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NLRP3 inflammasome activation and NETosis positively
regulate each other and exacerbate proinflammatory
responses: implications of NETosis inhibition for acne skin
inflammation treatment
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Inflammasomes are multiprotein complexes involved in the host immune response to pathogen infections. Thus, inflammasomes
participate in many conditions, such as acne. Recently, it was shown that NETosis, a type of neutrophil cell death, is induced by
bacterial infection and is involved in inflammatory diseases such as delayed wound healing in patients with diabetes. However, the
relationship between inflammasomes and NETosis in the pathogenesis of inflammatory diseases has not been well studied. In this
study, we determined whether NETosis is induced in P. acnes-induced skin inflammation and whether activation of the nucleotide-
binding domain, leucine-rich family, and pyrin domain-containing-3 (NLRP3) inflammasome is one of the key factors involved in
NETosis induction in a mouse model of acne skin inflammation. We found that NETosis was induced in P. acnes-induced skin
inflammation in mice and that inhibition of NETosis ameliorated P. acnes-induced skin inflammation. In addition, our results
demonstrated that inhibiting inflammasome activation could suppress NETosis induction in mouse skin. These results indicate that
inflammasomes and NETosis can interact with each other to induce P. acnes-induced skin inflammation and suggest that targeting
NETosis could be a potential treatment for inflammasome-mediated diseases as well as NETosis-related diseases.
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INTRODUCTION
Acne vulgaris (AV) is a common skin disease with a lifetime
incidence of approximately 85% [1] and is associated with local
scarring, depression, and anxiety, which reduce quality of life [2, 3].
Current treatments for AV include benzoyl peroxide or topical
retinoids. However, side effects and unresponsiveness may lead to
halting treatment [4]. Because AV affects quality of life, patients with
AV prefer more effective treatment without side effects.
Acne is triggered by Propionibacterium acnes (P. acnes), an

anaerobic and gram-positive bacterium frequently found on human
skin [5, 6]. Stimulation of sebocytes with P. acnes significantly
upregulated the expression of proinflammatory cytokines [7–9]. It is
also known that P. acnes activates the nucleotide-binding domain,
leucine-rich family, and pyrin domain-containing-3 (NLRP3) inflam-
masome in humans [10]. Clinically relevant inflammation in acne
may be initiated by disruption of the follicular epithelium, followed
by the spread of bacteria, including P. acnes, to the dermis, leading
to the development of papules, pustules, and nodulocystic lesions
[6]. Although P. acnes is a commensal bacterium of normal skin, it
(together with the sebaceous gland) is considered to play an
important role in acne development.

The innate immune system constitutes a highly efficient barrier to
diverse organismal insults by rapidly detecting pathogens and tissue
damage [11]. The activation of pattern recognition receptors (PRRs)
by pathogen- and damage-associated molecular patterns (PAMPs
and DAMPs) leads to early local detection of insults and the
production of proinflammatory cytokines [12, 13]. NLRP3 is an
important PRR involved in antiviral and antibacterial innate immunity,
as well as in the response to adjuvants critical for adaptive immunity.
Upon activation, NLRP3 assembles a typical multimeric inflamma-
some complex comprising the adaptor ASC and the effector pro-
caspase-1 to mediate the activation of caspase-1 [13–15].
Recently, it has been suggested that bacteria can induce

neutrophil cell death and NETosis, which traps and kills bacteria
for host defense [16]. Thus, neutrophil extracellular traps (NETs),
generated by a process termed NETosis, are a novel mechanism
used by the innate immune system to eliminate and kill invading
pathogens [17, 18]. NET formation begins with neutrophil activation
through the recognition of stimuli and activation of the NADPH
oxidase (NOX) complex through protein kinase C (PKC)-Raf/MERK/
ERK [19–21], which in turn activates myeloperoxidase (MPO),
neutrophil elastase (NE), and protein-arginine deiminase type 4
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(PADI4) [22, 23]. PADI4 catalyzes the citrullination of histones and
promotes chromatin decondensation [24–26], whereas reactive
oxygen species (ROS) promote NETosis by inducing the gradual
separation and loss of the nuclear membrane and the release of
chromatin from the cell through membrane pores.
NETs are also generated in response to a number of pathological,

