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NET-Triggered NLRP3 Activation and IL18 Release Drive
Oxaliplatin-Induced Peripheral Neuropathy
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Oxaliplatin is an antineoplastic agent frequently used in the
treatment of gastrointestinal tumors. However, it causes dose-
limiting sensorimotor neuropathy, referred to as oxaliplatin-
induced peripheral neuropathy (OIPN), for which there is no
effective treatment. Here, we report that the elevation of neutrophil
extracellular traps (NET) is a pathologic change common to both
cancer patients treated with oxaliplatin and a murine model of
OIPN. Mechanistically, we found that NETs trigger NLR family
pyrin domain containing 3 (NLRP3) inflammasome activation and
the subsequent release of IL18 by macrophages, resulting in
mechanical hyperalgesia. In NLRP3-deficient mice, the mechanical

Introduction

Oxaliplatin is a platinum-derivative chemotherapeutic agent used
in to treat patients with digestive tumors in the adjuvant and metastatic
settings (1). Neurotoxicity is the most severe adverse effect of oxali-
platin. Oxaliplatin-induced peripheral neuropathy (OIPN) is thus a
serious dose-limiting side effect contributing to significant loss of
functional abilities, negatively impacting quality of life, and ultimately
affecting overall survival rates (2-4). At present, no therapeutic
strategies are effective in the treatment of OIPN.

The complex mechanisms underlying OIPN pathogenesis are not
fully understood. Based on studies in rodent models of OIPN, several
factors, such as neuroinflammation, mitochondrial damage, oxidative
stress, ion channel changes, and degeneration of peripheral nerves,
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hyperalgesia characteristic of OIPN in our model was reduced. In
addition, in the murine model, treatment with the IL18 decoy
receptor IL18BP prevented the development of OIPN. We further
showed that eicosapentaenoic acid (EPA) reduced NET formation
by suppressing the LPS-TLR4-JNK pathway and thereby abolished
NLRP3 inflammasome activation and the subsequent secretion of
IL18, which markedly prevented oxaliplatin-induced mechanical
hyperalgesia in mice. These results identify a role for NET-triggered
NLRP3 activation and IL18 release in the development of OIPN and
suggest that utilizing IL18BP and EPA could be effective treatments
for OIPN.

have been proposed as determinants of OIPN pathogenesis (3, 5, 6).
Among the players in neuropathic pain, inflammation has been
indicated as a potential common driver of OIPN. Oxaliplatin induces
a striking upregulation of inflammatory genes in dorsal root ganglia
(DRG) and a release of proinflammatory cytokines and chemokines
from macrophages, including IL1pB, IL6, and TNFou (7, 8). However,
the signaling pathways leading to cytokine release, as well as the
contributions of these to the development of oxaliplatin-induced
mechanical hyperalgesia, are not fully understood.

One group has reported that gut microbes can promote the
development of chemotherapy-induced mechanical hyperalge-
sia (9). They show that oxaliplatin increases gut microbe-derived
lipopolysaccharide (LPS) in the serum and DRG, and that this
stimulates the inflammatory response. In this study, we demon-
strate that gut microbe-derived LPS triggers the formation of NET's
during OIPN. NETs are extracellular strands of decondensed DNA
in complex with histones and granule proteins that are expelled
from dying neutrophils to ensnare and kill microbes (10). In the
process of NET formation, neutrophil elastase (NE) and myeloper-
oxidase (MPO) contribute to nuclear membrane permeabilization
and further unfolding of chromatin. Peptidyl arginine deiminase 4
(PAD4) is a Ca®*-specific enzyme primarily localized in the nucleus
that is indispensable for the generation of NETs (11, 12).

NETSs have been associated with autoimmune disorders, cardio-
vascular and pulmonary diseases, inflammation, and thrombo-
sis (13). In atherosclerosis, cholesterol crystals trigger neutrophils
to release NETs, and then NETs activate the NLR family pyrin
domain containing 3 (NLRP3) inflammasome, leading to ILIf
release (14). Starobova and colleagues reported that vincristine-
induced peripheral neuropathy is driven by canonical NLRP3
activation and IL1P release (15). However, the mechanisms by
which vincristine induces the activation of NLRP3 are unknown.
Taken together, we hypothesized that NETs may play a critical role
in the pathogenesis of OIPN by upregulating cytokines.

