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PSTPIP1 (proline-serine-threonine phosphatase-interactive protein 1)–associated

myeloid-related proteinemia inflammatory (PAMI) syndrome is a rare

autoinflammatory disease caused by heterozygous gain-of-function mutation in

PSTPIP1. As one of the PSTPIP1-associated inflammatory diseases (PAIDs),

neutropenia is a distinct manifestation to separate PAMI syndrome from other

PAIDs. This study aimed to investigate the potential role of neutrophils and

inflammatory signatures in the pathogenesis of PAMI. PAMI neutrophils displayed

markedly increased production of interleukin-1b (IL-1b) and IL-18 by enzyme

linked immunosorbent assay (ELISA) assay and intracellular cytokine staining. ASC

speck formation and lactic dehydrogenase (LDH) release are also increased in

patient neutrophils suggesting elevated pyrin inflammasome activation followed

by upregulated cell death in PAMI neutrophils. RNA sequencing result showed

strong inflammatory signals in both nuclear-factor kappa B (NF-kB) pathway and

interferon (IFN) pathway in patient neutrophils. This study highlighted that elevated

proinflammatory cytokines IL-1b and IL-18, increased pyrin inflammasome

activation, and upregulation of NF-kB and IFN signaling pathways in neutrophils

play important roles in pathogenicity of PAMI syndrome.
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Introduction

PSTPIP1 (proline-serine-threonine phosphatase-interactive protein 1)–associated

myeloid-related proteinemia inflammatory (PAMI) syndrome is a rare disease

combined autoinflammatory and immunodeficiency. It is caused by heterozygous

mutation p.E250K or p.E257K in PSTPIP1 (1). PAMI syndrome shares three main
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clinical features with PAPA (pyogenic arthritis, pyoderma

gangrenosum and acne) syndrome (1). Neutropenia,

hepatosplenomegaly, high myeloid-related protein 8 (MRP8)

and MRP12 concentration are distinct manifestation to separate

PAMI syndrome from PAPA syndrome, which is also caused by

PSTPIP1 mutation (1).

PSTPIP1 is a cytoskeleton-associated adaptor protein

involved in regulation of the actin cytoskeleton. It could bind

with pyrin and promote the interaction of pyrin and apoptosis-

associated speck-like protein containing a CARD (ASC) to

facilitate pyrin inflammasome formation (2, 3). Compared

with p.E250Q, the most common mutation in PAPA

syndrome, p.E250K or p.E257K mutation of PSTPIP1, shows

increased interaction with pyrin due to charge reversal in the y-

domain (1). As a consequence, pyrin inflammasome was

assembled to activate caspase-1 and process proinflammatory

cytokines pro–interleukin-1b (IL-1b) and pro–IL-18 into

mature IL-1b and IL-18 (4–6).

IL-18 is expressed by epithelia cells and macrophages. It has

an endogenous antagonist called IL-18 binding protein that is

induced by IFN-g. Although serum IL-18 elevation has been

previously reported associated with macrophage activation

syndrome (MAS) in systemic juvenile idiopathic arthritis,

adult-onset Still’s disease, and NLR family CARD domain

containing 4 (NLRC4) inflammasomopathy autoinflammation

(7, 8), recent study revealed that PAPA syndrome is associated

with chronic and unopposed elevation of serum IL-18 levels

without risk of MAS (9). Studies have shown that neutrophils

play a potential pathogenic role in PAPA syndrome. Enhanced

neutrophil extracellular trap formation has been detected in

neutrophils, low-density granulocytes, and skin biopsies of

patients with PAPA (10), which was related to the elevated

inflammatory cytokines. Although caused by mutations in the

same gene, PAMI syndrome is a more refractory

autoinflammatory disease compared with PAPA syndrome,

and the disease mechanisms of PAMI syndrome are still

poorly understood. This study aimed to investigate the

potential role of neutrophils and inflammatory signatures in

the pathogenesis of PAMI syndrome.
Materials and methods

Patient and sample

Patient and patient control (P2) were recruited under

protocols approved by the Institutional Review Board and the

Medical Ethics Committee of The Second Affiliated Hospital and

Yuying Children’s Hospital of Wenzhou Medical University

(number 2021-K-349-02). The parents of the patients provided

written informed consent. Patient control (P2) was a 9-year-old girl

who presentedwith anemia at the age of 3 years and then developed

with skin ulceration, pancytopenia, and splenomegaly. Whole
Frontiers in Immunology 02
exome sequencing (WES) revealed a de novo heterozygous

