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Methods
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Conclusion

Neutrophil extracellular trap formation (NETosis) increases atherosclerotic plaque vulnerability and athero-thrombosis. However,
mechanisms promoting NETosis during atherogenesis are poorly understood. We have shown that cholesterol accumulation due
to myeloid cell deficiency of the cholesterol transporters ATP Binding Cassette A1 and G1 (ABCA1/G1) promotes NLRP3 inflam-
masome activation in macrophages and neutrophils and induces prominent NETosis in atherosclerotic plaques. We investigated
whether NETosis is a cell-intrinsic effect in neutrophils or is mediated indirectly by cellular crosstalk from macrophages to neutro-
phils involving IL-1p.
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We generated mice with neutrophil or macrophage-specific Abcal/gl deficiency (S100A8CreAbcal™Abcg1™ or S
CX3CR1CreAbcal™ Abcg 1™ mice, respectively), and transplanted their bone marrow into low-density lipoprotein receptor knock- §
out mice. We then fed the mice a cholesterol-rich diet. Macrophage, but not neutrophil Abca/g1 deficiency activated inflamma- &
somes in macrophages and neutrophils, reflected by caspase-1 cleavage, and induced NETosis in plaques. NETosis was suppressed £
by administering an interleukin (IL)-1B neutralizing antibody. The extent of NETosis in plaques correlated strongly with the degree £
of neutrophil accumulation, irrespective of blood neutrophil counts, and neutrophil accumulation was decreased by IL-1f antag-
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These studies establish a new link between inflammasome-mediated IL-1f production in macrophages and NETosis in atheroscler- &
otic plaques. Macrophage-derived IL-1f appears to increase NETosis both by increasing neutrophil recruitment to plaques and by S
promoting neutrophil NLRP3 inflammasome activation.
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1. Introduction

NLRP3 inflammasome activation leads to the secretion of active IL-1f and
IL-18 and contributes to sterile inflammatlon in several metabolic diseases,
including obesity and atherosclerosis."* Antagonism of IL-1B decreased
CVD events in the Canakinumab Anti-inflammatory Thrombosis Outcome
Study (CANTOS),? indicating the importance of inflammatory processes
and likely inflammasomes in human athero-thrombosis. However, the me-
chanisms linking inflammasomes and IL-1f to aggravated atherosclerosis
remain incompletely understood.

Neutrophil extracellular traps (NETs), originally known for their role in
trapping bacteria and inactivating pathogens during inflammation as the
first line of host defence,* also promote atherosclerotic plaque vulnerabil-
ity and athero-thrombosis.”~® Several different factors including platelet ac-
tivation, hyperlipidaemia, and oxidized phospholipids can induce
NETosis.*”™'? Recent studies have shown that activation of NLRP3 and
non-canonical inflammasomes in neutrophils can also induce NETosis.">"®
However, the in vivo importance of neutrophil infllmmasome activation
and its potential role in atherosclerosis remain poorly understood.

Cholesterol efflux pathways exert anti-atherogenic effects by suppres-
sing inflammatory responses in myeloid cells.'®™"® The ATP binding cas-
sette transporters A1 and G1 (ABCA1 and ABCG1) mediate cholesterol
efflux to apolipoprotein A-1 and HDL."*™' Low levels of ABCA1/G1 in
monocyte/macrophages along with low plasma HDL levels commonly
occur in humans with poorly controlled diabetes mellitus,*? chronic kidney
disease,?* with myelopoiesis induced by trained immunity24 or simply with
ageing.” Deletion of these transporters by crossing Abca?™ Abcg 1™ mice
with different Cre strains enables an examination of the cell-specific effects
of cholesterol accumulation. Recently, we showed increased atheroscler-
osis and lesional NETosis in Ldlr™~ mice with myeloid deficiency of these
transporters (Myl-Abc?® mice), which was mediated through activation of
the NLRP3 inflammasome.'® However, whether NETosis was a
cell-intrinsic effect in neutrophils or was the result of inflhlmmatory
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crosstalk between macrophages and neutrophils could not be determined
in these studies.

To address this question, we generated mice with neutrophil-specific
(S100A8-Cre) or macrophage-specific (CX3CR1-Cre) knockout of
Abcal/g1 inthe LdIr™'~ background. Deficiency of ABC transporters specif-
ically in macrophages led to inflammasome activation in both macrophages
and neutrophils and elevated NETs in plaques whereas neutrophil
Abcal/g1 deficiency did not cause inflammasome activation or NETosis.
Moreover, IL-1B had a central role in this process since its neutralization
with antibodies reduced NETosis in atherosclerotic lesions of Myl-Abc?
Ldir™= mice. Our findings identify a new link between macrophage choles-
terol accumulation, inflammasome activation, IL-1B, and NETosis in ath-
erosclerotic plaques.

2. Methods
2.1 Animals

All mice except Abcal™Abcg1™ mice were from Jackson Laboratories.
Abca1™Abcg 1™ mice were generated in our laboratory by crossbreeding
Abcal™ mice (kindly provided by Dr. John Parks, Wake Forest
University)®® with Abcg?™ mice (generated at Columbia University),'”
and Abca 1™ Abcg1™™ mice were deposited at Jackson Laboratories (stock
number 021067). Stock numbers of other strains are indicated.
S100A8CreAbca1™Abcg1™® CSF1RCreAbcat™Abeg1™ and CX3CR1Cre
Abca1™ ﬂAbcg1ﬂ/ " mice were generated by crossbreeding Abca1™ ﬂAbcg1ﬂ/ﬂ
with ST00A8-Cre (021614), CSF1RCre (029206), or CX3CR1Cre (025524)
mice, respectively. LysmCreAbca1™Abcg1™ were generated by cross-
breeding Abca1™ Abcg1™® with LysmCre mice (004781), as described be-
fore."” Abca1f’/f’Abcg1f’/f’Nlrp3*/* LysmCreAbca1™Abcg 1" NIrp3 /=,
Abca1™Abcg1™Caspase1™~117", LysmCreAbca1™Abcg1™Caspase1™~117~