Here, we demonstrate that oxaliplatin elicits the release of IL18 and
IL1B in humans and mice and that this is driven by NET-triggering of
NLRP3 activation via the TLR7/TLR9 signaling pathway. OIPN did
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not develop in Nlrp3~'~ mice. Moreover, the utilization of the IL18
decoy receptor IL18BP prevented the development of oxaliplatin-
induced mechanical hyperalgesia; however, the IL1R antagonist ana-
kinra did not improve oxaliplatin-induced mechanical hyperalgesia.
IL18-induced phosphorylation of GluN2B Tyr1472 was shown to be
the key determinant of OIPN pathogenesis.

Finally, we found that eicosapentaenoic acid (EPA) effectively
suppressed NET formation by inhibiting the LPS-TLR4-JNK pathway
and abolished NLRP3 inflammasome activation and the subsequent
secretion of IL18, which markedly prevented oxaliplatin-induced
mechanical hyperalgesia in mice. These results suggest that treatment
with IL18BP and/or EPA could be a viable clinical strategy to prevent
the development of OIPN.

Materials and Methods

Patients and clinical data

This study was conducted in accordance with the Council for
International Organizations of Medical Sciences International Ethical
Guidelines for Biomedical Research Involving Human Subjects. The
procedures were performed according to a protocol approved by the
Ethics Committee of the First Affiliated Hospital of Nanjing Medical
University (Nanjing, China; 2021-SR-571). Written informed consent
was obtained from all participants.

Samples of peripheral blood were obtained from 20 patients at
the First Affiliated Hospital of Nanjing Medical University (Nanj-
ing, China), and all methods were carried out in accordance with
relevant guidelines and regulations. A total of 20 patients, 10 who
had received chemotherapy and 10 who had not, and 10 healthy
adult volunteers were enrolled in the study. For the patients who
had not received chemotherapy, the blood samples were collected at
the time they were diagnosed with cancer for the patients who
received chemotherapy, the blood samples were collected at the
time they began to receive neurotoxic chemotherapy and then they
developed new numbness, tingling, and/or pain in their hands and/
or feet. The plasma was separated by centrifugation and then frozen
at —80°C for all experiments.

The baseline characteristics of the patients with cancer who had
not received chemotherapy are summarized in Supplementary
Table S1. The median age of the patients was 70 (range, 50-82),
and 40% of patients were female. The baseline characteristics of the
patients with cancer who had been treated with chemotherapy are
summarized in Supplementary Table S2. The median age of
the patients was 71 (range, 53-76), and 50% of patients were
female. The inclusion criteria were as follows: (i) Karnofsky score
> 50%; (ii) expected survival time > 3 months; (iii) at least
one measurable lesion confirmed by CT or PET-CT; (iv) normal
bone marrow reserve and heart, liver, and kidney function; (v) no
serious complications and no second primary tumors; and (vi)
oxaliplatin or oxaliplatin combination therapy. (vii) All patients
had different degrees of functional impairment (difficulty grasping,
walking, wearing clothes, and inability to wear closed shoes).
Pain intensity was measured by the visual analog scale (VAS).
VAS is most commonly a straight 100-mm line, without demarca-
tion, that has the words “no pain” at the leftmost end and “worst
pain imaginable” (or something similar) at the rightmost end.
Patients are instructed to place a mark on the line indicating the
amount of pain that they feel at the time of the evaluation. The
distance of this mark from the left end is then measured, and this
number is used as a numeric representation of the severity of the
patient’s pain.
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Animals and the OIPN model

All procedures were performed in strict accordance with the
regulations of the ethics committee of the International Association
for the Study of Pain and the Guide for the Care and Use of Laboratory
Animals (The Ministry of Science and Technology of China, 2006). All
animal experiments were approved by the Nanjing Medical University
Animal Care and Use Committee (No. JACUC-1903031 and No.
TACUC-2005001) and were designed to minimize suffering and the
number of animals used.