physiological and pharmacological stimuli [27]. These include
microorganisms, inflammatory cytokines, pharmacological agents
(phorbol esters or calcium ionophores), IL8 associated with
placental microparticles, and antineutrophil cytoplasmic antibodies
(ANCAs) [28]. Therefore, several studies have suggested that the
induction of NETosis has detrimental effects and is involved in the
pathogenesis of many diseases, such as metastatic tumors and
delayed wound healing in diabetes [29]. Although NETs have a
positive effect on clearing pathogens, they are also destructive due
to the release of enzymes and other proteins that cause tissue
injury. Thus, NETs are rapidly becoming a target for therapeutics in
the management of various diseases.
Inflammasome activation and the induction of NETosis partici-

pate in many inflammatory diseases. However, the relationship
between these two proinflammatory responses has not been well
studied. In this study, we determined whether P. acnes-induced
skin inflammation, the pathogenesis of which involves inflamma-
some activation, could induce NETosis and investigated the
relationship between the NLRP3 inflammasome and NETosis in
P. acnes-induced skin inflammation in mice.

RESULTS
NETosis and NLRP3 inflammasomes are activated in P. acnes-
induced skin inflammation model mice
P. acnes-induced skin inflammation was induced as described in
the Materials and Methods section. Fifteen microliters of P. acnes
(1 × 107 CFU/ml) was injected intradermally. Twenty-four hours
after injection, ear tissue was collected after sacrifice. As shown
in Fig. 1A, B, intradermal injections induced skin inflammation.
Epidermal thickness and inflammatory cell infiltration were
increased in model mice (Fig. 1C). To determine whether the
NLRP3 inflammasome was activated, we followed a previously
reported protocol [30], using confocal microscopy. Supplemen-
tary Fig. 1A–D shows that inflammasome activation was induced
in the P. acnes-induced skin inflammation group. These results
were confirmed by real-time PCR and western blot analysis.
Consistent with the confocal microscopy results, the Nlrp3,
Casp1 and Il1b transcript levels increased in P. acnes-injected
tissues (Supplementary Fig. 1E). The protein levels of the
inflammasome-related molecules Nlrp3, Casp1, and Il1b were
also increased in P. acnes-injected tissues (Supplementary
Fig. 1F, G), indicating that P. acnes injection induces inflamma-
some activation in mice.
To investigate whether NETosis was induced by P. acnes

injection, we determined the levels of Mpo, a neutrophil marker,
and citrullinated H3 (CitH3), a NETosis marker, using confocal
microscopy. The levels of Mpo and CitH3 were increased,
indicating that NETosis was induced by P. acnes injection
(Fig. 1D). The Mpo and NET levels are shown in Fig. 1E, F. We
also confirmed the induction of NETosis using real-time PCR and
western blot analysis. The transcript and protein levels of Mpo,
Padi4, and CitH3 in P. acnes-injected tissues were higher than
those in control tissues (Fig. 1G–I). These results suggest that
NETosis is induced by P. acnes-induced skin inflammation.
Additionally, we determined which immune cells infiltrated P.
acnes-induced inflamed skin tissues. As expected, the neutrophil
marker Ly6g and the macrophage marker F4/80 were detected.
However, CD4+, CD8+, and CD170+ cells were not detected,
suggesting that T cells and eosinophils are not involved in P.
acnes-induced skin inflammation (Supplementary Fig. 2A, B).