Abca1™Abcg1™Caspase 117/, and LysmCreAbca1™Abcg 1™ Caspase11 -

mice were generated by crossbreeding Abcal™Abcg1™  and
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LysmCreAbca1™Abcg1™ mice with Nirp3™~ (021302) or Caspase1™~ 117/~
mice (016621), as described previously,' or Caspase!1™~ mice
(024698). Ldlr™~ mice (002207) were bought. For most experiments, fe-
male mice were used since they are more prone to developing atherogen-
esis. Abca1™Abcg1™ mice are referred to as control mice, LysmCreAbca1™
Abcg 1™ mice as Myl-Abc®® mice, Abca1™Abeg 1™ NIrp3~'~ mice as Nirp3 ™/~
mice, Abcal™Abcg1™Caspase1™ 117~ mice as Caspasel™=117"~
mice, Abcal™Abcg1™Caspase11™/~ mice as Caspase!1™~ mice,
LysmCreAbcal™Abcg1™NIrp3™=  mice as  Myl-Abc™NIrp3™~  mice,
LysmCreAbca1™Abcg 1™ Caspase1™~117' mice as Myl-Abc*°Caspase 1™~
117~ mice, and LysmCreAbcal™Abcg1™Caspase11™~ mice as
Myl-Abc™Caspase 11~ mice. All mice used for these studies were on a
C57BL/6) background and were housed in a specific pathogen-free facility
under standard conditions of temperature (about 23°C) with a 12 h light—
dark cycle and food available ad lib (humidity was not noted). Cages and
water were changed every 14-21 days. For euthanasia, we used CO, inhal-
ation at a rate of 1.9—4.4 L/min for a minimum of 20 min, followed by cer-
vical dislocation. CO, is an asphyxiation agent used for endpoint euthanasia
in mice. No anaesthetics were used in our studies. All mouse experiments
were approved by the Institutional Animal Care and Use Committee of
Columbia University and were conducted in accordance with the
Institutional Animal Care and Use Committee of Columbia University
guidelines.

2.2 Bone marrow transplantation

At 8 weeks of age, female Ldlr™’~ mice were lethally irradiated with 1 dose
of 9.12 Gy from a cesium g source. At 24 h after irradiation, mice were in-
jected with 5-10%10° bone marrow (BM) cells in DMEM containing 2% FBS
from  control,  S100A8CreAbcal™Abcg1™  CSF1IRCreAbcat™
Abcg?™ CX3CR1CreAbcat™Abeg 1™ Myl-Abcd, Nirp3~"~,
Myl-Abc®°NIrp3™=,  Caspase1™ 1177, Myl-Abc™°Caspase1 ™~ 117",
Caspase11™~, or Myl-Abc*°Caspase1™~ mice. Mice were kept on a
chow diet for 5 weeks after BM transplantation to allow for complete re-
constitution of the BM, before Western-type diet (WTD; Harlan Teklad
TD88137) feeding for 8-8.5 weeks.

2.3 IL-1p antagonism study in vivo

Ldlr™~ mice were transplanted with BM from Myl-Abc®® mice and fed
WTD. After 6 weeks of WTD, anti-mouse monoclonal antibodies
(IgG2a) that selectively neutralize IL-1 (01BSUR, Novartis), or isotype-
matched control IgG2a (Novartis) were administered subcutaneously at
a dose of 10 mg/kg weekly.?” Mice received three injections of antibody
at 6, 7, and 8 weeks of WTD. At 8.5 weeks of WTD, mice were sacrificed
to evaluate the contribution of IL-1B to NETosis.

2.4 Atherosclerosis studies

After the indicated period of time on WTD, mice were sacrificed and
hearts were perfused with PBS, isolated, and fixed in phosphate-buffered
formalin. Subsequently, hearts were dehydrated and embedded in paraffin,
and were cross-sectioned throughout the aortic root area. Haematoxylin-
eosin staining was performed on the sections, and the average from six sec-
tions for each animal was used to determine lesion size. Lesion size and
necrotic area were quantified by morphometric analysis using Image-Pro
Plus software (Media Cybernetics, USA).

2.5 Immunofluorescence staining on

atherosclerotic plaques

For staining of NETs, paraffin sections were incubated in Tris-Base EDTA
at pH 9.0 (15-20 min; pressure cooker) for antigen retrieval. Then, sec-
tions were blocked in PBS containing 10% goat serum for 30 min at 4°C.
Subsequently, sections were incubated o/n at 4°C with biotinylated mye-
loperoxidase (MPO) (1:30; R&D systems; BAF3667), Ly6G (1:200;
BioLegend; 127602) or Mac-2 (1:10000; Cedarlane; CL8942). When citrul-
linated histones were stained, sections were concomitantly incubated with

Anti-Histone H3 (citrulline R2+R8+R17) antibody (1:300; Abcam;
ab5103). For MPO staining, the sections were then incubated with
Streptavidin  Alexa Fluor 488 (1:200; Invitrogen/Life Technologies;
$11223). Anti-rat CF 488A (1:200; Thermo Fisher, A11006) was used as
a secondary antibody for Ly6G and Mac-2 staining. When citrullinated his-
tones were stained, sections were concomitantly incubated with
Alexa-647 (1:200; Invitrogen; A-21447). Sections were mounted using
ProLong Gold Antifade Mountant with DAPI (Thermofisher; P3693) and
imaged using a Leica DMI6000B microscope running Leica software. The 5
MPO-positive area was quantified using Image-Pro Plus software (Media 2
Cybernetics, USA) and expressed as % of the total lesion area. The overlap 3
of MPO staining with citrullinated histone staining or Ly6G staining with ci- &
trullinated histone staining was assessed as NETs and quantified as % of to- g
tal lesion area using Image-Pro Plus software (Media Cybernetics, USA).
The data show the average of three sections from one mouse that were
taken at the same location in the aortic root for each animal, adjacent to &
the sections used for the first and the sixth atherosclerotic lesion measure- £
ment, and in between the third and fourth.
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2.6 In vitro NETs assay
Bone marrow neutrophils were isolated using Ly6G coated beads (Mllteny|
Biotec) according to the manufacturer’s instructions. Cells were plated on
Poly-L-Lysine coated plates and allowed to adhere for 30 min at 37°C in 2
DMEM supplemented with 1% pen-strep. Cells were then treated with ©
100 ng/ml IL-1B (15271-5UG, Sigma) and/or 100 ng/mL G-CSF (250-05, 2
Peprotech) or conditioned medium for macrophages (see fur'ther
description below) for 3 h. For NLRP3 inhibition experiments, cells were & m
pre-treated with MCC950 (40 nM, Cayman, 17510) for 30 min, and
subsequently, IL-1p or macrophage-conditioned medium was added for g
a period of 3 h. For cholesterol loading experiments, neutrophils were 3
treated with acetylated LDL (acLDL) at a concentration of 25 pg/mL%
for 3 h during incubation with IL-1B. For experiments evaluating the con- %
tribution of oxidized lipids to NETosis, neutrophils were treated with & 3
100 pg/mL oxidized LDL (oxLDL) or 20 pg/mL 1-palmitoyl-2-arachidonoyl- & g
sn-glycero-3-phosphorylcholine for 3 h. Cells were then washed with & 2
PBS, fixed in 4% paraformaldehyde (10 min; RT), washed twice usmgo—
PBS, permeabilized with PBS-T for 10 min, and incubated overnight at 4°
Cin PBS 1% BSA containing anti-histone H3 (citrulline R2 + R8 + R17) anti- ‘=
body (1:250; Abcam; ab5103) and biotinylated MPO antibody (1:30; R&D C
systems; BAF3667). Subsequently, cells were washed and incubated in PBS <
containing anti-rabbit CF 647 (Sigma; SAB4600184) antibody (1:200) and g
Streptavidin Alexa Fluor 488 (1:200; Invitrogen/Life Technologies; &
$11223) for 30 min at RT. Cells were mounted using ProLong Gold & O
Antifade Mountant with DAPI (Thermofisher; P3693) and imaged using a 3
Leica DMI6000B microscope running Leica software. The overlap of citrul- a
linated histones and DAPI was quantified using Image-Pro Plus software =
(Media Cybernetics, USA) and expressed as % of total cells. For experi-
ments employing acLDL, cholesterol loading was verified using kit from o
Wako (Cholesterol E; 999-02601) following lipid extraction using the 2
Folch method.
For experiments employing conditioned medium from control and-3
Myl-Abc®™® macrophages, BM was isolated from these mice by flushing‘g
bones with PBS. Cells were then cultured in DMEM supplemented with g
10% FBS, 1% pen-strep, and 20% L929-cell conditioned medium for a per-
iod of 5 days, to obtain fully differentiated macrophages. To induce NLRP3 9 N
inflammasome activation, cells were stimulated with LPS (20 ng/mL;
Sigma-Aldrich, L3024) for 3h and incubated with ATP (5 mM;
Sigma-Aldrich, GE27-2056-01) for 30 min. Cells were then washed
with PBS and subsequently incubated for 1 h in DMEM supplemented
with 1% pen-strep. The medium was collected and was mixed 1:1 with
DMEM containing 1% pen-strep, and incubated with neutrophils (collected
as described above) that had been pre-treated with IL-1f antibody, IgG
control (both 100 pg/mL) or MCC950 (details stated above) for 30 min.
Macrophage-conditioned medium was then added and after 3h,
NETosis was assessed as described above.
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2.7 Inflammasome assay