All animals used in experiments were male. Adult C57BL/6] mice
(20-25 g wild-type) were purchased from the Animal Core Facility of
Nanjing Medical University, Nanjing, China. Pad4 '~ mice were
purchased from Jackson Laboratory (030315). Nlrp37/7 mice were
obtained from Shuo Yang (Nanjing Medical University). Animals were
housed five to six per cage under pathogen-free conditions with soft
bedding under controlled temperature (22°C + 2°C) and photoper-
iods (12:12-hour light-dark cycle). The animals were habituated to
these conditions for at least 2 days before starting experiments.
Animals were randomly divided into groups. The sample size was
designed on prior experience and to be limited to the minimal as
scientifically justified. For each group of experiments, the animals were
matched by age and body weight. Intraperitoneal injections of oxa-
liplatin (3 mg/kg; H20093168, Qilu Pharmaceutical Co. Ltd) or saline
were conducted from days 1 to 5 to establish the animal model of
OIPN. Doses of oxaliplatin were based on previous studies using well-
validated murine models of OIPN (9). Mechanical sensitivity was
detected by the von Frey test before oxaliplatin administration every
morning (16). In brief, animals were placed in boxes set on an
elevated metal mesh floor and allowed 30 minutes for habituation
before testing. The plantar surface of each hind paw was stimulated
with a series of von Frey Filaments with logarithmically incremental
stiffness perpendicular to the plantar surface. Each mouse was
tested 3 times, and the average of the threshold was measured.
Threshold is a measure of when the animal becomes aware of the
presence of a mechanical stimulus that causes irritation. Behavioral
tests were performed blindly.

Drug treatment

For the assessment of chemotherapeutics other than oxaliplatin,
mice were intraperitoneally injected with carboplatin (CBP; 10 mg/kg)
3 times (days 1, 3, and 7); cisplatin (DDP; 2.3 mg/kg) for 5 consecutive
days; paclitaxel (PTX; 8 mg/kg) 3 times (day 1, 3,and 5); and vincristine
(VLB; 100 ug/kg) for 5 consecutive days to induce mechanical
hyperalgesia.

For the assessment of mechanical hyperalgesia, mice were admin-
istered the protein arginine deiminase 4 (PAD4) inhibitor Cl-amidine
(S8141, Selleck; 10 mg/kg, i.p.), the myeloperoxidase (MPO) inhibitor
PF-1355 (HY-100873, MedChemExpress; 50 mg/kg, i.p.), the NLRP3
inhibitor MCC950 (58930, Selleck; 20 mg/kg, i.p.), the TLR7 and TLR9
inhibitor IRS954 (1 mg/kg, i.p.), anakinra (HY-108841, MedChemEx-
press; 2.5 mg/kg, i.p.), IL18BP (Z03168, GenScript; 200 ug/kg, i.p.) or
saline 1 day before oxaliplatin administered once a day until the end of
14 days. IRS954 sequence, 5'-TGCTCCTGGAGGGGTTGT-3'.

For neutrophil depletion, mice were administered 300 pg anti-
mouse Ly6G (1A8 clone; specific for neutrophils, BE0075-1, Bio X
Cell) 1 day before the initiation of oxaliplatin treatment to the 14th day
every 3 days. For gut microbiota eradication, mice were provided with
drinking water containing 0.5 g/L ampicillin, 0.5 g/L neomycin, 0.5 g/L
metronidazole, and 0.25 g/L vancomycin (HY-B0522, HY-B0470, HY-
B0318, and HY-B0671, MedChemExpress) with 3 g/L artificial sweet-
ener Splenda (HY-N0614, MedChemExpress) for 3 weeks. Antibiotic
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water was maintained during the entire experimental period for
oxaliplatin-induced pain.

To validate that the components DNA and RNA of NET's contribute
to the development of OIPN, mice were injected with DNasel (D5025,
Sigma; 150 U, i.v.) from the first day of modeling to the 14th day or
from the sixth day of modeling to the 14th day. Mice were injected with
RNasel (DNase, protease-free, Thermo Fisher, EN0531; 1 mg/kg, i.v.)
from the first day of modeling to the 14th day or from the sixth day of
modeling to the 14th day.

