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Extracellular mitochondrial DNA promote NLRP3 inflammasome
activation and induce acute lung injury through TLR9 and NF-xB
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Background: Extracellular mitochondrial DNA (mtDNA) was demonstrated to be capable of inducing
pulmonary inflammation through TLR9 while its role in NLRP3 inflammation activation remains unknown.
Methods: C57BL/6 mice were challenged intratracheally with mtDNA. Pulmonary pathology, the NLRP3
and caspase-1 p20 in lung tissues were assayed. PMA-primed THP-1 macrophages were incubated with
mtDNA in vitro and cell-free medium were concentrated to detect caspase-1 p20 subunit and NLRP3 by
Western blotting. Additionally, IL-1p, L-18, TNF-a and caspase-1 activity in culture were also analyzed by
ELISA kits and activity assay kit.

Results: Intratracheal administration of mtDNA increased NLRP3 and caspase-1 p20 subunit in lung
together with excessive inflammation and damage. Inhibition of caspase-1 substantially diminished mtDNA-
induced lung injury and inflammation. Exposed to mtDNA in THP-1 macrophages resulted in significant
up-regulation of NLRP3 and increased caspase-1 p20 subunit release in culture. It also led to significant
increased transcripts of NLRP3, ASC, caspase-1 and release of IL-1B, IL-18 and TNF-o in culture media.
Futhermore, mtDNA exposure resulted in significant up-regulation of phosho -p38 MAPK and nucleus
translocation of NF-kB. mtDNA-induced Transcripts of NLRP3 and ASC were inhibited by p38 siRNA
inhibitor or NF-kB inhibitor.

Conclusions: Extracellular mtDNA promote NLRP3 inflammasome activation, acute pulmonary
inflammation and injury through TLR9, p38 MAPK and NF-«B pathways.

Keywords: mtDNA; NOD-like receptor family, pyrin domain containing 3 (NLRP3); acute lung injury (ALI);
p38 MAPK; NF-xB
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Introduction

Acute lung injury (ALI) and acute respiratory distress
syndrome (ARDS) are common and severe pulmonary
critical illness characterized by excessive pulmonary
inflammation and dysfunction (1,2). The NOD-like
receptor family, pyrin domain containing 3 (NLRP3)
inflammasome is a multiprotein complex orchestrating

© Journal of Thoracic Disease. All rights reserved.

innate immune response. In recent years, NLRP3
inflammasome and downstream caspase-1 activation are
shown to play a critical role in ALI caused by numbers of
etiology including hemorrhagic shock, lipopolysaccharide
(LPS) and mechanical ventilation (3-5). Therapies targeting
caspase-1 shows great potential in critical diseases like

sepsis (6). However, quite less is known about the causes of
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NLRP3 inflammasome activation in ALI, especially caused
by non-infectious factors.

Activation of NLRP3 inflammasome requires both
the initial inflammasome priming which serves to trigger
increased transcriptions of inflaimmasome components
and subsequent assembling of NLRP3, ASC and
procaspase-1 (7). It has been shown that numbers of
pathogen associated molecular patterns (PAMPs) were able
to promote NLRP3 inflammasome activation (8,9). Besides
PAMPs, damage associated molecular patterns (DAMPs)
including extracellular DNA were also able to facilitate
NLRP3 inflammasome activation and promote organic
inflammation and injury.