Bone marrow-derived macrophages (BMDMs) were preincubated with
LPS (20 ng/mL) for 3 h and then incubated with 2 mM ATP (Sigma-
Aldrich, GE27-2056-01) or 10 pg/mL Nigericin  (Sigma-Aldrich,
SML-1779) for 1 h. To assess inflammasome activation in neutrophils, con-
trol and Myl-Abc®™® neutrophils were incubated with a conditioned medium
from control macrophages treated with LPS or LPS + ATP as described in
the in vitro NET assay section above. Net IL-1B secretion from neutrophils
was calculated by subtracting IL-1B concentration before incubation with
macrophage-conditioned medium from the IL-1 concentration after incu-
bation with macrophage-conditioned medium. IL-1B secretion into the
media was measured using ELISA (R&D Systems; DY401). Data were nor-
malized to a protein concentration of neutrophil cell lysates. IL-1[3 cleavage
in neutrophil cell lysates was assessed by western blot using a primary anti-
body from Abcam (ab9722) and an anti-rabbit secondary antibody from
Cell Signaling (7074).

2.8 Flow cytometry

For quantification of blood myeloid cells, blood was collected by tail bleeding
into EDTA-coated tubes and immediately put on ice. The samples were kept at
4°C for the whole procedure unless stated otherwise. Red blood cells (RBCs)
were lysed (BD Pharm Lyse, BD Bioscience), and white blood cells (WBCs)
were centrifuged, washed, and resuspended in FACS buffer. Cells were stained
with a cocktail of antibodies against CD45-APC-Cy7, Ly6-C/G-PerCP-Cy5.5
(BD Pharmingen; 557659 and 561103, respectively), and CD115-APC
(eBioscience; 17-1152) in FACS buffer. Monocytes were identified as
CD45"CD115" and further separated into Ly6C" and Ly6C'"® subsets, and
neutrophils were identified as CD45"CD115°Ly6C/G™ (Gr-1).

2.9 Isolation of Ly6G + neutrophils,
Ly6G-CD11b + monocytes, Western blot,
and qPCR

Spleens were mashed on a 40 um filter and RBCs were lysed (BD Pharm
Lyse, BD Bioscience). First, Ly6G" neutrophils were isolated, using Ly6G"*
(#130-120-337) coated microbeads, and then, from the same sample
Ly6G CD11b" monocytes were isolated, using CD11b" (#130-
049-601) coated microbeads (Miltenyi Biotec). Caspase-1 or IL-1B cleav-
age was assessed by Western blot using a primary antibody from
eBioscience (14-9832) or Abcam (ab9722) and an anti-rat secondary anti-
body from Cell Signaling (7077) or anti-rabbit secondary antibody from
Cell Signaling (7074), respectively, and Abcal and Abcgl by Western
blot using antibodies from Novus Biologicals (NB400-105 and
NB400-132, respectively).

To assess MRNA expression of Abca? or Abcg1 in BM myeloid cells, BM was
isolated and treated similarly to the splenic homogenate described above to
isolate Ly6G" neutrophils and Ly6G~CD11b" monocytes. RNA from these
cells was isolated using a Qiagen RNeasy kit and cDNA was synthesized using
kits from Thermo Scientific (Maxima First Strand cDNA synthesis kit; 1642).
Primers for Abca? were 5'-GTGAATGGGCAATTCGCAAACT-3' (forward)
and 5'-AGATCTCCCCTCCTTGACAATGC-3' (reverse), for Abcg? 5'-TG
TTCAGGAGGCCATGATGGT-3" (forward) and 5-TGGCCAGGCG
TTTCCG-3' (reverse), and for Nirp3 5'- ATTACCCGCCCGAGAAAGG-3'
(forward) and 5'-TCGCAGCAAAGATCCACACAG-3' (reverse). Initial dif-
ferences in RNA quantity were corrected by using the housekeeping gene
m36B4. SYBR Green Master Mix was from Applied Biosystems (by
ThermoScientific; 4385612) and qPCR was run on a StepOne Plus
Real-time PCR Systems from Applied Biosystems.

2.10 Plasma cholesterol, IL-18, IL-1p, and
G-CSF
Mouse plasma was isolated through centrifugation of blood at 12 000 g for

10 min at 4°C. IL-18, IL-1B, and G-CSF plasma levels were measured by
ELISA (MBL International, 7625) and (Abcam, ab229440 and R&D systems

MCS00), respectively. Total plasma cholesterol was determined using a
cholesterol E assay (Wako, cat. no. 999-02601).