P. acnes exacerbates imiquimod (IMQ)-induced psoriasis-like
skin inflammation in mice
To investigate whether P. acnes can induce NETosis in other skin
inflammatory diseases, we induced psoriasis-like skin inflammation
using IMQ and injected P. acnes subcutaneously on Day 6. (Fig. 2A,
B). H&E staining further confirmed that P. acnes injection induced an
increase in epidermal thickness (Fig. 2C, D). We also investigated
whether P. acnes injection could induce NETosis in psoriatic skin
lesions. Confocal microscopy revealed that P. acnes induced NETosis
(Fig. 2E–G). ThemRNA levels of the NETosis markersMpo, Padi4, and
Elane also increased in P. acnes-injected skin (Fig. 2H). Concomi-
tantly, the protein levels of Mpo, Padi4, and CitH3 were increased by
P. acnes injection (Fig. 2I). It was also determined that P. acnes could
exacerbate psoriasis-like skin inflammation. The results of real-time
PCR experiments showed that the transcript levels of the psoriasis-
associated cytokines Il6, Il17a, Il22, and Il23a increased in response
to P. acnes injection. In addition, the expression of the proin-
flammatory cytokines Tnfa and Il1b was also increased in P. acnes-
injected psoriatic mouse skin (Fig. 2J). These results suggest that P.
acnes exacerbates psoriasis-like skin inflammation in mice.

P. acnes induces NETosis in vitro
To determine whether P. acnes can induce NETosis, we isolated
mouse neutrophils and stimulated them with P. acnes. As a positive
control, isolated mouse neutrophils were stimulated with PMA or
IL8. As shown in Supplementary Fig. 3A, SYTOX Green staining
showed that stimulation with P. acnes induced NETosis, similar to
stimulation with PMA or IL8. We confirmed these results using
scanning electron microscopy. Consistently, the results showed that
P. acnes could induce NETosis (Supplementary Fig. 3B). Western blot
analysis also showed that stimulating mouse neutrophils with P.
acnes, PMA, or IL8 induced CitH3 expression (Supplementary
Fig. 3C), indicating that P. acnes could induce NETosis in vitro.

NETosis inhibitors attenuate P. acnes-induced skin
inflammation in mice
We showed that P. acnes could induce NETosis and skin
inflammation. Therefore, we investigated whether NETosis inhibi-
tors ameliorate P. acnes-mediated skin inflammation. Mice were
intraperitoneally injected with an anti-Ly6G antibody (neutrophil
depletion), GSK484 (a Padi4 inhibitor) or allostatin (elastase
inhibitor) as described in the Methods section to inhibit NETosis
(Fig. 3A). For neutrophil depletion, an anti-Ly6G antibody was
injected once a day for 6 days. On Day 6, P. acnes was intradermally
injected into the mouse ear, and the mice were sacrificed on Day 7
(Fig. 3A). The injection of the NETosis inhibitors GSK484 and
allosterat, which are anti-Ly6G antibodies, suppressed P. acnes-
induced skin inflammation (Fig. 3B). H&E staining experiments
showed that proinflammatory cell infiltration was inhibited by
injection of the anti-Ly6G antibody (Fig. 3C), and ear epidermal
thickness was reduced (Fig. 3C, D). To confirm whether the NETosis
inhibitor limited NETosis induction in the P. acnes-injected mouse
ears, confocal microscopy was performed. Figure 4A shows that NET
inhibitors suppressed P. acnes-induced NETosis, suggesting that
intraperitoneally injected NETosis inhibitors could suppress NETosis
in the ear tissues of skin inflammation model mice. The colocaliza-
tion of Mpo and CitH3 was reduced by NETosis inhibitors (Fig. 4B, C).
Consistently, real-time PCR and western blot analysis showed that
treatment with NET inhibitors downregulated the NETosis markers
Mpo, Padi4, and CitH3 (Fig. 4D–F).

NET inhibitors suppress inflammasome activation in P. acnes-
induced skin inflammation model mice
Because NET inhibitors suppressed P. acnes-induced skin inflam-
mation, we determined whether treatment with NET inhibitors
could suppress inflammasome activation in mice. Confocal
microscopy showed that NET inhibitor treatment suppressed the
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colocalization of Nlrp3 and Il1b (Fig. 5A, B). RNA levels of Nlrp3,
Casp1, and Il1b were also inhibited by treatment with NET
inhibitors in the ear tissues of P. acnes-injected mice (Fig. 5C).
These results were confirmed by western blot analysis. Figure 5D
shows that Nlrp3, Casp1, and Il1b expression was inhibited in the
ear tissues of NET inhibitor-injected mice compared with the ear
tissues of positive control mice, in which only P. acnes was injected
(Fig. 5D, E). These results indicated that NET inhibition can inhibit
inflammasome activation and inflammasome-mediated inflamma-
tion. Taken together, these results suggest that NETosis inhibitors
can suppress P. acnes-induced skin inflammation through NET
inhibition.