MtDNA, which contains high-frequency cytosine-
phosphate-guanine (CpG) repeats, was one of the
main components of mitochondrial DAMPs (10). The
capacity of intracytoplasmic mtDNA to trigger innate
immune responses through NLRP3 inflaimmasome was
identified (11) and our previous study has also proven that
mtDNA was able to induce pulmonary inflammation (12).
However, the potential ability of extracellular mtDNA
to induce NLRP3 inflammasome activation and its
mechanism has not been fully understood. Different from
intracytoplasmic mtDNA, extracellular mtDNA could not
serve as a ligand of NLRP3 but was able to interact with
TLRY and induce the activation of MAPKs and NF-«xB
(13,14). Our previous studies have indicated that serum
mtDNA was significantly increased in polytrauma patients
and extracellular mtDNA was able to induce aseptic
pulmonary inflammation and IL-1p production via TLR9
(12,15). In recent years, there has also been increasing
interests in clarifying the role of endogenous danger signals
in the development of inflammatory lung injury and ARDS/
ALI, especially in those caused by non-infectious causes
(14,16). Recently, it was shown that inhibition of TLR9
substantially diminished NLRP3 inflammasome activation and
inflammatory pancreatic injury in acute pancreatitis mouse
model (17). Although it has been demonstrated that TLR9
should be a key factor in the NLRP3 inflammasome activation
in aseptic organic inflammation and injury, the molecular
mechanism linking TLR9 and NLRP3 is still not clear and
this study was designed to investigate the role of extracellular
mtDNA in NLRP3 inflammasome activation in ALL

Methods

Ethylene-bis (oxyethylenenitrilo) tetraacetic acid (EGTA),
sucrose, 4-Morpholinepropanesulfonic acid (MOPS),
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phorbol 12-myristate 13-acetate (PMA) and protease
inhibitor cocktail were purchased from Sigma.
Belnacasan (VX-765) was obtained from Selleck.
Pyrrolidinedithiocarbamic acid (PDTC) nuclear and
cytoplasmic protein extraction kit, caspase 1 activity assay
kit, colorimetric TUNEL apoptosis assay kit and Histone
H3 antibody were obtained from Beyotime Co. Ltd.
(Shanghai, China). Anti-procaspase-1 and anti-cleaved
caspase-1 p20 antibody were purchased from Santa Cruz
Biotechnology, Inc. Anti-NLRP3/NALP3 antibody was
obtained from R&D Systems. Antibodies to p38 MAPK
and phospho-p38 MAPK (Thr180/Tyr182) were purchased
from Cell Signaling Technology. Antibodies to GAPDH,
Goat-anti-rabbit IgG-HRP, goat-anti-mouse IgG-HRP
were obtained from Vazyme Biotech Co. Ltd. (Nanjing,
China). Antibodies to NF-xB p65 subunit, ERK and
phospho-ERK, anti-B-actin antibody was obtained from
Abcam. Human IL-18/IL-1F4 ELISA kit was purchased
from R&D Systems and other ELISA kits were purchased
from MultiSciences Biotech Co. Ltd (Hangzhou, China).
RNA isolation kit was obtained from Tiandz (Beijing,
China) and SYBR Green Master Mix was obtained from
Vazyme Biotech (Nanjing, China). The small interfering
RNA (siRNA) targeting caspase-1, NLRP3, p38 MAPK and
TLRY and negative control siRNA were purchased from
GenePharma (Shanghai, China). Lipofectamine 2000 and
Opti-MEM I reduced serum medium were purchased from
Invitrogen Corporation (Carlsbad, CA, USA).

Mice and ethics statement

Healthy male C57BL/6 mice weighting 20-22 g and aging
7-8 weeks were purchased from Animal Feeding Center of
Yangzhou University (Yangzhou, China). Animal cares were
in accordance with the Institutional Animal Care and User
guidelines. All the experimental processes were approved by
the Model Animal Research Centre of Jingling Hospital.