2.11 Power calculations

For all animal studies, power calculations were performed based on
NETosis data in atherosclerotic lesions from our previous studies that
showed that myeloid Abcat/g1 deficiency enhanced NETosis in plaques
of Ldlr”™ mice."® Effect sizes were estimated at 8-fold increases in
NETosis in Myl-Abc®® Ldlr™~ mice vs. controls and standard deviations
at 75% of the highest value. Based on these calculations, a minimum of
n=13 Ldr’~ recipient mice per group were used for NETosis measure-
ments in atherosclerotic plaques for ~80% chance to detect a difference
where P=0.05.

2.12 Statistical analysis

All data are presented as means + SEM. The number of mice included in the
experiments can be found in the figure legends. All data are based on bio-
logical replicates. Outliers were excluded if the ROUT coefficient Q was
<1% as determined by the Prism software. The student’s t-test was used
to define the differences between two data sets. For three or more data
sets, one-way ANOVA coupled with Tukey’s test for multiple comparisons
was used. In the case of concomitant comparison of two independent vari-
ables, two-way ANOVA coupled with Sidak’s test for multiple compari-
sons was used. The criterion for significance was set at P <0.05.
Statistical analyses were performed using GraphPad Prism 8 software
(San Diego, CA). A two-tailed t-test was performed to test the hypothesis
that the slope of the two regression lines was different.

3. Results

3.1 Neutrophil Abca1/g1 deficiency does not

promote NETosis in atherosclerotic plaques

Previously, we showed increased lesional NETosis in female LdlIr™'~ mice
with myeloid deficiency of Abcal/g1."® We also observed an increase in
NETosis in male Ldlr™~ mice transplanted with Lysm-CreAbca 1™ Abcg 1™
(Myl-Abc™°) BM compared with Abcal™Abcg1™ (control) BM; however,
at plasma cholesterol levels similar to our previously published data in fe-
males'” (see Supplementary material online, Table S1), the size of lesions
was ~50% smaller in male mice compared with our previously published
data in females,'® and many had small or no detectable NETs (see
Supplementary material online, Figure ST A-D), while our previously pub-
lished data in females showed that all lesions from MyI—Abcdk" BMT Ldlr™~
mice had NETs."® Therefore, we carried out further studies in female
mice. To assess the role of neutrophil Abcal and Abcg? in inflammasome
activation and NETosis during atherogenesis, we generated S7100A8-
CreAbca1™Abcg1™ mice and Abca1™Abcg1™ littermate controls and
transplanted their BM into Ldlr™~ mice. Ldlr™’™ mice transplanted with
S100A8-CreAbcal™Abeg 1™ (S100A8-CreAbc™®) BM showed >90% de-
crease in Abcal and Abcg? mRNA expression in BM neutrophils
(Figure 1A) compared with Abcal™Abcg1™ (control) BM transplanted
(BMT) Ldlr™'~ mice and a modest reduction of Abca? and Abcg? mRNA ex-
pression in monocytes (Figure 1B), in line with high expression of
S100A8-Cre in neutrophils and modest expression in monocytes.”® We re-
fer to S100A8-CreAbca1™ Abcg1™ mice as S100A8-CreAbc® or as neutro-
phil Abcal/gi-deficient with the caveat that they also show a partial
reduction in Abcal/g1 expression in monocytes. After 8 weeks of WTD
feeding, we observed no effects of neutrophil Abcal/g1 deficiency on plas-
ma IL-18 levels, while IL-1f plasma levels were low and slightly decreased
(see Supplementary material online, Figure S2 A and B). Neutrophil Abca1/
g1 deficiency did not affect the cleavage of the caspase-1 p45 pro-form into
its active p20 form (see Supplementary material online, Figure S2 C), a
marker of inflammasome activation, in splenic neutrophils, indicating that
unlike myeloid Abcal/g1 deficiency, neutrophil Abcal/g! deficiency did
not affect inflammasome activation. Plasma G-CSF (see Supplementary
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Figure 1 Neutrophil Abcal/g1 deficiency does not affect NETosis in atherosclerotic plaques of Ldlr™~ mice. Ldlr™~ mice were transplanted with bone mar-
row (BM) from Abca1™Abcg1™ (control) or S100A8CreAbca ™ Abcg1™ (S100A8-Cre-Abc™) mice and fed Western-type diet (WTD) for 8 weeks. (A-B)
Ly6G" neutrophils (A) and Ly6G"CD11b" monocytes (B) were isolated from BM and Abca? and Abcg? mRNA expression was assessed. n=5. *P < 0.05,
by t-test. (C) Mice were sacrificed and hearts were isolated, sectioned, and neutrophils were stained in atherosclerotic lesions of the aortic root using mye-
loperoxidase (MPO). Lesions were also stained for citrullinated histones 2, 8, and 17 (3HCit). NETs show an overlap of MPO and 3HCit staining.

Representative pictures are shown. Scale bars: 25 um.

material online, Figure S3A) and blood neutrophil numbers but not mono-
cytes (see Supplementary material online, Figure S3B) were slightly elevated
in $100A8-CreAbc®™° mice, presumably due to the modest reduction of
Abca1/g1 in monocytes. Indeed, our previous work has shown that mono-
cyte/macrophage Abcal/g1 deficiency increases G-CSF plasma levels and
blood neutrophils."” Neutrophil Abca/g1 deficiency did not affect athero-
sclerotic lesion size (see Supplementary material online, Figure S3C) or
Mac-2" macrophage area in atherosclerotic plaques (see Supplementary
material online, Figure S3D) at similar plasma cholesterol levels (see
Supplementary material online, Table S7). We evaluated neutrophils in ath-
erosclerotic lesions, by staining for myeloperoxidase (MPO). MPO-positive
cells were almost undetectable and were not different between genotypes
(Figure 1C and Supplementary material online, Figure S3E). Lesions were
co-stained for citrullinated histones 2, 8, and 17 (3HCit), and to assess
NETs, the overlap of MPO and 3HCit was quantified. The NET" area
was very low and not affected by neutrophil Abcal/gl! deficiency
(Figure 1C and Supplementary material online, Figure S3F). These findings

show that neutrophil Abcal/g1 deficiency does not affect inflammasome
activation in splenic neutrophils or NETosis in atherosclerotic plaques.