An inflammasome inhibitor suppresses NETosis in P. acnes-
induced skin inflammation model mice
To investigate the relationship between inflammasomes and NETosis,
we treated mice with the Nlrp3 inhibitor MCC950 and determined
whether NETosis could be suppressed in P. acnes-induced mouse ear
skin. First, MCC950 treatment inhibited inflammasome activation in P.
acnes-induced mouse ears. P. acnes was injected intradermally on
Day 6, and MCC950 was injected intraperitoneally for 6 days. The
mice were sacrificed on Day 7 (Fig. 6A). As expected, MCC950 sup-
pressed P. acnes-induced skin inflammation (Fig. 6B, C). The
epidermal thickness decreased in response to MCC950 treatment
(Fig. 6D). We also confirmed that MCC950 treatment inhibited the
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colocalization of Nlrp3 and Il1b (Supplementary Fig. 4A, B). The
protein and mRNA levels of Nlrp3, Casp1, and Il1b were also
determined. Treatment with MCC950 decreased the transcript levels
of Nlrp3, Casp1, and Il1b (Supplementary Fig. 4C). Western blot
analysis also showed that MCC950 inhibited Nlrp3, Casp1, and Il1b
expression (Supplementary Fig. 4D, E). These results indicate that
MCC950 suppresses inflammasome- and P. acnes-induced skin
inflammation in mice.
Next, we determined whether NETosis was inhibited in

MCC950-treated mouse ear tissue. MCC950 treatment inhibited
P. acnes-induced NETosis activation. The expression of Mpo and
CitH3, which are NETosis markers, was inhibited by MCC950
treatment (Fig. 6E–G). Real-time PCR also showed that the mRNA
levels of Mpo, Padi4, and Elane were decreased in the ear skin of
MCC950-treated mice (Fig. 6H). In addition, we determined that
the protein levels of Mpo, Padi4, and CitH3 were reduced by
MCC950 treatment (Fig. 6I, J). These results suggest that
inflammasome inhibitors could suppress the induction of NETosis
in P. acnes-induced skin inflammation in mice.

NETosis induces Nlrp3 inflammasome activation in
mouse BMDMs
To determine whether NETosis could induce Nlrp3 inflammasome
activation in vitro, we isolated mouse neutrophils and cultured them
with PMA to induce NETosis. After NETosis induction, the media was
replaced with new media, and mouse BMDMs were subsequently
added. After 24 h, the cocultured cells were stained with CitH3 and
apoptosis-associated speck-like protein (Asc) antibodies (Fig. 7A).
NETosis activation was confirmed by confocal microscopy, which
showed increased CitH3 levels (Fig. 7B), and we observed that
inflammasome activation in BMDMs could be induced by coculture
with NETs from neutrophils (Fig. 7B–D). These results indicate that
inflammasomes can be activated by NETs. We also confirmed that
MCC950 does not inhibit the induction of NETosis. Treatment of
neutrophils with MCC950 and PMA did not suppress NET formation
(Fig. 7B–D; Supplementary Fig. 5A, B).

NETosis and inflammasome activation are induced in acne
patient skin tissues
Finally, we determined whether NETosis was activated in human
acne skin samples using confocal microscopy. Figure 8A, B show
that the NET markers Mpo and CitH3 were colocalized in acne
patient skin tissue, suggesting that NETosis is activated in human
acne skin tissues. Inflammasome activation was also detected in
human acne skin samples (Fig. 8C, D). Taken together, our results
suggest that NET formation can induce inflammasome activation
and that activated inflammasomes can also induce NETosis
(Fig. 8E). These results suggested that NETosis inhibition could
be a suitable therapy for the treatment of inflammasome-
mediated diseases, such as acne-related skin inflammation.
The treatment of inflammatory acnes is challenging. A lack of

response, side effects, and recurrence frequently occur [31]. Therefore,
more effective therapies for acne are needed. Previous clinical reports
suggest the therapeutic effect of drugs targeting IL1b signaling in
patients with autoinflammatory syndromes, in which acne is a
symptom, indicating that the inflammasome is involved in the
pathogenesis of acne [32–34]. Therefore, targeting IL1b production
and secretionmight be an effective therapeutic strategy for treating AV.
NETs are known to function as a host defensemechanism. However,