Cell line, culture, transfection and differentiation

THP-1 human monocytes were obtained from American
Type Culture Collection (ATCC). THP-1 cells were
cultured in RPMI 1640-HEPES containing 100 U/mL
penicillin/streptomycin and 10% fetal bovine serum and
incubated at 37 °C in a CO, incubator according to the
supplier’s guidelines. The siRNA transfection of THP-
1 cells was conducted by using Lipofectamine 2000
according to the manufacturer’s recommended protocol
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(Invitrogen Corporation). Briefly, THP-1 cells were seeded
at a density of 5x10° cells/mL in 10-cm dishes in 12 mL of
non-antibiotic growth medium. The Lipofectamine 2000
and siRNA solution were separately prepared in 1.5 mL
of Opti-MEM I reduced serum medium and were then
mixed and incubated for 20 minutes at room temperature
to generate the siRNA-Lipofectamine complex. Nextly, the
mixed solution was added to THP-1 cells to a final siRNA
concentration of 50 nM and THP-1 cells were incubated
in six-well plates at 37 °C. The knockdown efficiency was
verified 36 to 72 h after transfection. For macrophage
differentiation, THP-1 cells were plated at 1x10° cells/
well in six-well plates by exposure to 100 ng/mL PMA for
24 h with no FBS. The differentiated, plastic-adherent cells
were washed twice with RPMI 1640 and allowed to rest for
6 hours with fresh complete medium before exposure to
various stimulators.

mtDNA preparation

Mitochondrial DNA was extracted from the isolated
mitochondria pellets of THP-1 cells and fresh mice liver in
accordance with previous reported protocol by Christian
Frezza (18). DNA purity, mtDNA purity and endotoxin
pollution was detected as shown in our previous study (12).
MtDNA extracted from THP-1 cells was used in the in vitro
experiment while the mtDNA extracted from mice liver was
applied to animal experiment.

Animal procedures

C57BL/6 mice were randomly divided into four
groups with 12 animals per group. All of the mice were
anesthetized by intraperitoneal pentobarbital sodium
(3 mg/kg) and placed in supine with head tilted back.
The intratracheal administration of PBS or mtDNA
(3 mg/kg) in a volume of 60 pL was performed by a
microsprayer (Penn-Century, USA). For a subset of this
experiment, mice were intraperitoneally pretreated with
Belnacasan (VX-765) (30 mg/kg) or PBS for 2 h before
mtDNA exposure. All of the mice were sacrificed 6 h after
intratracheal administration. Lungs were harvested from
six mice and bronchoalveolar lavage fluid (BALFs) were
harvested from the other six mice in the same group. The
larger left lobe was fixed in 4% paraformaldehyde for
histological analysis, the middle right lobe was weight and
dried to test Wet/Dry ratio and the remaining lung lobes
were separately stored at —80 °C. Another 12 mice were
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untreated shams (Control) and were immediately sacrificed
following tracheal intubation procedure and lungs and
BALFs were also harvested as stated above. BALFs were
obtained by the method as previous described (19).

THP-1 macrophage stimulation process

Differentiated THP-1 macrophages were exposed to
mtDNA (20 pg/mL) or PBS. For the inhibition studies,
THP-1 macrophages were pretreated with SB203580
(1 pM, p38 MAPK inhibitor) or PDTC (10 pM,
NF-kB inhibitor), or were transfected with caspase-1
siRNA, NLRP3 siRNA, TLRY siRNA or p38 MAPK
siRNA before mtDNA exposure. The cell-conditioned
medium was collected by centrifugation after exposure
and then assayed for proinflammatory cytokines and
caspase-1 activity according to manufacturer’s protocols.
THP-1 macrophages were lysed by extraction buffer
containing protease inhibitor cocktail (Roche) and boiled
with loading buffer for 30 min. In parts of the study, to
extract nucleoprotein, THP-1 macrophages were lysed
and processed by using nuclear and cytoplasmic protein
extraction kit according to the manufacturer’s protocol.

Histopathology of the lungs

The larger left lobes were fixed overnight at 4 °C in 4%
paraformaldehyde and processed by successive dehydration
with an alcohol series and xylene. The tissues were then
embedded in paraffin and cut into 5-pm-thick sections for
hematoxylin-eosin (HE) staining or TdT-mediated dUTP
Nick-End Labeling ('UNEL) apoptosis assay. HE staining
was carried out according to the instructions provided by
the manufacturer to determine the severity of the lung
inflammation. The TUNEL apoptosis assay of lung was
performed by Colorimetric TUNEL apoptosis assay kit
according to the manufacture’s protocol to determine the
lung injury. All tissue cuts were evaluated by an experienced
blinded pathologist and scored according to the criteria
described previously (20).