To verify the ability of IL18BP to inhibit IL18 signaling in vivo,
recombinant mouse IL18 (HY-P73181, MedChemExpress; 20 ng per
mouse, i.p.) was administered to Nlrp3 ™'~ mice for 7 consecutive days.
To investigate the role IFNy in OIPN, mice were administered 100 pug
anti-mouse IFNy (BE0055-1, Bio X Cell, NH) 1 day before the
initiation of oxaliplatin treatment until the end of 14 days. Mice were
treated with EPA (HY-B0660, MedChemExpress; 1 g/kg, i.g.) 5 days
before oxaliplatin administration until the end of 14 days.

Quantification of NETs

Mouse plasma and human plasma were collected from whole blood
by centrifugation at 3,000 rpm for 5 minutes. NETs in plasma were
quantified according to the manufacturer’s instructions with the
Citrullinated Histone H3 ELISA Kit (501620, Cayman), NETosis
Assay Kit (601010, Cayman), and Quant-iT PicoGreen dsDNA Assay
kit (P11496, Invitrogen). The absorbance was measured by a micro-
plate reader (Multiskan FC, Thermo Fisher).

LPS (endotoxin) assay

All materials used for both sample preparation and testing were
pyrogen free. LPS concentrations in plasma and tissue homogenate
from mice were measured by an endotoxin assay based on a limulus
amebocyte extract with a chromogenic limulus amebocyte lysate
(LAL) assay (Pierce LAL Chromogenic Endotoxin Quantitation Kit,
A39553, Thermo Scientific). Samples were diluted in pyrogen-free
water and heated to 70°C for 10 minutes to inactivate inhibitor agents
that could interfere with the assay. All samples were tested in triplicate.
The absorbance was measured by a microplate reader (Multiskan FC).
The endotoxin content was expressed as endotoxin units per milliliter
(EU/mL).

Bacteria culture test

We tested for the presence of bacteria in blood samples from
oxaliplatin-treated mice. The samples of mouse blood were collected
after 12 and 24 hours of oxaliplatin administration, and then 10 uL
mouse blood was inoculated into LB solid medium and LB liquid
medium at 37°C for 24 hours.

ELISA

Levels of IL1p, IL6, and TNFo. in mouse plasma and DRG were
evaluated by ELISA kits (MLB0O0OC, M6000B, and MTA00B, R&D
Biosystems). Levels of IL18 in mouse plasma and human plasma
were measured by ELISA kits (MM-0169M1 and MM-0139H2,
Mmbio). All ELISAs were performed according to the manufac-
turer’s instructions.

MPO activity assay

Mouse DRG were homogenized in 50 mmol/L potassium phosphate
buffer, centrifuged, and suspended in 0.5% cetytrimethyl ammonium
bromide in potassium phosphate buffer. The suspensions were son-
icated for 30 s with 3 freeze-thaw cycles in liquid nitrogen. After
centrifugation, 40 PL of supernatant was incubated with 100 pL
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tetramethylbenzidine solution, and the reaction was stopped with
100 pL 2 N HCL The optical density was measured at 450 nm by
Cytation 5 cell imaging multimode reader (BioTek).

Immunofluorescence microscopy of murine DRG, spinal cord,
and cells

DRG tissues and spinal cord tissues. After deep anesthesia by i.p.
injection of 1% pentobarbital sodium (100 mg/kg, i.p.), mice were
perfused transcardially with normal saline followed by 4% parafor-
maldehyde in 0.1 M PB, pH 7.4, each for 20 minutes. Then, lumbar 5
DRGs and lumbar 4-5 spinal cord were dissected out and postfixed in
4% paraformaldehyde for 24 hours and cryoprotected overnight in
30% sucrose. The embedded blocks were sectioned as 10 pm thick.
Blocking was achieved using 1% normal donkey serum (017-000-121,
Jackson ImmunoResearch) and 0.1% Triton X in PBS for 1 hour. DRG
specimens were incubated with anti-F4/80 (ab6640, Abcam), anti-
Ly6G (127636, BioLegend), and anti-H3Cit (ab5103, Abcam) over-
night at 4°C. Spinal cord specimens were incubated with anti-c-fos
(22508, Cell Signaling Technology) and CGRP (14959, Cell Signaling
Technology). The secondary antibodies used were as follows: Alexa
Fluor 594-conjugated donkey anti-mouse (715-585-150, Jackson
ImmunoResearch) and Alexa Fluor 488-conjugated donkey anti-rat
(712-025-150, Jackson ImmunoResearch), for 2 hours at room tem-
perature. After washing 3 times with PBS, the samples were studied
under a fluorescence microscopy (LEICA DM2500) for morphologic
details of the immunofluorescence staining. Examination was carried
out blind.