NETs are also involved in blood coagulation, tumor metastasis,
inflammation, and autoimmune diseases. Therefore, although NETs
are necessary for host defense, inhibiting NETs could be a possible
therapeutic strategy because of their detrimental effects. NETosis and
inflammasome activation are involved in proinflammatory responses.
However, whether NETosis is activated in AV and how it influences
NETosis and inflammasome activation in proinflammatory disease
conditions have not been reported.

Our current experiments demonstrated that NETosis is activated in
P. acnes-mediated skin inflammation and that the activated
inflammasome could induce NETosis. We also demonstrated that P.
acnes induces NETosis and exacerbates IMQ-induced psoriasis-like
skin inflammation, suggesting that P. acnes can promote proin-
flammatory disease by inducing NET formation. Additionally, treat-
ment with an inflammasome inhibitor suppressed the induction of
NETosis. Furthermore, the inhibition of NETosis reduced inflamma-
some activation and ameliorated P. acnes-induced skin inflammation.
In this study, NETosis inhibitors were administered intraper-

itoneally. To investigate the efficacy of these agents when they
were injected through different routes, we administered intrader-
mal injections of the inhibitors. However, NETosis inhibitors should
be injected 3–6 times before P. acnes injection. Thus, intradermal
injections of NETosis inhibitors spilled out of the previously
injected site, so we could not inject NETosis inhibitors intrader-
mally. Instead, we intravenously injected NETosis inhibitors
(Supplementary Fig. 6A), and the results showed that i.v. injection
of NETosis inhibitors ameliorated P. acnes-induced skin inflamma-
tion in mice (Supplementary Fig. 6B). The intravenously injected
NETosis inhibitors decreased ear thickness (Supplementary
Fig. 6C, D). In addition, the inhibition of NETosis was assessed
through confocal microscopy and western blot analysis (Supple-
mentary Fig. 6E–I). These findings indicate that i.v. injection of
NETosis inhibitors or the inflammasome inhibitor MCC950 could
inhibit the induction of NETosis and inflammasome activation and
alleviate P. acnes-induced skin inflammation in mice.
These results imply that inflammasome activation might induce

NETosis, which may exacerbate inflammasome-mediated diseases,
including acne. Moreover, NETosis might induce inflammasome
activation. Therefore, inflammasome activation and NETosis
activation positively influence each other to induce an inflamma-
tory response, and inhibition of one of both suppresses the
activation of the other. These results also provide insights into the
involvement of NETosis in inflammasome-mediated diseases.
Thus, treatment with NET inhibitors could alleviate other
inflammasome-mediated diseases or vice versa. Although further
studies on the interaction between inflammasome activation and
NETosis are necessary, our results suggest that compounds
targeting NETosis might ameliorate not only NETosis-related but
also inflammasome-mediated diseases.
Taken together, the results of our study suggest that the inhibition of

NETosis could ameliorate inflammasome-mediated diseases and imply
that combination therapy with inflammasome and NETosis inhibitors
might be an attractive way to treat AV more effectively.

METHODS
Preparation of neutrophils and bone marrow-derived
macrophages (BMDMs)
All the mice were analyzed between 7 and 9 weeks of age. Bone marrow
cells were collected by flushing the femur with 10ml of 5% FBS in PBS
using a 26-gauge needle and filtering through a sterile 70-μm mesh nylon
cell strainer. Mouse bone marrow-derived neutrophils were isolated using
a neutrophil isolation kit (Miltenyi Biotec) following the manufacturer’s
protocol. Neutrophils were cultured in X-VIVOTM15 serum-free hemato-
poietic cell medium (Lonza) supplemented with 1% antibiotic-antimycotic
agent. Bone marrow cells were differentiated into BMDMs in X-VIVOTM15
medium supplemented with murine GM-CSF (25 ng/ml; PeproTech) for
7 days. All cells were cultured at 37 °C in a 5% CO2 incubator.