c.748G>A, p.E250K, pathogenic variant in the PSTPIP1

gene, so PAMI was diagnosed. Her condition was partially

controlled with steroid and cyclosporine. All of the following

laboratory investigations in neutrophils were performed after

immunosuppressive therapy.
Whole exome sequencing

DNA fromwhole bloodwas extracted using theMaxwell RSC

Whole Blood DNA Kit (Promega, AS1520). One microgram of

DNA was used for WES. WES and data analysis were performed

as previously described (11–13). The identified variant was then

confirmed by Sanger sequencing.
Cell preparation

Peripheral blood mononuclear cell (PBMCs) and neutrophils

were separated by lymphocyte separation medium (LSM) and

dextran according to the manufacturer’s instructions, respectively.

PBMCs and neutrophils were grown in RPMI-1640 (Gibco)

supplemented with 10% fatal bovine serun (FBS) and

penicillin/streptomycin.
Intracellular cytokine staining

Intracellular cytokine staining for IL-1b was measured in

neutrophils at baseline. Cells were washed twice with phosphate

belanced solution (PBS), then treated with Golgi plug (BD

Biosciences) for 6 h at 37°C, with 5% CO2, and then

permeabilized with Perm/Fix for 30 min at 4°C. Cells were

stained by antibodies IL-1b (BioLegend, cat. no. 508208). All

events were acquired on BD LSRFortessa (BD Biosciences) and

analyzed by FlowJo (TreeStar).
ASC speck formation

Neutrophils (5 × 104) of patient were seeded on each well of

24-well plate with one poly-L-lysine–coated 12-mm glass

coverslip (Shanghai Jing An Biology, J24002). The plate was

incubated in a humidified incubator (37°C, 5% CO2) for 3 h.

The coverslips were fixed with 500 ml of 4% Paraformaldehyde

(PFA) (15 min, 37°C) and rinsed three times with 1× PBS. The

coverslips were blocked with blocking buffer (1× PBS/5% normal

serum/0.3% Triton™ X-100) for 60 min. The coverslips were

incubated with the diluted primary antibody [ASC/TMS1 (E1E3I)

rabbit mAb, #13833] overnight at 4°C and then were rinsed with

the 1 × PBS. The coverslips were incubated with diluted

fluorochrome-conjugated secondary antibody for 1–2 h at room
frontiersin.org
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temperature in dark and rinsed with 1× PBS. Nuclei were stained

with 4,6-diamino-2-phenyl indole (DAPI) for 10 min. The

coverslips were visualized using zeiss LSM 710 laser scanning

confocal microscope, and images were acquired using ZEN-Blue.

Fiji-ImageJ software was used to analyze the images. The

percentage of ASC-specks containing cells was calculated as the

fraction of ASC-positive specks containing specks.
Cytokine measurement and LDH
detection

Cytokine concentrations for IL-1b and IL-18 in serum were

measured by Human IL-1b/IL-1F2 Duoset ELISA (R&D,

DY201) and Human Total IL-18 Duoset ELISA (R&D,

DY318) according to the manufacturer’s instructions. LDH

released in supernatant was measured with the LDH

Cytotoxicity Assay Kit (Beyotime, C0017) according to the

manufacturer’s instructions. The concentrations of IL-6 in

serum were measured by the BD Cytometric Bead Array (BD

FACSCanto) according to manufacturer’s instructions

(P010001-111). Data were analyzed by FCAP (3.0.1) software

(BD FACSCanto).
RNA sequencing

RNA libraries were generated using the NEBNext Ultra RNA

Library Prep Kit for Illumina (New England Biolabs) and then

sequenced on Illumina NovaSeq to get 150–base pair paired-end

reads. featureCounts was used to count the reads numbers

mapped to each gene. Differential expression analysis was

performed using the DESeq2 R package.
Results

A 6-year-old female patient born to Chinese healthy parents

presented with mild to moderate anemia (HGB, 80–100 g/L) from

the age of 6 months. At 1 year old, she presented with swelling and

pain of the left ankle, fever, and hepatosplenomegaly accompanied

with notable increase in inflammatory indexes. Joint incision and

drainage was done as pyogenic arthritis in local hospital. Then, she

developed hypotension and pancytopenia after operation. Serum

ferritin was high at 1,634 ng/ml. Laboratory investigation showed

elevation of liver enzymes (alanine transaminase, 151 U/L;