Quantitative reverse transcriptase—polymerase chain
reaction (qRT-PCR)

RNA from THP-1 macrophages and mice lungs (upper
lobe of right lung) were extracted by RNA isolation kit
(Tiandz, Inc., Beijing China). gqRT-PCR was performed by
using ABI PRISM 7000 Sequence Detection System and
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SYBR Green Master Mix from Vazyme Biotech (Nanjing,
China) according to manufacturer’s protocol. Relative fold
changes between different stimulations or pretreatments were
calculated with the comparative Ct method (2™**“ Method).

Supernatant and BALF concentration followed by
caspase-1 activity assay

Cell-conditioned supernatants and BALF were concentrated
by Millipore UFC801024 centrifugal filter according to its
protocol. Briefly, 3 mL supernatant or BALF was added into
the upper part of the filter and then centrifuged at 4,000 g
at 4 °C for 25 min. After that, about 400 pL. concentrated
liquid remained in the upper part and was aspirated out
and analyzed immediately by caspase-1 activity assay kit
according to the protocol supplied by its manufacture.

Western blot analysis

Cell proteins were extracted from THP-1 macrophages
and Western blot analysis was performed as previously
described. Antibodies were diluted as follows: anti-beta-
actin antibody (1:1,000), anti-GAPDH antibody (1:2,000),
anti-NLRP3 antibody (1:600), anti-cleavage caspase-1
p20 subunit antibody (1:500), anti-procaspase-1 antibody
(1:1,000), anti-phospho-p38 MAPK (Thr180/Tyr182)
antibody (1:800), anti-p38 MAPK antibody (1:800), anti-
ERK antibody (1:800) and anti-phospho-ERK antibody
(1:800) in PBST with 2% BSA. The corresponding second
antibodies were diluted at 1:10,000.

Statistics

Experimental results were expressed as the means =
standard deviation (SD) and assessed for statistical
significance by Student’s ¢-test. Two-tailed P value <0.05
was considered as statistically significant. All statistical
analyses were performed by using PASW Statistics 18.0
(IBM Corporation, Armonk, NY, USA).

Results

NLRP3 inflammasome activation and subsequent caspase-1
activation is critical in exogenous mtDNA-induced
pulmonary inflammation and injury in mice

Previous reported studies has shown that intravenous
injection of mtDNA was able to induce inflammation and

© Journal of Thoracic Disease. All rights reserved.

4819

injury of lung (13,14) and another study conducted by
our group has proven that intratracheal administration
of mtDNA was also capable of trigging pulmonary
inflammation in 6 h (12). Representative microscopic
images and relevant quantitative examination and semi-
quantitative scores of lung injury are shown in Figure 1.
MtDNA administration significantly induced excessive
pulmonary inflammation and tissue damage in accordance
with ALI. It is shown that mtDNA exposure caused
abundant inflammatory cell infiltration, alveolar septa
thickening and apoptosis of lung parenchymal cells. In
addition, quantized data also indicated that mtDNA
exposure would significantly increase the degree of lung
injury and edema. All these results indicate that extracellular
mtDNA is a critical mediator of ALI with increased lung
inflammation permeability.

As IL-1B and IL-18 release and active caspase-1
production has been shown to be hallmark of inflammasome
activation. We therefore assayed IL-1p, IL-18 and caspase-1
activity in BALF. It was suggested that mtDNA could
significantly increase IL-1B/IL-18 production and caspase-1
activity in BALF (Figure 2A4,B,C). MtDNA exposure also
up-regulated the transcription of NLRP3 and ASC in mice
lungs (Figure 2D,E,F). Further analysis of lung tissue also
indicated that mtDNA was capable of inducing NLRP3
expression in lung and the production of activated p20
subunit of caspase-1 (Figure 2G,H,I). All these results
demonstrated that local instillation of mtDNA could induce
NLRP3 inflammasome priming and activation in mice
lungs.