Bacterial culture
P. acnes (KCTC3314T) was obtained from the Korean Collection for Type
Cultures (KCTC, Daejeon, Korea). Reinforced Clostridial Medium (RCM;
KisanBio, Seoul, Korea) was used to grow P. acnes for 72 h at 37 °C under
anaerobic conditions using a Gas-Pak jar system (BD Bioscience). The
bacteria were grown in the RCM until the culture reached the log-phase. P.
acnes was collected by centrifugation at 4500 rpm for 20min at 4 °C, after
which the pellets were washed with sterile endotoxin-free PBS.
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Animal experiments
We used 7-week-old C57BL/6 mice (Orient Bio, Gyeonggi, Korea) in these
experiments. The mice were housed in an environmentally controlled
room with a 12-h/12-h light/dark cycle and free access to laboratory chow
and water. The procedures were performed in biosafety level BSL‐2

laboratory facilities in accordance with the Guide for the Care and Use of
Laboratory Animals (published by the US National Institutes of Health). The
protocol for animal use was approved by the Committee for Ethics in
Animal Experiments of Ajou University School of Medicine (AUMC, IACUC
No. 2021-0058).
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P. acnes-induced skin inflammation mouse model
Seven-week-old C57BL/6 mice were intradermally injected with live P.
acnes (1 × 107 CFU/15 μl in PBS) in the right ear, while the control group
received an equal volume of PBS. The mice were sacrificed at 24 h after the
injection, and ear tissues were then collected for further analysis.

InVivoPlus anti-mouse Ly6G (50 μg/mouse; BioXcell) was diluted in 100 μl
of InVivoPure pH 7.0 dilution buffer (BioXcell), and GSK484 (5mg/kg;
Selleckchem), allvelestat (5 mg/kg; Selleckchem), and MCC950 sodium
(10mg/kg; Selleckchem) diluted in 100 μl of PBS were administered
intraperitoneally every day for 6 days. On the 6th day, NETosis inhibitors or
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an NLRP3 inhibitor MCC950 was intraperitoneally administered, and 4 h
later, P. acnes was intradermally injected into the right ear. At the end of
the experiment, the mice were sacrificed, and the ears were sampled for
H&E staining, immunofluorescence staining, real-time PCR, and western
blot analysis.

Imiquimod (IMQ)-induced psoriasis-like skin inflammation
mouse model
Seven-week-old C57BL/6 mice were subjected to a daily topical dose of
62.5 mg of IMQ cream (5%) (Aldara; 3 M Pharmaceuticals) on the shaved
back for 6 consecutive days, resulting in a daily dose of 3.125mg of the
active compound. The control mice were treated similarly with a control
vehicle cream (Vaseline Lanette cream). On the 6th day, IMQ cream was
applied, and 4 h later, P. acnes was intradermally injected into the
back skin.

NET formation assay
Isolated neutrophils were resuspended in X-VIVOTM 15 medium (Lonza) at
2.5 × 106 cells/ml and stimulated with 250 nM phorbol myristate acetate
(PMA) (InvivoGen), 200 ng/ml recombinant IL8 (R&D Systems) for 24 h, or P.
acnes (1 × 107 CFU) for 6 h. Then, Sytox Green dye (Thermo) was added to
the culture, and the cells were incubated for 15min. The samples were
imaged by a Nikon A1R Spectral Confocal Laser Dual Scanning Microscope
(Nikon).

Scanning electron microscopy (SEM)
Isolated mouse neutrophils were added to poly-L-lysine (Sigma)-
pretreated coverslips and treated with 500 nM PMA (InvivoGen),
500 ng/ml recombinant IL8 (R&D Systems), or P. acnes for 6 h. The cells
were fixed with 2.5% glutaraldehyde (Merck), postfixed via repeated
incubations with 1% osmium tetraoxide (Merck)/1% tannic acid (Merck),
and dehydrated with a graded ethanol series (30%, 50%, 70%, 100%).
After dehydration and critical-point drying, the specimens were coated
with 2 nm platinum and analyzed with scanning electron microscope
(SNE-4550 M Plus; SEC).