aspartate aminotransferase, 312 U/L), hypertriglyceridemia (2.2

6 mmol/L), and hypofibrinogenemia (0.85 g/L). A small number

of phagocytes were found in bone marrow cytology, and bone

marrow biopsy revealed myelofibrosis. She was diagnosed with

septic shock and treated with imipenem, vancomycin, and high-

dose dexamethasone (about 1.1 mg/kg/day). Her condition was
Frontiers in Immunology 03
relieved, and dexamethasone and antibiotic were withdrawn in 3

weeks. At the age of 4 years, she was hospitalized because of fever

and swelling and pain of her right elbow and left knee joint. Joint

fluid routine revealed white blood cell count (WBC; 100–150 ×109/

L)with > 90%neutrophils but negative gram stain and culture. Joint

ultrasound showed thickened synovium and joint effusion of elbow

and knee joint. Magnetic resonance imaging (MRI) of the elbow

and knee indicated diffuse bone marrow edema, thickened

synovium, and massive joint effusion (Figure 1A). Laboratory

testing showed elevated WBC (10.44 × 109/L), absolute

neutrophil count (ANC; 3.8 × 109/L), platelet count (690 × 109/

L), decreased hemoglobin (69 g/L), as well as increased acute phase

reactants such as serum amyloid A (SAA; 152 mg/L), C-reactive

protein (CRP; 173mg/L), and erythrocyte sedimentation rate (ESR,

64mm/h). Ibuprofenwas initiatedwith the dose of 28.6mg/kg/day.

One week later, ESR and CRP decreased to 38 mm/h and 31 mg/L,

respectively. However, leukopenia and neutropenia (WBC,

2.88×109/L; ANC, 0.67×109/L) were observed while the

inflammatory episode was partially controlled.

Considering the recurrence of the disease, autoinflammatory

disease was suspected. Prednisone tablets (about 0.71 mg/kg/

day) combined with IL-6 inhibitor tocilizumab of 160 mg (11.4

mg/kg) every 4 weeks were initiated, but ESR, CRP, and SAA

were not controlled well. Then recombinant human tumor

necrosis factor–a (TNF-a) receptor fusion protein etanercept

(0.8 mg/kg every week), cyclosporine (3 mg/kg/day) combined

with methotrexate (9.8 mg/m2)were initiated, and the disease

was controlled efficiently. ESR, CRP, and SAA gradually

returned to normal, and hepatosplenomegaly gradually

subsided. Reexamination of the left knee and right elbow joint

MRI indicated that the effusion in the articular cavity was

obviously reduced and synovitis was significantly improved

(Figure 1A). Without arthritis and fever, the remission state

had been maintained for a year until now, and the amount of

prednisone has been reduced to 5 mg daily (about 0.26 mg/kg/

day). No pyoderma gangrenosum and acne were found during

follow-up. Neutropenia persists despite being inactive status

(minimum, 0.61 × 109/L), but no recurrent infections were

observed. The genotype was a de novo mutation of p.E250K

(c.748G>A) in the PSTPIP1 gene and was also validated by

Sanger sequencing (Figures 1B–D), so the diagnosis of PAMI

syndrome was confirmed.

Neutropenia is a common symptom in PAMI syndrome,

and our patient showed low ANC as well. The reduction of

neutrophil happened after inflammation, but the relationship

between inflammation and neutropenia is still unclear in

patients with PAMI syndrome. We first measured ASC speck

formation, the hallmark of pyrin inflammasome activation (14,

15), in the patient neutrophils. We observed higher ASC speck

compared with healthy controls (Figures 2A, B); the similar level

of increased ASC specks was also confirmed in the second

patient with PAMI syndrome (P2), which indicated increased

pyrin inflammasome assembly and activation in neutrophils of
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FIGURE 1

