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Summary 
Idiopathic inflammatory myopathies (IIMs) are a group of systemic autoimmune diseases characterized by immune-mediated muscle injury. 
Abnormal neutrophil extracellular traps (NETs) can be used as a biomarker of IIM disease activity, but the mechanism of NET involvement in IIMs 
needs to be elucidated. Important components of NETs, including high-mobility group box 1, DNA, histones, extracellular matrix, serum amyloid 
A, and S100A8/A9, act as damage-associated molecular patterns (DAMPs) to promote inflammation in IIMs. NETs can act on different cells to 
release large amounts of cytokines and activate the inflammasome, which can subsequently aggravate the inflammatory response. Based on 
the idea that NETs may be proinflammatory DAMPs of IIMs, we describe the role of NETs, DAMPs, and their interaction in the pathogenesis of 
IIMs and discuss the possible targeted treatment strategies in IIMs.
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Abbreviations: cIIMs: idiopathic inflammatory myopathies; DAMPs: damage-associated molecular patterns; ECM: extracellular matrix; fDNA: cell-free DNA; 
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Introduction
Idiopathic inflammatory myopathies (IIMs) are a group of 
autoimmune diseases characterized by symmetrical proximal 
muscle weakness and muscle enzyme elevation, which can 
also affect multiple organs, including the lung, heart, skin, 
gastrointestinal tract, and joints [1]. As a rare complex con-
nective tissue disease, the exact pathogenesis is unknown, and 
clinical diagnosis and treatment are challenging [2, 3]. In re-
cent years, studies have found that neutrophil dysregulation 
is a causative factor of IIMs [4, 5]. Neutrophil extracellular 
traps (NETs), as a disease activity biomarker [6, 7], play an 
important role in the pathogenesis of IIMs. However, the 
mechanism of how NETs participate in the occurrence and 
development of IIMs still needs to be explored.

Neutrophils are the most abundant white blood cells in the 
human body and can timely and effectively remove invading 
pathogens and necrotic tissues, promote damage repair, and 
maintain the body’s homeostasis. They are the first line of 
defense against infection [8, 9]. Initially, neutrophils were 
thought to capture and kill invading pathogens through nec-
rotizing apoptosis and phagocytosis, but it was later shown 
that the release of NETs is a crucial mechanism to elim-
inate pathogens. When the body receives a certain stimulus, 

neutrophils spontaneously form a network of deoxyribo-
nucleic acid (DNA)-based proteins, consisting of histones, 
myeloperoxidase (MPO), neutrophil elastase, antimicrobial 
peptide LL-37, matrix metalloproteinase 9 (MMP9), and 
other granular proteins, which can eliminate invading patho-
gens. This process is also known as NETosis [10–13]. The 
ability to capture pathogens and enhance host defenses is 
unquestionable to NETs. Yet, excessive activation and inad-
equate degradation of NETs can exacerbate the inflammatory 
response and tissue damage and cause autoimmune diseases, 
such as IIMs [14–16]. NETosis facilitates the release of nu-
clear contents into the extracellular space, a process similar to 
damage-associated molecular patterns (DAMPs).

DAMPs are endogenous molecules that initiate and en-
hance the noninfectious inflammatory response. DAMPs are 
released into the extracellular environment during sterile 
or infectious tissue damage and interact with the pattern-
recognition receptors (PRRs), such as Toll-like receptors 
(TLRs) and nucleotide-binding oligomerized domain-like 
receptor proteins 3 (NLRP3) inflammasome. By activating 
the innate immune cells, including neutrophils, tissue macro-
phages, and dendritic cells, DAMPs trigger the innate im-
mune response and defend against external danger signals. 
However, they also promote a pathological inflammatory 
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response, leading to the development of various autoimmune 
diseases [17–19]. With the deepening of relevant research, the 
number of DAMPs has gradually increased, mainly including 
high-mobility group protein B1 (HMGB1), cell-free DNA 
(cfDNA), histones, and mitochondrial DNA (mtDNA) [20]. 
Interestingly, most of the important NET components or sub-
stances closely associated with NETs are DAMPs and are in-
volved in the pathogenesis of IIMs, suggesting that a clear 
understanding of NETs, DAMPs, and their interactions is 
critical to unravel the pathogenesis of IIMs and guide novel 
treatments (Figure 1).