To further confirm the role of NLRP3 inflammasome
in mtDNA-induced lung inflammation and injury, we
conducted inhibition experiment in mice. As no NLRP3
inhibitor is available for selling then, we adopted belnacasan
(VX-765), a selective caspse-1 inhibitor, to verify the role of
inflammasome in mtDNA-induced lung inflammation and
injury. It was revealed that belnacasan significantly attuned
mtDNA-induced inflammation and injury (Figure 3).
Additionally, belnacasan dramatically decreased mtDNA-
induced IL-1B and IL-18 production. These results
indicated that NLRP3 inflammasome and downstream
caspase-1 played a key role in mtDNA-induced lung
inflammation and injury.

mtDNA exposure leads to NLRP3 inflammmasome priming
and activation in PMA-primed THP-1 macrophages

Given that macrophage is a primary subset of inflammation-
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Figure 1 Intratracheal mtDNA administration causes pulmonary inflammation and injury. (A) Intratracheal mtDNA administration for

6 h significantly induces lung inflammation; (B) histological score of lung injury (IQA), lung cell apoptosis, cells in bronchoalveolar lavage fluid

(BALFs) and lung wet/dry ratio are significantly increased in mtDNA exposure group. Arrow: TUNEL positive cells; *P<0.05; **P<0.01.

regulating cells in lung and plays a crucial role in mtDNA-
induced lung inflammation (21), we adopted PMA-primed
THP-1 macrophages. Differentiated THP-1 macrophages
were incubated with either PBS or mtDNA (20 pg/mL).
MtDNA exposure is capable of inducing caspase-1 activation

and IL-1B, IL-18 and TNF-a release (Figure 44,B,C).
It was also demonstrated that caspase-1 p20 subunit was
substantially increased in mtDNA stimulated concentrated
supernatant (Figure 4D). Nextly, we synthesized caspase-1
siRNA to verify its role in mtDNA-induced inflammation.
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Figure 2 Intratracheal mtDNA administration induces NLRP3 inflammasome activation in lung. (A,B,C) mtDNA exposure significantly

increased IL-1pB, IL-18 release and caspase-1 activation; (D,E,F) mtDNA exposure significantly increased NLRP3 and ASC transcription in

lung; (G,H,I) mtDNA exposure induces NLRP3 expression and caspase-1 p20 subunit production. *P<0.05, **P<0.01.

As shown in Figure 4E, transfection of caspase-1 siRNA
of 50 nM for 60 h could significantly decrease caspase-1
transcription. Then transfected THP-1 macrophages were
stimulated with mtDNA followed by ELISA analysis of
IL-1B, IL-18 and TNF-a from culture. The results showed
that inhibition of caspase-1 or transfection of caspase-1
siRNA led to significant reduction of IL-1f and IL-18
while no effect on TNF-a were detected (Figure 4F). These
results revealed that mtDNA-induced caspase-1 activation
was a key pro-inflammatory process.

As NLRP3 priming has been shown to be a critical
step and mtDNA is a typical DAMPs, we next assayed
transcription of NLRP3 inflammasome components
after mtDNA stimulation. It was shown that mtDNA
exposure could induce early increased transcription of

© Journal of Thoracic Disease. All rights reserved.