Clinical manifestation of pre- and post-treatment and confirmation of the PSTPIP1 mutation in the patient with PAMI. (A) T2WI MRI signals of
knee and elbow joints pretreatment (A, C) and post-treatment (B, D). (B) Exome sequencing reads covering the p.E250K variant in patient,
displayed by the integrative genomics viewer. (C) Sanger sequencing confirmed the PSTPIP1 p.E250K variant. (D) Pedigree of the family with
p.E250K variant in PSTPIP1.
A

B E

D

C

FIGURE 2

Strong inflammatory signatures in the patient with PAMI compared with healthy controls. (A, B) Increased ASC speck formation in the
neutrophils of the patients (P1 and P2) compared with six healthy controls. (C) Excess levels of IL-18 and IL-1b in the serum of the patient1
compared with 12 and 9 healthy controls, respectively. (D) Higher IL-1b level in the neutrophils of the patient1 compared with four healthy
controls. (E) LDH release in the neutrophils of the patient1 compared with three healthy controls. ****p<0.0001.
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the patients with PAMI. Then, we measured IL-1b and IL-18

concentration released in serum by ELISA assay, and the patient

showed significant increased cytokines compared with healthy

controls (Figure 2C). In addition, the results were consistent

with the excess serum IL-18 observed in patients with PAPA (9),

and it also established the association of IL-18 with PAMI

syndrome. To confirm whether neutrophils contributed the

cytokine release in serum, we analyzed the IL-1b production

in neutrophils with intracellular cytokine staining. We detected
Frontiers in Immunology 05
elevated level of IL-1b in patient neutrophils at basal level

compared with four healthy controls (Figure 2D). The excess

production of IL-1b in neutrophils of the patient with PAMI

further confirmed that pyrin inflammasome was over activated

to promote downstream inflammatory cascade reaction in

the patient.

Moreover, the activation of pyrin is one of the prerequisites

for triggering pyroptotic cell death (pyroptosis) (16, 17).

Activated caspase-1 can specifically cleave Gasdermin D
A

B

D

C

FIGURE 3

Expression patterns of genes involved in IFN and NF-kB by RNA sequencing. (A) Upregulation of IFN pathway in neutrophils and PBMCs of the
patient1 compared with three healthy controls. (B) Upregulation of NF-kB pathway in neutrophils and PBMCs of the patient1 compared with
three healthy controls. (C) IFN response gene scores (28 genes) in neutrophils and PBMCs of the patient1 and healthy controls, determined with
RNA sequencing data. (D) GSEA plot of IFN-g response, inflammatory response, tumor necrosis factor–a (TNF-a) signaling via NF-kB, and IFNa
response in neutrophils from the patient1 and controls. ****p<0.0001. ***p<0.001.
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(GSDMD). The N-terminal of GSDMD was released to form

pores in cell membrane for cell contents release and cell rupture

and leads to inflammation (18–20). We measured LDH release, a

cytoplasmic enzyme released by dying cells that lose cell

membrane integrity (21), and increased LDH protein could be

detected in culture supernatant of patient neutrophils at the

basal level (Figure 2E). The results indicated increased cell death

in the neutrophils of the patient with PAMI promoted by pyrin

inflammasome activation.

RNA sequencing results showed upregulation of NF-kB and

IFN signaling pathways in the patient’s neutrophils and PBMCs

compared with healthy controls (Figures 3A, B). The results

were confirmed by higher IFN scores in the patient with PAMI

compared with healthy controls (Figure 3C). In addition, the

inflammatory gene expression is more elevated in neutrophil

than in PBMCs, and the IFN score is also higher in neutrophil

than in PBMCs in the patient. Therefore, the inflammatory

signature is higher in neutrophils compared with PBMCs in the

patient with PAMI (Figures 3A–C). The Gene Set Enrichment

Analysis (GSEA) plot showed higher IFN-g pathway,

inflammatory response, TNF-a signaling via NF-kB, and

IFNa pathway in patient neutrophils than controls

(Figure 3D). Consistent with NF-kB pathway activation, the

patient showed elevated IL-6 level of 120.5 pg/ml (normal range,

1.7–16 pg/ml) in serum.
Discussion

The main hematologic manifestation in PAMI syndrome is

neutropenia, but pancytopenia is also observed in a few cases in

acute active phase just like our patient in this study (22, 23). In

our patient, serum ferritin was high accompanied with

hypertriglyceridemia and hypofibrinogenemia, so it fulfilled

the criteria of MAS but misdiagnosed as septic shock at that

time. MAS has been reported in the previous literature (24), and

we speculate that the operation may be the stimulating factor of

MAS in our patient, because the recurrence of MAS was not

observed in the subsequent acute active phase. Bone marrow

biopsy in this case showed myelofibrosis. Although

myelofibrosis was not a common finding and the specific

pathogenesis is not clear, it had also been reported in other

patients with PAMI (25, 26).