In vitro NET assay. For immunofluorescence staining, freshly
isolated polymorphonuclear neutrophils (PMNs) from the bone mar-
row (isolated as described in “Neutrophil isolation”) were seeded on
poly-D-lysine-coated coverslips and allowed to adhere. Cells were
treated with LPS (1 pg/mL, L2880, Sigma-Aldrich), oxaliplatin
(10 umol/L), or oxaliplatin (10 umol/L) + LPS (10 ng/mL). Cells
were fixed for 15 minutes with 4% paraformaldehyde (PFA) and
blocked with 1% BSA and 0.3% Triton X-100 in PBS for 30 minutes.
Then, rabbit anti-H3Cit and mouse anti-MPO (ab90810, Abcam)
primary antibodies were used overnight at 4°C. After three washes,
donkey anti-rabbit Alexa Fluor 488 (A-21207, Invitrogen) and donkey
anti-mouse Alexa Fluor Cy3 (715-585-150, Jackson ImmunoRe-
search) were added for 2 hours at room temperature. NET formation
was visualized by fluorescence microscopy (LEICA DM2500).

Extracellular DNA and RNA of NETs. PMNs from the bone
marrow (isolated as described in Neutrophil isolation) were incu-
bated with LPS (1 pug/mL) for 4 hours. RNase A (100 pg/mL,
ENO0531, Thermo Fisher) and DNase 1 (10 U/mL, D5025, Thermo
Fisher) were administered for 1 hour after LPS treatment. Then, the
cells were fixed with 4% PFA and stained with 1 umol/L Sytox
Green (57020, Thermo Fisher) or 50 umol/L Syto RNAselect Green
(832703, Thermo Fisher) for 15 minutes. Images were captured
using fluorescence microscopy (LEICA DM2500).

Macrophage endocytosis of NETs. NETs (isolated as described in
“NET isolation”) were incubated with bone marrow-derived macro-
phages (BMDM; see “BMDM isolation”) for 1 hour in DMEM
(KGM12800N-500, Keygen Biotech) culture medium supplemented
with 10% FBS. Then, BMDMs were fixed for 15 minutes with 4% PFA
and blocked with 1% BSA and 0.3% Triton X-100 in PBS for 30
minutes. Then, rabbit anti-H3Cit, mouse anti-TLR7 (NBP2-27332,
Novus Biologicals), or mouse anti-TLR9 (ab134368, Abcam) primary
antibodies were used overnight at 4°C. After three washes, donkey
anti-rabbit Alexa Fluor 488 (A-21207, Invitrogen) and donkey anti-
mouse Alexa Fluor 594 (715-585-150, Jackson ImmunoResearch) were
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added for 2 hours at room temperature. Then, the samples were
observed by confocal microscopy (Zeiss LSM 800).

NETs were stained with Sytox Orange (1 mol/L, S34861, Thermo
Fisher) for 30 minutes and then incubated with BMDMs for 1 hour.
Then, the BMDMs were fixed for 15 minutes with 4% PFA and blocked
with 1% BSA and 0.3% Triton X-100 in PBS for 30 minutes. Then,
rabbit anti-TLR7 (A0091, Abclonal) or rabbit anti-TLR9 (TD2970s,
Abmart) primary antibodies were used overnight at 4°C. After three
washes, donkey anti-rabbit Alexa Fluor 488 (A-21207, Invitrogen) was
added for 2 hours at room temperature. Then, the samples were
observed by confocal microscopy (Zeiss LSM 800).