NLRP3, ASC and procaspase-1 (Figure 5A). In contrast to
NLRP3 inflammasome components, extracellular mtDNA
stimulation is able to induce persistent increased NF-«xB
transcription. We also detected NLRP3 and procaspase-1
in mtDNA-stimulated THP-1 macrophage and it was
indicated that mtDNA could induce increased NLRP3 and
procaspase-1 expression and a mild decrease of intracellular
procaspase-1 at 6 h (Figure 5B). We then synthesized
NLRP3 siRNA to check its roles. Silencing of NLRP3
significantly decreased mtDNA-induced IL-1p production
while no effect on TNF-a production was observed (Figure
5C). These results indicated that extracellular mtDNA
stimulation was capable of inducing NLRP3 inflammasome
priming and activation followed by IL-1 family cytokine
production.
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Figure 3 Caspase-1 is essential in mtDNA-induced lung inflammation and injury. (A) Belnacasan significantly decreased mtDNA-induced
pulmonary inflammation; (B) histological score of lung injury (IQA), lung cell apoptosis and lung wet/dry ratio is significantly decreased in
belnacasan treated group; (C) IL-1p and IL-18 is significantly decreased in belnacasan treated group. *P<0.05, **P<0.01.

TLRY, p38 MAPK and NF-xB participate in mtDNA- inflammasome priming and activation. As shown in Figure 6,

induced NLRP3 inflammasome activation

Given that TLR9 has been accepted as a double-stranded
DNA receptor, we examined whether TLRY, p38 MAPK
and NF-«kB also participate in mtDNA-induced NLRP3

© Journal of Thoracic Disease. All rights reserved.

silencing of TLRY significantly decreased mtDNA-induced
IL-1B and TNF-a production and NLRP3 expression. Since
both ERK and p38 MAPK have been reported to participant
in mtDNA-induced inflammation in neutrophils (13),
we also examined their roles in mtDNA-induced NLRP3
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Figure 4 Extracellular mtDNA promotes IL-1 family cytokine production and caspase-1 activation in THP-1 macrophages. (A,B,C)

Extracellular mtDNA promotes IL-1p, IL-18 and TNF-a production; (D) extracellular mtDNA promotes caspase-1 activation and release; (E)

knock-down efficiency of caspase-1 siRNA; (F) inhibition or knock-down of caspase-1 significantly decreases mtDNA-induced IL-1 family

cytokine production but has no effect on TNF-o. *P<0.05, **P<0.01.

inflammation priming in THP-1 macrophages. As shown
in Figure 74, mtDNA exposure induced a dramatic
increase of phosphorylated p38 MAPK (p-p38 MAPK)
while no significant changes of phosphorylated ERK were
detected. MtDNA exposure could induce increased nuclear
translocation of NF-kB (Figure 7A). To further examine p38
MAPK and NF-«kB roles in extracellular mtDNA-induced
NLPR3 inflammasome priming, we adopted p38 MAPK
siRNA, SB203580 (a selective inhibitor of p38 MAPK)
and PDTC (a selective inhibitor of NF-kB p65 nuclear
translocation). It was shown that silencing of p38 MAPK
and inhibition of p38 MAPK or NF-«B could suppress
mtDNA-induced IL-1B production (Figure 7B) and
NLRP3 expression in THP-1 macrophage (Figure 7C,D).
Interestingly, we also found that mtDNA related NF-«B
p65 nuclear translocation was only partially mediated by
p38 MAPK (Figure 7C) which indicated that p38 MAPK
is a dominate but not the only mediator in this process.
All these results indicated that extracellular mtDNA was
capable of inducing TLR9-p38 MAPK pathway activation
and subsequent NF-kB p65 nuclear translocation, which
promoted NLRP3 inflammasome priming and activation.

© Journal of Thoracic Disease. All rights reserved.

Discussion

This present study indicated that extracellular mtDNA in
lung could induce NLRP3 inflammation activation which
resulted in pulmonary inflammation and injury. Further
in vitro experiments demonstrated that the interaction of
mtDNA and TLR9 followed by p38 MAPK phosphorylation
and NF-«B activation are crucial in extracellular mtDNA-
induced NLRP3 inflammation priming and activation.
These findings revealed that extracellular mtDNA was
also able to induce NLRP3 inflammation activation in
addition to cytoplasmic oxidized mtDNA. To the best
of our knowledge, this study provides the first evidence
that extracellular mtDNA in lung is a source of NLRP3
inflammation priming and activation which promotes
excessive pulmonary inflammation and injury.

