animal study, resolvin-D1 significantly attenuated CS-
induced lung destruction in emphysema models and 
reduced CS-induced inflammatory cell infiltration that 
causes the structural derangements that characterize 
emphysema.[112] The endogenous FPR2 ligand annexin 
A1 shows anti-inflammatory features and is also involved 
in COPD. The annexin A1 mimetic peptide Ac2-26 
protected against leukocyte influx in BALF and reduced 
proinflammatory mediator levels in BALF in a rat model 
of  COPD.[113] These studies suggest that resolvin-D1 and 
annexin A1 mimetic peptide have potent anti-inflammatory 
roles in cells or rodents exposed to CS, indicating that FPR2 
modulation has strong potential as a novel therapeutic 

approach to COPD. The overview of  mitochondrial 
DAMPs in COPD is shown in Figure 1.

PERSPECTIVES

Role of mitochondrial DAMPs as COPD biomarkers
The precise evaluation of  COPD patients remains a clinical 
challenge, and there is an active search to find a novel 
and reliable biomarker of  COPD. Endostatin, CXCL5, 
and syndecan-1 have been reported as possible COPD 
biomarkers, and the main associations between these markers 
are lung function and systemic inflammation.[113-115] Limited 
studies have discussed the potential role of  mitochondrial 
DNA cytochrome c as a biomarker of  COPD. However, 

Figure 1: Overview of mitochondrial damage-associated molecular patterns in chronic obstructive pulmonary disease. ATP: adenosine triphosphate; cGAS:
cyclic GMP–AMP synthase; FPR: formyl peptide receptor; HSP60: Heat shock protein 60; NFPs: N-formyl peptides; STING, stimulator of interferon genes; 
TFAM: mitochondrial transcription factor A; TLR9: Toll-like receptor 9.
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the role of  mitochondrial DAMPs in COPD diagnosis, 
evaluation of  lung function, prediction of  exacerbation 
risk, mortality, airway and systemic inflammation, clinical 
phenotype, treatment response, and clinical prognosis has 
not been fully examined, and further studies should be 
performed to determine the role of  mitochondrial DAMPs 
as a biomarker of  COPD.

COPD treatment based on mitochondrial 
DAMPs and related signal pathways
Therapeutically targeting mitochondrial DAMPs and their 
signaling pathways is a promising COPD treatment avenue. 
There are several different approaches, some of  which 
are as follows: to prevent the leak of  proinflammatory 
mitochondrial DAMPs into the cytosol or the extracellular 
space, remove existing mitochondrial DAMPs to 
prevent mitochondrial dysfunction, and protect the 
mitochondria from CS insults and maintain the normal 
organelle function. Mitochondria-targeted mitoquinone, 
the mitochondria-targeting antioxidant SS-31, and 
other mitochondria-targeted agents that can ameliorate 
mitochondrial dysfunction and improve the eliminating 
of  damaged mitochondria may be promising drugs for 
COPD.

Blocking the receptors that interact with mitochondrial 
DAMPs has also shown great potential for COPD 
therapy. Based on previous studies, modulation of  TLR9, 
NLRP3 inflammasomes, STING, FPR1, and FPR2 shows 
potential therapeutic effects for COPD. Even so, we have 
not searched related therapeutic clinical trials based on 
mitochondrial DAMPs and related receptors for COPD. 
There is still a long road from basic research to clinical 
use, and further work should be carried out to investigate 
the effects of  novel therapeutic agents that modulate 
mitochondrial DAMPs and related signal pathways.

CONCLUSIONS

Numerous studies suggest that the risk factors of  COPD, 
like CS, can cause mitochondrial injury and the release 
of  mitochondrial DAMPs, which combined with their 
receptors cause inflammation and contribute to COPD 
pathogenesis through a series of  mechanisms. Further work 
should be performed to investigate the detailed mechanism 
of  mitochondrial DAMPs in COPD and develop novel 
drugs for COPD based on mitochondrial DAMPs and 
related signaling pathways. 
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