Neutrophil isolation

Neutrophil isolation was performed based on a previously described
method (17). In brief, after mice were euthanized and sprayed with
75% ethanol, the femur and tibia were extracted. A 25-gauge needle
and a 10-cc syringe filled with RPMI-1640 (KGM31800N-500, Keygen
Biotech) supplemented with 10% FBS (04-001-1ACS, Biological
Industries) and 2 mmol/L EDTA (E9884, Sigma-Aldrich) was used
to flush the bone marrow cells from both ends of the bone shafts into a
50-mL centrifuge tube. The cells were centrifuged at 1,200 x g for 5
minutes at 4°C, resuspended in 3 mL sodium chloride physiologic
solution, and then layered on top of 9 mL Histopaque 1077 (density,
1.077 g/mL, 10771, Sigma-Aldrich) in a 50-mL conical tube. After
centrifugation for 20 minutes at 2,000 x g without braking, the
supernatant was discarded, and the cells were resuspended in 5 mL
sodium chloride physiologic solution. The cells were then layered
on top of 10 mL of Histopaque 1119 (density, 1.119 g/mL, 11191,
Sigma-Aldrich) in a 50-mL conical tube and centrifuged for 20
minutes at 2,000 x g without braking. Neutrophils were collected at
the interface of the Histopaque 1119 and sodium chloride physi-
ologic solution. The collected neutrophils were washed with RPMI-
1640 supplemented with 10% FBS and 1% penicillin/streptomycin
(KGY0023, Keygen Biotech) for twice and centrifuged at 1,400 rpm
for 7 minutes at 4°C.

To assess the inhibition of EPA or DHA on NET formation,
neutrophils were incubated with LPS (1 ug/mL) for 4 hours. DHA
(20 pmol/L, HY-B2167, MedChemExpress) or EPA (20 pmol/L, HY-
B0660, MedChemExpress) was added to the medium 1 hour before
LPS. Then, the cells were stained with 1 pmol/L Sytox Green (S7020,
Thermo Fisher) for 15 minutes, and fluorescence intensity was cap-
tured at an emission peak of 523 nm when excited by a 488 nm argon-
ion laser (Cytation 5, BioTek).

NET isolation

NET isolation was performed as previously described (18). Neu-
trophils, isolated as described in “Neutrophil isolation,” were stimu-
lated with LPS (1 ug/mL) for 4 hours in RPMI-1640 supplemented
with 10% FBS and 1% penicillin/streptomycin. After stimulation, the
supernatant was discarded, leaving NETs and neutrophils adhered at
the bottom of the petri dish. 15 mL cold PBS (without Ca’"and Mg2+)
was used to lift off all adherent NETs and neutrophils from the bottom.
After centrifugation for 10 minutes at 450 x gat 4°C, neutrophils were
in the pellet at the bottom and cell-free NET's were in the supernatant.
The supernatant was divided into 1.5 mL microcentrifuge tubes and
centrifuged for 10 minutes at 18,000 x g at 4°C. This step allowed
NETs to precipitate to the bottom. The supernatant was discarded and
the pellets were resuspended in cold PBS. The NET concentration in
the sample was measured by NanoDrop spectrophotometer. The
adequate concentration in the sample for further assays should range
between 140 and 180 ng/uL.
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BMDM isolation

BMDM cells were harvested from the femurs and tibia of C57BL6/]
mice. The culture medium used to differentiate and maintain BMDM
cells was DMEM supplemented with 10% (v/v) FBS, 1% penicillin/
streptomycin, and 10% L929 cell supernatant. BMDMs were seeded in
6-well tissue culture plates at day 7. To identify which TLR was critical
in NET-triggered cytokine production, we pretreated BMDMs with
inhibitors of TLR2 (C29, HY-100461, MedChemExpress), TLR4
(TAK242, HY-11109, MedChemExpress), TLR7 (IRS661, Gene-
pharma), TLR8 (CU-CPT9a, HY-11266, MedChemExpress), or TLR9
(IRS869, Genepharma) for 1 hour and then stimulated them with
NETSs (500 ng/mL) for 3 hours. The levels of Il1b, 1I6, and Tnfa mRNA
were measured by quantitative real-time PCR analysis (n = 3; see
“Quantitative real-time PCR analysis”). IRS661 sequence: 5'-TGCT-
TGCAAGCTTGCAAGCA-3'.IRS869 sequence: 5'-TCCTGGAGGG-
GTTGT-3'.