Consistent with our previous study, it was shown that
intratracheal administration of mtDNA for 6 h could induce
pulmonary inflammation response which is characterized
by increased inflammatory cell infiltrating, alveolar septa
thickening, vascular congestion and pro-inflammatory
cytokines (IL-1B and IL-18) production. Beyond that, we
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Figure 5 Extracellular mtDNA promotes NLRP3 inflammasome priming and activation in THP-1 macrophages. (A) Extracellular
mtDNA exposure significantly increased NLRP3, ASC, caspase-1 and NF-«B transcription; (B) knock-down efficiency of NLRP3 siRNA;
(C) extracellular mtDNA exposure significantly increased NLRP3 and procaspase-1 expression; (D) knock-down of NLRP3 significantly
decreases mtDNA-induced IL-1p production but has no effect on TNF-a. *P<0.05, **P<0.01.

also detected cell apoptosis in mtDNA-stimulated lung and
it was indicated that intratracheal mtDNA administration
could promote cell apoptosis in lung tissue. Considering
that mtDNA exposure also caused increased lung
permeability, these results demonstrated that extracellular
mtDNA should be one of the sources of lung inflammation
and pulmonary alveolar capillary barrier damage.

Although previous studies have demonstrated that
NLRP3 inflammasome play a critical role in inflammatory
lung diseases including ALI (3,4,22,23), much less is
known about the cause of it. Our study firstly indicated
that extracellular mtDNA should be one of the sources
of NLRP3 inflammation activation which resulted in
pulmonary inflammation and injury. We demonstrated that
mtDNA exposure substantially increased the release of IL-1
family cytokines and cleavaged caspase-1. This indicated that

© Journal of Thoracic Disease. All rights reserved.

extracellular mtDNA stimulation could induce the hydrolysis
of procaspase-1 which is a key process of inflammasome
activation. We also found that extracellular mtDNA
significantly increased the content of NLRP3 and caspase-1
p20 subunit in lung. Furthermore, in vivo experiments
indicated that inhibition of caspase-1, the main effector of
NLRP3 inflammasome activation, as expected decreased
mtDNA induced lung injury and inflammation. These results
demonstrated that extracellular mtDNA was an inducer of
NLRP3 inflammasome in lung, which promoted pulmonary
inflammation and injury. Since increased transcription of
NLRP3 inflammasome components is the basis of substantial
assembling and activation, we also assayed the transcription
of these molecules. The transcription of NLRP3 and ASC
was significantly increased in mtDNA instilled mice while no
significant difference of caspase-1 transcription was detected.
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Taking together, these results indicated that extracellular
mtDNA in lung was able to induce increased transcription
and expression of NLRP3 inflammasome components
(priming) and promote NLRP3 inflammasome activation and
pulmonary inflammation.

TLRY has long been known to be a receptor for double-
strand DNA including mtDNA (24). However, its role
in extracellular mtDNA-induced NLRP3 inflammasome
activation is rarely known. In accordance with the iz vivo
experiments, the 7z vitro study indicated that extracellular
mtDNA was able to induce NLRP3 inflammasome priming
and activation through TLR9 in THP-1 macrophages. It
was shown that mtDNA exposure rapidly increased the
expression of NLRP3, procaspase-1 cleavage and IL-1 family
cytokine production. These indicated that extracellular
mtDNA promoted NLRP3 inflammasome priming and
activation. Although several studies have proven that TLR9
should be a key upstream molecule in NLRP3 inflammasome
activation (17,25,26), there is still little evidence that could
explain the mechanism between them, especially in the
case of mtDNA stimulation. Thus, we explored the role of
TLRY and its downstream molecules in mtDNA-induced

NLRP3 inflammation priming and activation. Different from
previous studies demonstrating that mtDNA could induce
both p38 MAPK and ERK activation in neutrophils (13),
our study indicated that extracellular mtDNA was capable
of inducing phosphorylation of p38 MAPK but not ERK.
Further investigation also indicated that inhibition of p38
MAPK pathway by p38 siRNA or SB203580 significantly
diminished mtDNA-induced NLRP3 inflammasome priming
and activation.