NETs in IIMs
Abnormal formation of NETs in IIMs
Our research team previously used IIMs patients’ plasma to 
induce NET formation and degrade NETs in vitro and found 
that NETs excessively formed and cannot be degraded com-
pletely in IIMs patients, especially in patients with intersti-
tial lung disease (ILD). We further found that NETs could 
not be completely degraded by patients’ plasma due to the 
reduction of DNase I activity [21]. Another study showed 
that the serum NET levels in anti-melanoma differentiation-
associated gene 5 (MDA5)-positive patients with rapidly 
progressive interstitial lung disease (RP-ILD) was signifi-
cantly higher than that of patients without RP-ILD, and the 
serum of anti-MDA5 antibody-positive patients could in-
duce normal neutrophils to form NETs [22]. Recent studies 
have shown that NETs not only are related to the disease 
activity of IIMs but also can serve as biomarkers [6, 23]. 
These results suggest that the abnormal formation and accu-
mulation of NETs are involved in the pathogenesis of IIMs 
and maybe a possible factor in the occurrence and develop-
ment of ILD.

Detrimental effects of NETs in IIMs
NETs can activate the innate immune system and induce sev-
eral inflammatory mediators. When NETs cause cell damage, 
the inflammatory reaction may be more severe, with more 
inflammatory mediators. In autoimmune diseases, such as 
IIMs, the DNA of NETs can combine with antibacterial pep-
tide LL-37 to form a complex, which can activate dendritic 
cells and promote them to produce interferon-alpha (IFN-α), 
interleukin-6 (IL-6), and other cytokines to initiate adaptive 
immunity and cause an autoimmune response [24].

To assess the effect of NETs on the proliferation ability of 
muscle cells and the viability of myotubes in IIMs patients, 
cultured skeletal muscle cells stimulated with NETs isolated 
from IIMs patients showed significantly reduced viability of 
myotubes in a citrullinated histone-dependent manner [4]. 
These results suggest that NETs are closely related to the 
disease activity and muscle injury of IIMs, which also indi-
cates that NETs may play a pathogenic role in IIMs by dir-
ectly damaging muscle cells. Our research group previously 
found that NETs accelerated the proliferation of lung fibro-
blasts, as well as their differentiation into myofibroblasts in 
a TLR9-dependent manner. Finally, it was confirmed that 
NETs could induce IIM-related ILD through the TLR9-miR-
7-Smad2 pathway [25]. The isolated NETs interacted with 
alveolar epithelial cells and endothelial cells and results indi-
cated that the damage of NETs to cells was dose dependent, 
and the induced cytotoxicity could directly cause cell death. 
These results showed that most proteins in NETs were in-
volved in NET-mediated cytotoxic effects on epithelial and 
endothelial cells, in which histones played an important role 
[26]. Recent studies have suggested that after the abnormally 
formed NETs act on epithelial and endothelial cells, the cells 
lose their original characteristics and acquire the morph-
ology and characteristics of mesenchymal cells, eventually 

Figure 1. NETs may be proinflammatory DAMPs of IIMs. Important components of NETs, including high-mobility group box 1, DNA, histones, 
extracellular matrix, serum amyloid A, and S100A8/A9, act as DAMPs to promote inflammation in IIMs. NETs can act on different cells to release large 
amounts of cytokines and activate the inflammasome, which can subsequently aggravate the inflammatory response. Based on the idea that NETs may 
be proinflammatory DAMPs of IIMs, we describe the role of NETs, DAMPs, and their interaction in the pathogenesis of IIMs and discuss the possible 
targeted treatment strategies in IIMs.
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transforming into myofibroblasts and causing extracellular 
matrix deposition. In other words, NETs can induce epithelial 
and endothelial mesenchymal transformation to accelerate 
the development of ILD [27, 28].