3.2 Macrophage Abca1/g1 deficiency
activates macrophage and neutrophil

inflammasomes and plaque NETosis

To determine whether macrophage Abca® and Abcg1 led to inflammasome
activation and NETosis in atherosclerotic plaques, we first generated
CSF1R-CreAbca1™Abcg 1™ (CSF1R-CreAbc™°) mice and Abca 1™ Abcg 17 lit-
termate controls and transplanted their BM into Ldir™~ mice that were
subsequently fed WTD. CSF1R-CreAbc™® BMT Ldir”’~ mice displayed
prominent neutrophil accumulation and NETosis in atherosclerotic pla-
ques (see Supplementary material online, Figure S4A) similar to mice with
myeloid Abca1/g1 deficiency,'® while Mac-2* macrophage area was not af-

fected (see Supplementary material online, Figure S4B), at plasma
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cholesterol levels that were similar to mice with myeloid Abcal/g1 defi-
ciency'” (see Supplementary material online, Table S1). However, even
though the CSF1R-Cre strain was originally developed as a macrophage-
specific promoter, high expression in other leukocyte subpopulations
has been reported,”” and we found that Abcal and Abcg1 were efficiently
deleted in BM monocytes and neutrophils in CSF1R-CreAbc™® compared to
Abca1™Abcg 1™ (control) BMT Ldlr™~ mice (see Supplementary material
online, Figure S5A). In addition, similar to mice with myeloid Abca1/g1 defi-
ciency,"” percentages of blood monocytes and neutrophils were increased
in CSF1R-CreAbc™® BMT Ldir”~ mice compared with controls (see
Supplementary material online, Figure S5B). Previous data we obtained in
WTD-fed Ldlr™~ mice with myeloid Abcat/g! deficiency showed no ef-
fects on total WBC (see Supplementary material online, Figure S5C), indi-
cating that effects on percentages of blood CD45" cells mirror effects on
absolute WBC counts in this setting.

We next generated CX3CR1-CreAbcal™Abcg1™ mice and Abca1™
Abcg 1™ littermate controls and transplanted their BM into Ldlr™~ mice.
Ldr™~ mice transplanted with CX3CR1-CreAbcal™Abcg1™ (CX3CR1-
CreAbc™®) BM showed >90% decrease in ABCA1 and ABCG1 protein
and mRNA expression in splenic monocytes/macrophages (Figure 2A and
Supplementary material online, Figure S6A) but no change in neutrophils
(Figure 2B and Supplementary material online, Figure S6A) compared with
Abcal™Abcg1™  (control) BMT  Ldlir’~ mice. We refer to
CX3CR1-CreAbcal™Abcg 1™ mice as CX3CR1-CreAbc™® or macrophage
Abca1/g1-deficient. After 8 weeks of WTD feeding, macrophage Abcal/
g1 deficiency increased blood monocytes and neutrophils (see
Supplementary material online, Figure S6B) and plasma G-CSF by twofold
(see Supplementary material online, Figure S6C) as well as spleen weight
(see Supplementary material online, Figure S6D) in line with previous obser-
vations in mice with myeloid Abcal/g1 deficiency.'”° Similar to WTD-fed
Ldir™~ mice with myeloid Abcal/g1 deficiency, macrophage Abcal/g? defi-
ciency decreased plasma cholesterol levels by ~50% (see Supplementary
material online, Table S7), and did not affect atherosclerotic lesion size
or lesion macrophage content as expected'’ (see Supplementary
material online, Figure S7A-C), but markedly increased MPO™ neutrophils
and NETs in atherosclerotic plaques (Figure 2C). The lack of effect of
macrophage Abcal/g1 deficiency on lesion area was expected due to the
~50% decrease in plasma cholesterol levels, similar to Ldlr™"= mice with
myeloid Abcal/g1 deficiency’ 737 that likely reflects monocyte/macrophage
cholesterol accumulation and decreased sterol regulatory element—binding
protein-1c mRNA expression in the liver."”*' Macrophage Abcal/g1 defi-
ciency increased active caspase-1 (p20) in both Ly6G~"CD11b" splenocytes
(monocytes/macrophages) (Figure 3A) and Ly6G" splenocytes (neutro-
phils) (Figure 3B) as well as caspase-1 cleavage in these cells (see
Supplementary material online, Figure S8), and plasma IL-18 levels
(Figure 3C). To further substantiate NIrp3 inflammasome activation,
BMDMs from control or CX3CR1-CreAbc™® mice were treated with LPS
and then nigericin. Both IL-1B secretion (Figure 3D) into the media and
IL-1B cleavage in cell lysates (Figure 3E) were significantly elevated in
BMDMs from CX3CR1-CreAbc®™® mice. Together, these findings indicate
that macrophage Abca1/g1 deficiency elevates plasma G-CSF, blood, and
plaque neutrophils, and NETs in plaques and promotes inflammasome ac-
tivation in both macrophages and neutrophils.

3.3 IL-1p antagonism reduces neutrophil
accumulation and NET osis in atherosclerotic

lesions

Plaque NETosis in mice with myeloid Abca1/g1 deficiency is dependent on
the NLRP3 inflammasome.'® To determine if NETosis is dependent on
IL-1B, an active product of the NLRP3 inflammasome, we antagonized
IL-1p via the administration of neutralizing antibodies. To simulate a thera-
peutic scenario, antibodies were administered during the latter phase of
diet treatment. Ldlr”~ mice were transplanted with BM from
LysmCreAbca1™Abcg 1™ (Myl-Abc®™°) mice and fed WTD. After 6 weeks
of WTD, anti-mouse monoclonal antibodies (IgG2a) that selectively

neutralize IL-1p or isotype-matched control IgG2a were administered sub-
cutaneously (three doses of antibody at 6, 7, and 8 weeks of WTD), and
mice were sacrificed after 8.5 weeks of WTD. This short-term administra-
tion of IL-1B antibodies had no effect on plasma cholesterol levels (see
Supplementary material online, Table S7), atherosclerotic lesion area, nec-
rotic core area, plasma IL-18, blood leukocyte or neutrophils, or plasma
G-CSF, but slightly decreased spleen weight (see Supplementary material
online, Figure SPA—F). In atherosclerotic lesions, IL-13 antagonism signifi-
cantly decreased both Ly6G" (Figure 4A) and MPO™ (Figure 4B) neutrophils
and NETs measured by Ly6G'/3HCit (Figure 4A) and MPO'/3HCit
(Figure 4B and Supplementary material online, Figure S10) co-staining.
Neutrophil accumulation in plaques correlated strongly with the extent
of NETosis in mice treated with control IgG or IL-1B antibody, suggesting
that neutrophil abundance in lesions was a major determinant of the extent
of NETosis. However, the regression line for the IL-1f antibody group ap-
peared to have a reduced slope (P =0.05, by a two-tailed t-test) suggesting
an additional mechanism for reducing NETosis (Figure 4C). We considered
the possibility that this might reflect reduced neutrophil inflammasome ac-
tivation. Accordingly, IL-1B antagonism significantly decreased the active
form of IL-1B (p17, Figure 4D) in splenic neutrophils. These data show
that the IL-1B antibody reduced neutrophil inflammasome activation,
which could contribute to decreased NETosis."*'> Thus, the administra-
tion of neutralizing IL-1f antibodies reduced the neutrophil content of ath-
erosclerotic plaques with a parallel effect on NETosis but could also
potentially decrease NETosis by reducing neutrophil inflammasome
activation.