Western blot

Samples (cells or DRG tissue) were collected and washed with
ice-cold PBS before being lysed in lysis buffer (P0013B, Beyotime
Biotechnology). Sample lysates were separated by SDS-PAGE
and electrophoretically transferred onto polyvinylidene fluoride
membranes. The membranes were blocked with 10% whole milk
in TBST (Tris-HCI, NaCl, Tween 20) for 2 hours at room tem-
perature and probed with primary antibody at 4°C overnight. The
primary antibodies used were specific for citrullinated histone H3
(H3Cit; ab5103, Abcam), H3 (A2348, Abclonal), IL1B (AF-401-NA,
R&D Biosystems), NLRP3 (AG-20B-0042-C100, Adipogen), cas-
pase-1 (p20; AG-20B-0014-C100, Adipogen), phospho-SAPK/JNK
(Thr183/Tyr185; 9255s, Cell Signaling Technology), NF-xB p65
(D14E12, Cell Signaling Technology), phospho-NF-xB p65 (S536;
AP0475, Abclonal), phospho-GluN2B (Tyr1472; 4208s, Cell Sig-
naling Technology), GluN2B (A11643, Abclonal), IFNy (A12450,
Abclonal), and B-actin (A5441, Sigma). Then, the membranes
were incubated with horseradish peroxidase (HRP)-coupled sec-
ondary antibodies from Sigma. The following secondary antibodies
were used: HRP-conjugated affinipure goat anti-rabbit IgG (H + L;
AP307P, Sigma-Aldrich), HRP-conjugated affinipure goat anti-mouse
IgG(H + L; AP308P, Sigma-Aldrich), and HRP-conjugated affinipure
donkey anti-goat IgG (H + L; AP180P, Sigma-Aldrich). Data were
acquired with a molecular imager chemidocxrs system (ChemiDoc
XRS+, Bio-Rad), and analyzed with Image] (1.51 version, Rawak
Software).

Quantitative real-time PCR analysis

Total RNA was extracted from BMDMs or DRGs using TRIzol
reagent (15596018, Invitrogen). Isolated RN A was reverse-transcribed
into cDNA using HiScript II Q RT SuperMix for qPCR (R222-01,
Vazyme Biotech Co., Ltd) following a standard protocol. Quantitative
real-time PCR (qPCR) was performed with ChamQ SYBR qPCR
Master Mix (Q711-02, Vazyme Biotech Co., Ltd) with a QuantStudio
5 Real-Time PCR Detection System (Thermo Fisher Scientific). The
relative expression levels of Tnfa, Il1b, Il6, Argl, Fizzl, Inos, and
Cd206 were calculated and quantified with the 2—AACt method
after normalization with reference. All primers used are listed in
Supplementary Table S3.

siRNA knockdown

Mouse Nirpl-, Aim2-, Nlrp3-, Nlrc4-, and Arrb2-targeting siRNAs
were obtained from Santa Cruz Biotechnology (sc-63287, sc-140968,
sc-45470, sc-60329, sc-29743, respectively). BMDM cells were

Cancer Immunol Res; 10(12) December 2022

1545



Lin et al.