DAMPs closely related to NETs in IIMs
High-mobility group box 1
A new group of chromatin-related proteins, called “high-
mobility histone” proteins, such as high-mobility group box 
(HMGB), were discovered in calf thymus in 1973. HMGB1, 
which is a highly conserved, non-histone, nuclear protein 
that can be released by activated or necrotic cells, plays an 
important role in various inflammatory reactions, as well 
as congenital and adaptive immunity [24]. It is also the first 
known DAMP. Previously, it was discovered that incubating 
neutrophils with HMGB1 increased the release of DNA and 
histone 3, the citrullination of histone 3, and the formation 
of NETs. Moreover, this study also showed that the lack of 
TLR4 would reduce the ability of neutrophils to produce 
NETs, indicating that the interaction between HMGB1 and 
TLR4 promoted the formation of NETs [29–31]. In a study 
of liver ischemia and reperfusion, it was found that HMGB1 
and histone can also stimulate the formation of NETs through 
the TLR9-MyD88 signaling pathway [32]. The proteolysis of 
HMGB1 mediated by neutrophil elastase DNA may promote 
the activity of extracellular HMGB1 [33]. Several studies have 
shown that HMGB1 is involved in multiple autoimmune dis-
eases, such as rheumatoid arthritis (RA), systemic lupus ery-
thematosus (SLE), and systemic sclerosis. Increasing studies 
have found that HMGB1 plays an important role in the de-
velopment of IIMs [34–37].

One study found that the level of serum HMGB1 in IIMs 
patients, especially in IIM patients with ILD, was significantly 
higher than that in the healthy control group, and was also a 
prognostic indicator of patient survival [38]. The expression 
of HMGB1 was found in muscle biopsies of IIMs patients 
at the early stage [39], and high-dose prednisolone could 
downregulate the abnormal expression of HMGB1 [40]. In 
1986, it was reported that IFN-I and IFN-II were found in 
muscle biopsies of IIMs, and proinflammatory cytokine IFN-γ 
(IFN-II) stimulation is related to the pathogenesis of IIMs [38, 
41]. When myocytes were stimulated with IFN-γ in vitro, it 
was found to increase HMGB1 expression and promote its 
translocation into the myoplasm. Then HMGB1 induced re-
versible MHC I expression in myocytes, which is a major 
histopathological feature of IIMs. In addition, HMGB1 ex-
pression was increased in the myofibers of patients with IIMs 
in the early stages of the disease compared to MHC I [41, 42]. 
These results suggest that HMGB1 may be the initial step in 
the pathogenesis of IIMs, which can directly lead to muscle 
weakness. However, this does not rule out the possibility that 
HMGB1 overexpression may participate in the development 
of ILD in patients with IIMs.

cfDNA and mitochondria DNA (mtDNA)
DNA plays an important role in genetic regulation. However, 
when extracellular DNA from dead cells enters another cell, 
DNA can interact as DAMPs with PRRs, which recognize 
bacterial and viral DNA in cells, to trigger an immune re-
sponse [43]. In addition to viral, bacterial, and host cfDNA, 
mtDNA is another source of extracellular DNA that has been 
shown to be a DAMP [44, 45]. Mitochondria can release 

DAMPs into the extracellular space during cell activation or 
death, including proteins, mtDNA, and lipids, that can induce 
inflammatory response and participate in the pathogenesis of 
various diseases [46].

Our research team found that the plasma concentration 
of cfDNA in the IIM patients was significantly higher than 
that in healthy controls, and the cfDNA was higher in pa-
tients with ILD than in those without ILD [21]. A subsequent 
study found that the concentration of cfDNA was more ob-
vious in those who were anti-MDA5 antibody-positive [22]. 
Recent studies have also evaluated the association between 
single nucleotide polymorphisms in mtDNA copy number 
with the disease risk of IIM in vivo, suggesting the mtDNA 
copy number mediates mitochondrial dysfunction and may 
precede the onset of IIMs [47]. In a rat model, mtDNA was 
found to induce systemic inflammatory response syndrome 
and lung injury by activating the TLR9/NF-κB signaling 
pathway and inducing proinflammatory cytokine production 
[48]. Additionally, the antimicrobial peptide LL-37 enhances 
the binding of DNA to receptors and promotes the secretion 
of interferon and inflammatory cytokines, such as IL-12 and 
IL-23, by dendritic cells, thus promoting an inflammatory re-
sponse [49]. While the above studies suggest that cfDNA and 
mtDNA are involved in the pathogenesis of IIMs, the specific 
role of cfDNA and mtDNA as important DAMPs in the de-
velopment of various diseases still needs to be explored.