Our study showed that the patient with PAMI exhibited

strong inflammatory signals in neutrophils including over

production of proinflammatory cytokines IL-1b and IL-18,

hyperactivation of pyrin inflammasome, and excess cell death

and upregulation of NF-kB and IFN signaling pathways, which

resulted in severe inflammation and may contribute to develop

neutropenia in patients with PAMI syndrome.

Patients with PAMI syndrome were rarer than PAPA

syndrome, and some cases remain refractory to treatment,
Frontiers in Immunology 06
suggesting that the disease is more difficult to be controlled.

hematopoietic stem cell transplant (HSCT) has been proved as

effective treatment for patients with PAMI syndrome (24).

According to previous reports, IL-1 inhibition did not resolve

neutropenia in PAMI syndrome (1, 25), whereas it was effectively

used for pyrin inflammasome–associated inflammation control in

other autoinflammatory disorders (27, 28). Targeting IL-1

combination with IL-18 inhibition might be helpful for disorders

with overproduction of both IL-1b and IL-18. Our study identified
hyperactivation of inflammatory signals in both NF-kB and IFN

pathways in the patient. In addition, the patient responded well to

TNF inhibitor, etanercept, and cyclosporine combinedwith steroid

and methotrexate, suggesting that targeting NF-kB signaling

pathway could also help to suppress the inflammation in PAMI

syndrome. Nevertheless, this study has certain limitations. First,

immunosuppressive therapy implemented in the patient could

influence the results. Second, more patients’ samples are needed to

provide a comprehensive analysis of the inflammatory signature of

PAMI syndrome, including a comparison of inflammatory

patterns of neutrophils with macrophages or monocytes of

PAMI syndrome and with neutrophils of PAPA syndrome. The

inflammatory signatures in neutrophils revealed in the patient with

PAMI in our study provided insights for better understanding of

the disease mechanisms.
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16. Masters SL, Lagou V, Jéru I, Baker PJ, Van Eyck L, Parry DA, et al. Familial
autoinflammation with neutrophilic dermatosis reveals a regulatory mechanism of
pyrin activation. Sci Transl Med (2016) 8:332ra45. doi : 10.1126/
scitranslmed.aaf1471

17. Yu P, Zhang X, Liu N, Tang L, Peng C, Chen X. Pyroptosis: mechanisms and
diseases. Signal Transduct Target Ther (2021) 6:128. doi: 10.1038/s41392-021-
00507-5

18. Shi J, Zhao Y, Wang K, Shi X, Wang Y, Huang H, et al. Cleavage of GSDMD
by inflammatory caspases determines pyroptotic cell death. Nature (2015)
526:660–5. doi: 10.1038/nature15514

19. He WT, Wan H, Hu L, Chen P, Wang X, Huang Z, et al. Gasdermin d is an
executor of pyroptosis and required for interleukin-1b secretion. Cell Res (2015)
25:1285–98. doi: 10.1038/cr.2015.139

20. Miao EA, Rajan JV, Aderem A. Caspase-1-induced pyroptotic cell death.
Immunol Rev (2011) 243:206–14. doi: 10.1111/j.1600-065X.2011.01044.x

21. Chan FK, Moriwaki K, De Rosa MJ. Detection of necrosis by release of
lactate dehydrogenase activity. Methods Mol Biol (2013) 979:65–70. doi: 10.1007/
978-1-62703-290-2_7

22. Borgia P, Papa R, D’Alessandro M, Caorsi R, Piaggio G, Angeletti A, et al.
Kidney involvement in PSTPIP1 associated inflammatory diseases (PAID): a case
report and review of the literature. Front Med (2021) 8:759092. doi: 10.3389/
fmed.2021.759092

23. Del Borrello G, Guardo D, Micalizzi C, Ceccherini I, Miano M, Gattorno M,
et al. Hemolysis and neurologic impairment in PAMI syndrome: novel
characteristics of an elusive disease. Pediatrics (2021) 147: e20200784.
doi: 10.1542/peds.2020-0784