3.4 Macrophage-derived IL-1p induces
NETosis by activating the NLRP3

inflammasome in neutrophils

We carried out further experiments with cultured cells to assess the me-
chanisms of NETosis induced by IL-1f. First, we loaded BM neutrophils iso-
lated from control and Myl-Abc™® mice with acLDL. In the basal state,
Myl-Abc™® neutrophils had significantly higher cholesterol levels than con-
trol macrophages and this was further increased by acLDL loading in both
groups (Figure 5A). However, increased cholesterol content due to acLDL
loading did not lead to an increase in NETosis (Figure 5B). In contrast, the
addition of IL-1 increased NETosis; the effect was similar in control and
/\/IyI—Abcdk" neutrophils (Figure 5B and Supplementary material online,
Figure S11) suggesting that increased NETosis in Abca1/g1-deficient neutro-
phils is not a cell-intrinsic process.

To test the hypothesis that macrophage inflammasome activation and
IL-1B can directly activate NETosis, we treated BM neutrophils isolated
from control mice with conditioned media from control and Myl-Abc™®
BMDMs. Macrophages were treated with LPS and ATP to activate the
NLRP3 inflammasome. Then fresh media not containing LPS/ATP was
added for 1 h to allow for secretion of IL-1p and other cytokines, followed
by media transfer to control neutrophils, in the presence of 100 pg/mL IgG
control or IL-1B antibodies. Media from LPS-/ATP-treated macrophages
from both genotypes, but, as shown by two-way ANOVA, especially
from Myl-Abc®*® BMDM:s, induced NETosis, which was completely blocked
by IL-1B antibodies (Figure 5C). This indicates a direct effect of IL-1p on
NETosis. We next assessed whether IL-1p induces NETosis via activation
of the neutrophil NLRP3 inflammasome. To test this, we first assessed in-
flammasome activation in control or Myl-Abc®™° neutrophils treated with
media from LPS/ATP-treated control macrophages. Both neutrophil
IL-1B cleavage (see Supplementary material online, Figure S12A) and
IL-1B secretion (see Supplementary material online, Figure S12B) were in-
creased by macrophage-conditioned media to a similar level in both geno-
types. Next, we treated control and Myl-Abc®® BM neutrophils with
MCC950, a specific NLRP3 inflammasome inhibitor*>*® for 30 min prior
to IL-1B treatment. NLRP3 inflammasome inhibition abolished
IL-1B-induced NETosis in neutrophils from mice of both genotypes
(Figure 5D). Two-way ANOVA in this experiment suggested a significant
effect of neutrophil genotype on NETosis in vehicle and
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Figure 2 Macrophage Abca1/g1 deficiency induces neutrophil accumulation and NETosis in atherosclerotic lesions. Ldir™= mice were transplanted with BM
from Abca1™Abcg1™ (control) or CX3CR1CreAbcatl™Abcg1™ (CX3CR1Cre-Abc™) mice and fed WTD for 8 weeks. Ly6G~CD11b"* splenic monocytes/
macrophages (A) and Ly6G" splenic neutrophils (B) were isolated and Abcal and Abcg1 protein expression was assessed by Western blot, corrected for
B-actin, and quantified. n =4. Unedited gels are shown in Supplementary material online, Figure S16. (C) In atherosclerotic lesions, neutrophils were stained
using MPO, and the MPO" percentage of lesion size was quantified. Lesions were also stained for 3HCit. To assess NETs, the overlap of MPO and 3HCit was
quantified. Representative pictures are shown. Scale bars: 75 um. Each datapoint represents an individual mouse. n=12. ***P < 0.001, by t-test.

MCC950-treated neutrophils. MCC950 pre-treatment of control neutro-
phils inhibited NETosis induced by conditioned media from control and
Myl-Abc™® BMDMs  (Figure 5E). IL-1P treatment or macrophage-
conditioned media elevated Nirp3 mRNA and protein expression in both
Myl-Abc®° and control neutrophils (see Supplementary material online,
Figure $12C and D), consistent with its role in activating MAP kinase signal-
ling pathways>* and thus increasing inflammasome priming. In conclusion,
IL-1p secreted from Myl-Abc™® macrophages activates NET formation by
triggering NLRP3 inflammasome activation in neutrophils. This effect

appeared to be largely independent of neutrophil genotype; however, a
small impact of neutrophil genotype on NETosis cannot be completely
excluded.

We previously have shown that myeloid Abca1/g1 deficiency activated
the non-canonical inflammasome, reflected by caspase-11 cleavage.
However, haematopoietic caspase-11 deficiency did not affect plaque
NETosis (see Supplementary material online, Figure S13). Plasma G-CSF
is elevated in mice with myeloid or macrophage Abcal/g! deficiency’”*°
and G-CSF is known to prime neutrophils for NET release.®® We,
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Figure 3 Macrophage Abca1/g1 deficiency induces inflammasome activation in monocytes, macrophages, and neutrophils of Ldlr

~~ mice. Ldlr ™ mice were

transplanted with BM from Abcal1™Abcg1™ (control) or CX3CR1CreAbca 1™ Abcg 1™ (CX3CR1Cre-Abc®®) mice and fed WTD for 8 weeks. Ly6G~CD11b*
splenic monocytes/macrophages (A) and Ly6G" splenic neutrophils (B) were isolated and caspase-1 cleavage was assessed by Western blot. To quantify
caspase-1 cleavage, the p20 cleaved form of caspase-1 was divided by the p45 pro-form. n=4-6. (C) Plasma IL-18 levels. (D—E) IL-1p secretion from control
or CX3CR1Cre-Abc™ BMDM s treated with 20 ng/mL LPS for 3 h, and with 10 pg/mL nigericin for an additional 1 h. (D) IL-1p secretion was assessed by ELISA.
(E) Immunoblot of IL-1p cleavage of cell lysates. Unedited gels are shown in Supplementary material online, Figure S77. Each datapoint represents an individual
mouse. n=14. ¥P < 0.05, ** P < 0.01, #¥*P < 0.001 (A-C) by t-test and (D-E) by one-way ANOVA.