Histones
Histones, including core histones H2A, H2B, H3, H4, and 
junctional histone H1, are positively charged nuclear proteins. 
Core histones can form the basic structural unit of chromatin 
nucleosomes with eukaryotic DNA and play an important 
role in packaging of eukaryotic DNA and gene expression 
regulation. Histones in blood circulation are mainly derived 
from apoptosis, necrosis, and NETs [50, 51]. When neutro-
phils are stimulated, peptidylarginine deiminase 4 (PAD4) 
makes histone citrullination, which weakens the binding of 
DNA to histones, depolymerizes chromatin, and finally expels 
histones and other substances out of the cell [10, 52]. Once 
released into the blood circulation, these free histones will 
cause cytotoxicity and immunostimulatory effects [53, 54].

Histones released into the extracellular space can directly 
interact with TLR2 and TLR4, inducing the production of 
cytokines and tissue damage [55–57]. Recently, it has been 
found that endogenous histones play the role of DAMPs via 
TLR9 in mouse models of liver ischemia/reperfusion injury, 
thus causing inflammation [58]. NLRP3 knockout leads to 
reduce histone-induced interleukin-1 beta (IL-1β) production 
and neutrophil recruitment in mice, suggesting that extracel-
lular histones trigger innate immunity through activation of 
the NLRP3 inflammasome [59, 60]. Finally, histones can pre-
vent the degradation of extracellular DNA, thus promoting 
autoimmunity, anti-nuclear antibody formation, and auto-
immunity of susceptible individuals, such as SLE, RA, and 
other autoimmune diseases [61–63].

Our research group found that histone 3 participated in 
the pathogenesis of IIMs with ILD by promoting the pro-
liferation of lung fibroblasts and their differentiation into 
myofibroblasts [25]. In vitro, the extracellular histones are 
cytotoxic to endothelial cells, and the mechanism underlying 
damage to endothelial cells may be that elevated plasma his-
tones can induce Ca2+ influx into vascular endothelial cells, 
leading to intracellular Ca2+ overload, endothelial cell death, 
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and vascular dysfunction, even though an influx of Ca2+ 
does not cause vasodilation [64, 65]. Based on the available 
studies, we can determine that histones are involved in the 
pathogenesis of IIMs, especially in the pathogenesis of IIMs-
complicated ILD, but the exact mechanism is not fully under-
stood.

Extracellular matrix
Extracellular matrix (ECM) is a noncellular, dynamic struc-
ture that exists in all tissues. The ECM, which consists of 
an interstitial matrix and basement membrane, provides 
tissue integrity and elasticity while continuously remodeling 
to maintain tissue microenvironment stability, thereby 
playing an important role in immune regulation [66–68]. 
ECM components, such as hyaluronic acid, fibrinogen, and 
fibronectin, interact with PRRs as DAMPs to induce the re-
lease proinflammatory mediators, such as IL-1β and tumor 
necrosis factor-alpha (TNF-α), and increase the expression 
of chemokines to promote various pathophysiological devel-
opments in vivo [69–71]. For example, abnormal deposition 
of ECM has been observed in autoimmune diseases, such as 
systemic sclerosis, primary Sjogren’s syndrome [72–74], and 
fibrosis [75].

Neutrophils can provide matrix metalloproteinases 
(MMPs) and produce NETs to mediate ECM remodeling. 
The ECM can also drive disease progression by regulating 
the function of neutrophils [76, 77]. Both the presence of the 
ECM and interaction between the ECM and neutrophils are 
important mechanisms of inflammation. Although there are 
no clear studies on the role of ECM in IIMs at this stage, 
several studies have shown that ECM occupies an important 
position in the development of other autoimmune diseases. 
Therefore, ECM has great potential research value in the 
pathogenesis of IIMs.

Serum amyloid A and S100A8/A9
Serum amyloid A (SAA) is an acutely reactive protein pro-
duced mainly by hepatocytes and adipocytes, which can 
increase by up to 1000 times in the acute phase of inflam-
mation compared to normal conditions [78, 79]. Increasing 
evidence has shown that SAA is a reliable biomarker for 
monitoring the disease activity of various autoimmune dis-
eases [80], including RA [81, 82], systemic sclerosis [83], and 
SLE [84]. A recent study found that SAA1 activates neutro-
phils and macrophages isolated from the peripheral blood 
of asthmatic patients, and releases NETs and other related 
proinflammatory cytokines [85].