24. Laberko A, Burlakov V, Maier S, Abinun M, Skinner R, Kozlova A, et al.
HSCT is effective in patients with PSTPIP1-associated myeloid-related proteinemia
inflammatory (PAMI) syndrome. J Allergy Clin Immunol (2021) 148:250–55.e1.
doi: 10.1016/j.jaci.2020.11.043
frontiersin.org

https://doi.org/10.1016/j.jaci.2015.04.016
https://doi.org/10.1016/j.molcel.2007.08.029
https://doi.org/10.1016/j.molcel.2007.08.029
https://doi.org/10.1073/pnas.2135380100
https://doi.org/10.1038/sj.cdd.4402142
https://doi.org/10.1016/s1097-2765(03)00056-x
https://doi.org/10.1016/s1097-2765(03)00056-x
https://doi.org/10.1073/pnas.0602081103
https://doi.org/10.1182/blood-2017-12-820852
https://doi.org/10.1093/rheumatology/kew300
https://doi.org/10.1002/art.41976
https://doi.org/10.1002/art.41976
https://doi.org/10.1136/annrheumdis-2018-213746
https://doi.org/10.1038/ng.3459
https://doi.org/10.1038/ng.3459
https://doi.org/10.1056/NEJMoa1307361
https://doi.org/10.1073/pnas.1612594113
https://doi.org/10.1038/ncomms11929
https://doi.org/10.1074/jbc.M104730200
https://doi.org/10.1126/scitranslmed.aaf1471
https://doi.org/10.1126/scitranslmed.aaf1471
https://doi.org/10.1038/s41392-021-00507-5
https://doi.org/10.1038/s41392-021-00507-5
https://doi.org/10.1038/nature15514
https://doi.org/10.1038/cr.2015.139
https://doi.org/10.1111/j.1600-065X.2011.01044.x
https://doi.org/10.1007/978-1-62703-290-2_7
https://doi.org/10.1007/978-1-62703-290-2_7
https://doi.org/10.3389/fmed.2021.759092
https://doi.org/10.3389/fmed.2021.759092
https://doi.org/10.1542/peds.2020-0784
https://doi.org/10.1016/j.jaci.2020.11.043
https://doi.org/10.3389/fimmu.2022.926087
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zheng et al. 10.3389/fimmu.2022.926087
25. Hashmi SK, Bergstrom K, Bertuch AA, Despotovic JM, Muscal E, Xia F,
et al. PSTPIP1-associated myeloid-related proteinemia inflammatory syndrome: a
rare cause of childhood neutropenia associated with systemic inflammation and
hyperzincemia. Pediatr Blood Cancer (2019) 66:e27439. doi: 10.1002/pbc.27439

26. Cox F, Bigley V, Irvine A, Leahy R, Conlon N. PAMI syndrome: two cases of
an autoinflammatory disease with an ALPS-like phenotype. J Clin Immunol (2022)
42 (5): 955–58. doi: 10.1007/s10875-022-01265-x
Frontiers in Immunology 08
27. ter Haar NM, Oswald M, Jeyaratnam J, Anton J, Barron KS, Brogan
PA, et al. Recommendations for the management of autoinflammatory
diseases. Ann Rheum Dis (2015) 74:1636–44. doi: 10.1136/annrheumdis-
2015-207546

28. Welzel T, Benseler SM, Kuemmerle-Deschner JB. Management of
monogenic IL-1 mediated autoinflammatory diseases in childhood. Front
Immunol (2021) 12:516427 doi: 10.3389/fimmu.2021.516427
frontiersin.org

https://doi.org/10.1002/pbc.27439
https://doi.org/10.1007/s10875-022-01265-x
https://doi.org/10.1136/annrheumdis-2015-207546
https://doi.org/10.1136/annrheumdis-2015-207546
https://doi.org/10.3389/fimmu.2021.516427
https://doi.org/10.3389/fimmu.2022.926087
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Strong inflammatory signatures in the neutrophils of PAMI syndrome
	Introduction
	Materials and methods
	Patient and sample
	Whole exome sequencing
	Cell preparation
	Intracellular cytokine staining
	ASC speck formation
	Cytokine measurement and LDH detection
	RNA sequencing

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