therefore, assessed a potential in vivo role of G-CSF in mediating the effects
of myeloid Abca1/g1 deficiency on NETs. However, we found that neither
haematopoietic Nirp3 nor Caspase-1/11 deficiency reduced elevated plas-
ma G-CSF levels in WTD-fed Myl-Abc™® BMT LdIr’~ mice (see
Supplementary material online, Figure S14A), even though these deficien-
cies virtually abolished plaque NETosis.'® This indicates that although

G-CSF increased NET formation similar to IL-1f in vitro (see
Supplementary material online, Figure S14B), elevated plasma G-CSF is
not sufficient to induce plaque NETosis in Myl-Abc™® BMT Ldir™~ mice.
oxLDL did not induce NETosis, while oxidized phospholipids induced
NETosis to a similar extent in neutrophils from control or Myl-Abc®®

mice (see Supplementary material online, Figure S15).
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Figure 4 IL-1pB antagonism decreases neutrophil content and NETosis in atherosclerotic lesions of Ldir™= mice with myeloid Abca1/g1 deficiency. Ldlr™'~
mice were transplanted with BM from LysmCreAbca 1™ Abcg 1™ (Myl-Abc™°) mice and fed WTD. The anti-mouse monoclonal antibodies (IgG2a) that selectively
neutralize IL-1 or isotype-matched control IgG2a were administered subcutaneously at 6, 7, and 8 weeks of WTD feeding (three doses of antibodies in total).
At 8.5 weeks of WTD, mice were sacrificed and neutrophils were stained in atherosclerotic lesions using Ly6G (A) or MPO (B), and Ly6G" (A) or MPO™ (B)
percentages of lesion size were quantified. Concomitantly, lesions were stained for 3HCit. To assess NETs, the overlap of Ly6G and 3HCit (A) or MPO and
3HCit (B) was quantified as a percentage of the total lesion area. Representative pictures are shown. Scale bars: 100 um. (C) Correlation between Ly6G" and
Ly6G * 3HCit" (NET) area as shown in (A). (D) Ly6G" splenic neutrophils were isolated and the cleaved and pro-form of IL-1B was assessed by Western blot.
Unedited gels are shown in Supplementary material online, Figure S18. Cleaved IL-1 was quantified relative to B-actin (E) and the pro-form of IL-1B (F).n=12.
Each data point represents an individual mouse. n=15. *P < 0.05, by t-test.
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Figure 5 Macrophage-derived IL-1B induces neutrophil inflammasome and NETosis. (A-B) Ly6G" neutrophils from BM of Abca1™Abeg1™ (control) or
LysmCreAbca1™Abcg 1™ (Myl-Abc™°) mice were treated with 100 ng/ml IL-1B and/or 25 pg/mL acLDL for 3 h. (A) Total cholesterol in LyéG* neutrophils.
(B) Neutrophils were stained for DAPI, MPO, and 3HCit. To assess NETs in isolated neutrophils, the overlap of 3HCit and MPO was quantified and expressed
as % of total cells. (C) Control or Myl-Abc™® BM-derived macrophages (BMDMs) were treated with LPS and ATP to activate the NLRP3 inflammasome. Cells
were washed and incubated for 1 h with medium to allow for cytokine secretion. The medium was collected and mixed 1:1 with DMEM supplemented with
1% pen-strep and then transferred to neutrophils that had been pre-treated with 100 pg/mL IgG control or IL-1f antibodies for 30 min and incubated with these
cells for 3 h. (D) Ly6G" neutrophils from BM of control or Myl-Abc™*® were treated with MCC950 for 30 min and then 100 ng/ml IL-16 was added for 3 h. (E) Ly6G*
neutrophils were pre-treated with MCC950 for 30 min, and subsequently with conditioned media as described in (C). For (C—E), NETosis was assessed as in (B). In
B-E, representative pictures are shown. Scale bars: 25 pm. ¥#¥*P < 0.0001, ***P < 0.001, ** P < 0.01, *P < 0.05, by one-way ANOVA with Tukey’s multiple com-
parison test (A) or by two-way ANOVA with Sidak’s multiple comparison test (B—E). NT, not treated. Genotype effects per condition are indicated for panels B-E.
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4. Discussion

NETosis increases atherosclerotic plaque vulnerability and athero-
thrombosis.>® However, the mechanisms leading to the NET formation
in atherosclerotic plaques remain incompletely understood. Our study
provides the first direct evidence that macrophage NLRP3 inflammasome
activation and IL-1P release promote plaque NETosis. In our prior studies
of Myl-Abc®® mice, with Abca1/g1 deficiency and cholesterol accumulation
in both macrophages and neutrophils, we speculated that NETosis was
mediated through ‘systemic factors’ related to macrophage inflammasome
activation, rather than cell-intrinsic effects of Abca1/g1 deficiency in neutro-
phils, but did not provide proof of this concept.'® The present study de-
monstrates unequivocally the lack of a cell-intrinsic effect of Abcal/g1
deficiency on NETosis by showing a lack of NETosis in mice with
neutrophil-specific deficiency of Abcal/g1. Most importantly, we clarify a
major role of macrophage inflammasome activation and IL-1f in promoting
plaque NETosis by showing that macrophage-specific deletion of Abca1/g1
induced NETosis while IL-1B antagonism in Myl-Abc™® mice substantially
reduced NETs in plaques.

Our in vivo and cell culture studies define two important mechanisms
linking inflammasome activation and IL-1B production to NETosis; both
mechanisms involve local effects in plaques rather than systemic effects.
The first mechanism is that inflhlmmasome activation in macrophage
Abcal/g1 deficiency promotes neutrophil accumulation in plaques, which
correlates strongly with the extent of NETosis. Nirp3 deficiency in our earl-
ier studies'® and IL-1p inhibition in the present study substantially reduced
NETosis in Myl-Abc®® mice with only minor or no changes in blood neutro-
phil counts. Most likely the changes in the neutrophil content of plaques
reflect the well-documented effects of IL-1B on the endothelium to pro-
mote neutrophil accumulation.**3”