Although previous study has shown that mtDNA could
increase phosphorylated NF-xB p65 in macrophages (14),
NF-kB p65 in nucleus has not previously been reported and
no previous study have explored the connecting molecular
mediating the signaling between TLR9 and NF-«kB.
Moreover, no evidence of the role of NF-«B in extracellular
mtDNA-induced inflammation and NLRP3 inflammasome
priming has been reported. As p38 MAPK has been shown
to be a key downstream molecule of TLR9, we detected
the role of NF-«B and its relationship with p38 MAPK
in mtDNA-induced NLRP3 inflammasome activation. It
was shown that mtDNA stimulation significantly increased
NF-«B p65 subunit nuclear translocation and inhibition of
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NF-«B substantially decreased mtDNA-induced NLRP3
transcription and expression and caspase-1 cleavage which
indicated NLRP3 inflammasome activation. Interestingly,
it was also indicated that mtDNA-induced nuclear
translocation of NF-kB p65 subunit was only partially
mediated by p38 MAPK and other kinases or molecules like
TAKI1 (TGF-activated kinase) might also partially participate
in this process. These results demonstrated that extracellular
mtDNA induce NLRP3 inflammasome priming and
activation through TLR9- p38 MAPK- NF-«B pathway.
Despite that cytoplasmic oxidized mtDNA has been

© Journal of Thoracic Disease. All rights reserved.

reported to be able to induce NLRP3 inflammasome
activation by binding with NLRP3 (11,27), the role of
extracellular mtDNA in NLRP3 inflammasome activation
has not been revealed. Furthermore, extracellular DAMPs
have always been treated as key factors in the initiation and
amplification of inflammation. Our study demonstrated
that extracellular mtDNA was able to induce NLRP3
inflammasome priming and activation by ways different from
cytoplasmic oxidized mtDNA. As mtDNA has been shown
to be released in a subset of histopathological conditions, this
might be able to partially explain the NLRP3 inflammasome
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activation in ALI and other inflammatory lung diseases by
non-infectious etiology. Our future research is partially
focusing on verify the proportion of extracellular non-
oxidized mtDNA under different pathological states. More
recently, it was reported that NLRP3 inflammasome could
also induce self-amplification and activation of nearby
cells by release of incomplete NLRP3 inflammasome
macromolecular complexes and ASC speckles (28,29). This
also gave an index to the importance of extracellular DAMPs
in inflammation amplification. Additionally, targeting
caspase-1 has been considered to be a new approach in sepsis
treatment (6) and a small-molecule inhibitor of the NLRP3
inflammasome with outstanding treatment potentials in
inflammatory diseases has also been developed (30). NLRP3
inflammasome and its downstream caspase-1 showed exciting
potential therapeutic targets for inflammatory diseases.
Further detection of meDNA, NLRP3, caspase-1 and IL-1
family in ARDS patients should be able to distinguish high-
risk patients.

Although our study demonstrated that extracellular
mtDNA could induce NLRP3 inflammasome priming
and activation through TLR9- p38 MAPK- NF-«B in
THP-1 macrophages, it was also shown that p38 MAPK
should not be the exclusive molecular in the activation of
NF-«B caused by extracellular mtDNA. Despite this, we
illustrated the effect of extracellular mtDNA on NLRP3
inflammasome priming and activation in lung for the
first time and provided evidences for potential NLRP3
inhibitors as therapeutics in ALI/ARDS.

In conclusion, this study demonstrates that extracellular
mtDNA could promote NLRP3 inflammasome activation,
acute inflammation and tissue damage in lung through
TLRY, p38 MAPK and NF-kB pathway.
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