Western blot analysis
Total protein was extracted from mouse neutrophils or mouse ear tissues with
RIPA buffer (Sigma) supplemented with protease inhibitor cocktail (Roche) and
phosphatase inhibitor tablets (Roche) on ice for 30min. The cell or tissue
lysates were centrifuged at 13,000 × g for 15min to harvest the protein
supernatant, and the concentrations were determined via a BCA assay (Thermo
Fisher Scientific). Equal amounts of proteins were subjected to SDS‒PAGE and
transferred to PVDF membranes (Merck). The PVDF membranes were blocked
in 5%milk dissolved in TBST (0.1% Tween-20 in TBS) for 1 h and incubatedwith
the indicated primary antibodies (1:1000) overnight at 4 °C, including anti-Mpo
(AF3667, R&D Systems), anti-Padi4 (ab214810, Abcam), anti-CitH3 (ab5103,
Abcam), anti-F4/80 (14-4801-82, Thermo Fisher Scientific), anti-Nlrp3 (AG-20B-
0014, Adipogen), anti-Casp1 (AG-20B-0042, Adipogen), anti-Il1b (ab9722,
Abcam), anti-Gapdh (2118, Cell Signaling Technology), and anti-Actb (4970,
Cell Signaling Technology). After washing three times, the membranes were
incubated with an HRP-conjugated secondary rabbit antibody (1:5,000; 7074;
Cell Signaling Technology), secondary mouse antibody (1:5000; 7076; Cell
Signaling Technology), secondary rat antibody (1:5000; 7077; Cell Signaling
Technology), or secondary goat antibody (1:10,000; ab6741; Abcam) for 1 h at
RT. Proteins were visualized using enhanced chemiluminescence (ECL)
reagents (GE Healthcare Life Sciences) and detected with an Amersham™

ImageQuant™ 650 imager (Cytiva). Densitometric values were determined and
quantified via western blotting after nonsaturating exposure using ImageJ
software (NIH, Bethesda, Maryland, USA; Java 1.8.0_112) and normalized
against Gapdh or Actb, which served as internal loading controls. Using
ImageJ, we recorded the target intensity for each lane and plotted the intensity
against the protein load. Using spiked proteins allowed us to control the
amount of total protein per lane while only changing the amount of spiked
proteins. These procedures were performed as described above for all the
western blot studies.

Immunofluorescence
For tissue immunofluorescence, paraffin-embedded sections of acne
patient skin tissue and ear tissues from mice infected with P. acnes were
heated at 60 °C for 30 min, followed by deparaffinization and rehydration
using xylene and graded ethanol. Then, the sections were subjected to