The second more novel mechanism is mediated by cellular crosstalk
from macrophages to neutrophils mediated by IL-1f, leading to neutrophil
inflammasome activation and NETosis in Myl-Abc™® mice. The evidence for
this was that IL-1p added alone or in media transferred from macrophages
with prior NLRP3 inflammasome activation increased NETosis. Moreover,
NETosis induced by media transfer or exogenous IL-1B was blocked by in-
hibiting NLRP3 in neutrophils, revealing a role of the neutrophil NLRP3 in-
flammasome in this process. The mechanism of the IL-1B effect on
neutrophils is not completely understood but appears to involve at least
in part increased priming of the NLRP3 inflammasome, consistent with
the activation of MAPK signalling pathways by IL-18.>**% In vivo evidence
for this mechanism was obtained by showing reduced inflammasome acti-
vation in neutrophils from Myl-Abc®° mice treated with IL-1B antibodies.
Since IL-1B induced these changes similarly in control neutrophils and in
Abca1/g1-deficient neutrophils with or without cholesterol loading, they
appear to be largely independent of cell-intrinsic effects of Abcal/g1 defi-
ciency in neutrophils and are consistent with the lack of NETosis in
S100A8-Cre-Abc®™® mice. Rather the induction of neutrophil inflammasome
activation and consequent NETosis is downstream of macrophage inflam-
masome activation and release of active IL-1f. Why cholesterol accumula-
tion in neutrophils is insufficient to induce neutrophil inflammasome
activation and NETosis remains unclear but could be related to relatively
low levels of cholesterol accumulation in neutrophils or lack of pathways
downstream of cholesterol accumulation that lead to NLRP3 inflamma-
some activation.

These local mechanisms promoting NETosis in plaque do not preclude
an additional role of systemic factors in promoting plaque NETosis. For ex-
ample, increased plasma G-CSF levels in Myl-Abc®® mice'” likely promote
both neutrophilia and NETosis. However, this effect could be dissociated
from NETosis in Myl-Abc®® mice with concomitant deficiency of Nirp3 that
had elevated levels of plasma G-CSF but lacked NETs in plaques showing a
non-essential role of G-CSF in NETosis.

Previous studies have suggested a possible bi-directional relationship be-
tween inflammation, IL-1 production, and NETs; however, this has also
been an area of controversy. Mitroulis et al.*” showed using Anakinra, a re-
combinant IL-1 receptor antagonist, that IL-1 induces NETosis in patients
with gout; these studies did not identify the source of IL-1 or differentiate

between IL-1a and IL-1B. NETs promote endothelial inflammation via
IL-1o and thereby worsen thrombosis due to superficial erosion of pla-
ques.*® IL-1p was associated with increased NETs and worsened abdom-
inal aortic aneurysm formation; however, these studies did not define
whether NETs were promoting IL-1p release or vice versa.*! Warnatsch
et al.** have shown that NETs promote inflammasome priming in macro-
phages in Apoe™~ mice. Consistently, myeloid PAD4 deficiency decreased
IL-1B mRNA in the aorta of Apoe ™~ mice, indicating decreased inflamma-
some priming. Our study shows that macrophage-derived IL-1f activates o
the neutrophil Nirp3 inflammasome leading to caspase-1 cleavage and 2
IL-1B secretion. Since IL-1B can prime the macrophage NIrp3 inflamma- 2
some, this suggests a positive feedback loop from neutrophils to macro-
phages ultimately inducing NETosis and possibly athero-thrombosis
(Graphical Abstract). A limitation of our study is the use of mouse models
that do not give rise to thrombus formation on atherosclerotic plaques.

Paulin et al.** have shown that dsDNA in advanced atherosclerotic pla-
ques of Apoe ™~ mice, which may originate from NETSs, activates the AIM2 2
inflammasome. However, these studies seem inconsistent with haematopoi-
etic PAD4 deficiency not affecting atherosclerotic lesion size in Ldlr™™ mice =
with early lesions.” Perhaps this is the consequence of the Ldir™"™ back- 3.
ground and the relatively small percentage of NETs in atherosclerotic le- o
sions in this particular study.” We also, in our current and previousig
study,’® found only a small percentage of NETs in early plaques from 8
Ldir™™ mice. Nirp3 deficiency did not affect atherosclerosis in Ldlr™~
mice in our previous study,’ suggesting that this small percentage of 3
NETs was insufficient to activate the NLRP3 inflammasome.

Our findings in macrophage Abcal/g1-deficient mice illustrate how
macrophage inflammasome activation and IL-1p release can mediate cross-
talk to bystander wild-type cells to promote inflammatory responses. Since &
macrophage inflammasome activation is prominent in Tet2™~ and &
JAK2Y6"7F clonal haematopoiesis,>”** cellular crosstalk from mutant mye- g
loid cells to WT macrophages, neutrophils or SMCs could have an import- 3
ant role in fostering the growth and instability of atherosclerotic plaques. A %
recent analysis of patients in the CANTOS study suggested that IL-1B in- 3
hibition benefited patients with TET2 clonal haematopoiesis more than &
subjects with other forms of CH or patients without CHIP.** Our studies %
define a beneficial role of inhibiting IL-1B that could potentially limit =
NETosis and other adverse effects of crosstalk from mutant macrophages
to other cell types in such patients.
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Translational perspective

Our studies define a beneficial role of inhibiting macrophage IL-1 secretion limiting NETosis in atherosclerotic plaques by suppressing neutrophil
inflammasome activation. These data may have implications for patients showing elevated macrophage IL-1B secretion such as in TET2 or
JAK2Y4"7F clonal haematopoiesis, where increased NETosis in atherosclerctic plaques may enhance plaque instability.

€20z lequialdas /0 uo Jasn uabuiuois) nansieAunsyiiy Aq 611 L ¥69/696/1/6 | |/3|911B/S810SBA0IPIED/WOoo dNo dlwapede//:sdiy Woll papeojum



	Cholesterol accumulation in macrophages drives NETosis in atherosclerotic plaques via IL-1β secretion
	1. Introduction
	2. Methods
	2.1 Animals
	2.2 Bone marrow transplantation
	2.3 IL-1β antagonism study in vivo
	2.4 Atherosclerosis studies
	2.5 Immunofluorescence staining on atherosclerotic plaques
	2.6 In vitro NETs assay
	2.7 Inflammasome assay
	2.8 Flow cytometry
	2.9 Isolation of Ly6G + neutrophils, Ly6G-CD11b + monocytes, Western blot, and qPCR
	2.10 Plasma cholesterol, IL-18, IL-1β, and G-CSF
	2.11 Power calculations
	2.12 Statistical analysis

	3. Results
	3.1 Neutrophil Abca1/g1 deficiency does not promote NETosis in atherosclerotic plaques
	3.2 Macrophage Abca1/g1 deficiency activates macrophage and neutrophil inflammasomes and plaque NETosis
	3.3 IL-1β antagonism reduces neutrophil accumulation and NETosis in atherosclerotic lesions
	3.4 Macrophage-derived IL-1β induces NETosis by activating the NLRP3 inflammasome in neutrophils

	4. Discussion
	Supplementary material
	Conflict of interest
	Funding
	Data availability
	References