S100A8/A9 are two important members of the calcium-
binding protein S100 family. Almost half of the intracellular 
proteins in neutrophils are composed of S100A8 and S100A9, 
which are released extracellular as DAMPs during NET for-
mation, accelerating the production of proinflammatory 
cytokines [86]. At the same time, S100A8/A9 can also pro-
mote the formation of NETs by activating the TLR4/re-
active oxygen species signaling pathway [87]. Recently, it 
was found that S100A8/A9 is highly expressed in a variety 
of diseases, especially autoimmune diseases, such as SLE 
and RA [88–90]. The levels of S100A8/A9 in the serum of 
IIM patients with ILD were found to be significantly higher 
than that of the healthy control group and closely related to 
IL-4, IL-6, IL-10, and other cytokines. Thus, S100A8/9 may 
be valuable predictors for evaluating the clinical severity of 
IIMs with ILD [91].

At present, studies on SAA and S100A8/A9 are mostly fo-
cused on RA. However, based on the existing studies, it is 
reasonable to speculate that SAA and S100A8/A9 play an im-
portant role in the pathogenesis and clinical course of IIMs. 
Future studies are also needed to further validate the value of 
SAA and S100A8/A9 in monitoring patients with IIMs.

Treatment strategy based on NETs as DAMPs 
in IIMs
According to the idea that NETs may be new DAMPs, PRRs, 
such as TLRs and NLRP3 inflammasome, may be important 
therapeutic targets for IIMs. Our group previously found 
that hydroxychloroquine can inhibit the formation of NETs 
via TLR9, and the TLR9 agonist CpG-ODN can reverse the 
inhibition of NETs formation by hydroxychloroquine [92]. 
Recent studies have also suggested that NETs are formed 
after stimulation of TLR4 by lipopolysaccharide and that in-
hibition of TLR4 can reduce NETs formation [93]. It has been 
reported that NETs formation can be reduced by gene silen-
cing of the NLRP3 inflammasome or by the addition of the 
NLRP3 inflammasome inhibitor MCC950 [94]. In a murine 
fibrosis model, a PAD4 inhibitor or Pad4 gene knockout re-
duces fibrosis and inflammation [95].

Colchicine is an effective anti-inflammatory drug with 
growing evidence to indicate the therapeutic value in patients 
with gouty arthritis, coronavirus disease 2019 (COVID-
19), and coronary disease [96]. Colchicine has been shown 
to act by restoring cytoskeletal dynamics, thus inhibiting 
inflammasome activation and NETosis [97, 98]. Colchicine 
also has anti-fibrotic activities and various effects on endothe-
lial function [99]. However, its effects in IIMs have not been 
explored. Our research group found that low-dose colchicine 
can alleviate the occurrence of ILD in an experimental auto-
immune myositis mouse model (unpublished results), and we 
are conducting a clinical study to investigate the efficacy and 
safety of colchicine in the treatment of anti-MDA5-DM pa-
tients with ILD (Registration number: ChiCTR2200067219).

At present, the targeted therapies for IIMs mainly inhibit 
the formation of NETs, but for patients with formed NETs 
in vivo, promoting the elimination of DAMPs is a new poten-
tial therapeutic strategy. More valuable therapeutic methods 
that specifically target the NLRP3 inflammasome need to be 
further explored, with a particular focus on the emerging role 
of colchicine.

Conclusion
Research on the pathogenesis of IIMs continues to be a chal-
lenge. Only by exploring the specific mechanism can we ob-
tain a better understanding of the disease, reduce the delay of 
clinical diagnosis and treatment, and improve the prognosis of 
IIM patients. In this review, we focused on the role of DAMPs 
and NETs in IIMs and the relationship between them. At this 
stage, it can be determined that NETs and DAMPs play a 
significant role in the pathogenesis and pathological mech-
anism underlying IIMs. NETs contain many active DAMPs 
molecules, such as cfDNA, mtDNA, and histones. In addition, 
there are other DAMPs closely related to NETs, like HMGB1, 
ECM, and SAA. Increasing evidence supports the assumption 
that NETs are a new type of DAMP that may directly or in-
directly promote the development of IIMs. Future research 
in this field has great value, and the impact of NETs and 
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DAMPs on IIMs will be gradually discovered. In conclusion, 
we reviewed the role and possible relationship between NETs 
and DAMPs in IIMs and proposed a new concept suggesting 
NETs might be a new DAMP. Further investigation into NETs 
in IIMs may increase and update our understanding of this 
disease process.
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