heat-mediated antigen retrieval with citrate buffer (pH 6.0; Abcam) for
20 min. The tissue samples were blocked with the Image-iTTM FX Signal
Enhancer (Thermo Fisher Scientific) for 30 min and 10% normal donkey/
goat serum for 1 h at RT. Next, the slides were incubated with primary
antibodies (1:200) overnight at 4 °C, including anti-Mpo (AF3667; R&D
Systems), anti-CitH3 (ab5103; Abcam), anti-Cd11b (17800; Cell Signaling
Technology), anti-Cd4 (ab183685; Abcam), anti-Cd8 (14-0081-82; Thermo
Fisher Scientific), anti-Ly6g (14-5931-82; Thermo Fisher Scientific), anti-
F4/80 (14-4801-82; Thermo Fisher Scientific), anti-Cd170 (14-1702-82;
Thermo Fisher Scientific), anti-Nlrp3 (MA5-23919; Thermo Fisher
Scientific), anti-Il1b (ab9722; Abcam), and anti-Asc (sc-514414; Santa
Cruz) antibodies. The slides were washed with PBST (0.1% Tween-20,
PBS) three times and labeled with the secondary antibodies (1:300):
donkey anti-goat IgG (H+ L), Alexa Fluor Plus 488 (A32814, Thermo
Fisher Scientific), donkey anti-rabbit IgG (H+ L), Alexa Fluor Plus 555
(A32794, Thermo Fisher Scientific), goat anti-rat IgG (H+ L), Alexa Fluor
Plus 488 (A48269, Thermo Fisher Scientific), goat anti-rabbit IgG (H+ L),
Alexa Fluor Plus 555 (A32732, Thermo Fisher Scientific), and goat anti-
mouse IgG (H+ L), Alexa Fluor Plus 488 (A32723, Thermo Fisher
Scientific) for 2 h at RT. After washing in PBST, a Vector® TrueVIEW®
Autofluorescence Quenching Kit (Vector laboratories) was used to
quench spontaneous fluorescence for 20 min at RT, followed by washing
twice. The slides were mounted with ProLongTM Gold Antifade
Mountant and DAPI (Thermo Fisher Scientific). Confocal images were
taken on Zeiss LSM 900 and Airyscan 2 confocal laser scanning
microscopes and analyzed with ZEN 2.3 software.

RNA isolation and real-time PCR
Total RNA was isolated from mouse ear or back skin samples using TRIzol
reagent (Thermo Fisher Scientific). Five micrograms of total RNA was
converted into cDNA using ReverTra AceTM qPCR RT Master Mix (Toyobo)
according to the manufacturer’s instructions and subjected to real-time
PCR. QuantiTech Primer Assays were purchased from Qiagen and included
mouse Mpo (QT01065687), Padi4 (QT01052065), Elane (QT00494872), Nlrp3
(QT00122458), Casp1 (QT00199458), Il1b (QT01048355), and Gapdh
(QT01658692). Real-time PCR was performed using the StepOne Plus
Real-Time PCR system (Applied Biosystems) and a SYBR Green Real-time
PCR master kit (Toyobo). The relative expression levels (Rq) of the indicated
genes were compared with the Gapdh expression level using the ΔΔCt
method (StepOne Plus Software v2.3; Applied Biosystems).

NET and BMDM coculture
Mouse neutrophils were suspended in X-VIVOTM15 serum-free hemato-
poietic cell medium (Lonza) at 2.5 × 106 cells/ml. Subsequently, the cells
were stimulated with 500 nM PMA for 24 h on coverslips pretreated with
poly-L-lysine (Sigma‒Aldrich). The media containing PMA was subse-
quently changed to fresh X-VIVOTM15 media. BMDMs were cocultured
with NETosis-induced neutrophils for 24 h. The supernatant was
collected and quantified with a commercially available mouse Il1b ELISA
kit (DY401-05, R&D Systems). The cells were fixed with 4% paraformal-
dehyde for 15 min and permeabilized with 0.2% Triton X-100 for 10 min.
The slides were blocked with 10% goat serum in PBS. NETosis and
inflammasome activation were confirmed by staining with anti-CitH3
(1:200, ab5103, Abcam) and anti-Asc (1:200, sc-514414, Santa Cruz)
antibodies. The slides were mounted with ProLongTM Gold Antifade
Mountant and DAPI (Thermo Fisher Scientific). Confocal images were
taken on Zeiss LSM 900 and Airyscan 2 confocal laser scanning
microscopes.

Skin samples from human acne patients
The skin samples from the acne patients were obtained from the Ajou
University School of Medicine, Department of Dermatology. Approval for
use of their samples was obtained from the Ajou University Medical
Science Committee (AJOUIRB-KSP-20220142).

Statistical analysis
The statistical analyses were performed with the Prism software package
(Prism 9.0, GraphPad Software). Statistical significance was determined
with the Mann‒Whitney two-tailed unpaired t test for nonparametric
values and the Student two-tailed unpaired t test for parametric values. All
of the graphs depict the means ± standard deviations (SDs) unless
otherwise indicated. *, **, ***, and **** denote P values < 0.05, 0.01,
0.001, and 0.0001, respectively; ns nonsignificant.
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