A B -# Saline * L-OHP c Saline L-OHP
: 20
L-OHP, 3mg/kg, ip. H3Cit [ S S ':!!l 17 KD
\’ET o Sac:rlﬁce C} = W mEs==e—a _]17kD
(i:,_\f‘ | B B B | 1’:’ I> E 1.0
01234567 14 Days = . - Saline-jl °
Von Frey test e L-OHP o oo o
00+
0 2 4 6 8 101214 0 1.0 2.0 3.0
Days after L-OHP injection Fold of control

o
m
m

G H

L]
w
o
s

& 0o :
ol )
] s ; = 20 = ~
£ 5 £ 8. [ £ 3
ZE E v 215 | E goo E
82 £ £5 ° g g
] 5 gE & Z 400 E:
=50 o0 =
& T 2 s 2 2
= =] %]

3,000 i

%
—&

Relative H3Cit
protein expression
o 8

o

Ly6G H3Cit DAFI

T . ’ : -#-5aline +L-OHP 10
-8 53l L-OHP ti-Ly6G antibo - WT + s¢ WT + L-OHP
e F Sntilyos antbody + saline R Clamidine -=-L-OHP + Cl-amidine

*=L-OHP = L-OHP + lgG2a isotype control Pad4™"+saline-= Pad4™" + L-OHP -o-PF-1355 #-L-OHP + PF-1355

=
20 20 20 &
Niatrom K s
- 1544 =15 15 TEPRLFIES =
C \ 2 wifle G4
S 101 byg - S5 BEE g0 TFE Vol X 1.0 o
' ' —— ’ o .
Gl 0.0+ B e e T LOHP - + + + + -
0 2 4 6 8 101214 0 2 4 6 8 101214 0 2 4 6 8 101214 Clhamidine - - + - - =
Days after L-OHP injection Days after L-OHP injection Days after L-OHP injection  PF-1355 - - - 4 - -

Figure 1.

Chemotherapy triggers NET formation. A and B, Adult male C57BL/6J mice were intraperitoneally injected with L-OHP (3 mg/kg) for 5 consecutive days for a total
dose of 15 mg/kg to induce mechanical hyperalgesia. The mechanical pain threshold was tested for 14 days by the von Frey test (n = 8). L-OHP = oxaliplatin. C, The
protein level of H3Cit in the DRG was evaluated by western blot on the 14th day after the initiation of L-OHP treatment (n = 4). D, Quantification of MPO activity
was assessed in the DRG on day 14 after the initiation of L-OHP treatment (n = 8). E=G, The content of H3Cit, NE, and cfDNA in plasma after intraperitoneal injection
of L-OHP was evaluated using the H3Cit ELISA kit, NETosis Assay, and Quant-iTPico green dsDNA assay, respectively, at day 14 after the initiation of L-OHP treatment
(n = 8). H, Mice were intraperitoneally injected with carboplatin (CBP; 10 mg/kg) three times (days 1, 3, and 7); cisplatin (DDP; 2.3 mg/kg) for 5 consecutive days;
paclitaxel (PTX; 8 mg/kg) three times (days 1, 3, and 5); and vincristine (VLB; 100 ng/kg) for 5 consecutive days to induce mechanical hyperalgesia. Then, the level of
cf-NDA in plasma was evaluated by Quant-iTPico green dsDNA assay at day 7 after the initiation of chemotherapeutic drugs (n = 6). I, Representative IHC images of
hind paw cross-sections stained with the NET marker H3Cit from mice treated with saline or L-OHP. The zones of the dermis and subcutaneous tissue are labeled with
dotted lines, and the arteries are labeled with asterisks (n = 3). Scale bar, 50 um. J, Representative immunofluorescence microscopy images of DRG from mice treated
with saline or L-OHP stained for Ly6G, H3Cit, and DNA (n = 3). Scale bar, 50 um. (Continued on the following page.)
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transfected with siRNA oligonucleotides (50 nmol/L) for 6 hours using
Lipofectamine 3000 (7.5 UL, L3000008, Thermo Fisher) in 2 mL of
OPTI-MEM medium (31985070, Gibco). After 6 hours, the transfec-
tion medium was replaced with DMEM culture medium containing
10% FBS and then incubated at 37 °C in 5% CO,. Transfection was
repeated the next day. After 48 hours, whole-cell lysates and cell culture
medium were collected.

In vivo multiphoton microscopy

Oxaliplatin-treated and saline-treated mice were i.p. injected with
1% pentobarbital sodium (100 mg/kg, i.p.). To analyze microvascular
perfusion, a 0.1 mL bolus of 10 mg/mL FITC-dextran (2,000,000 Da,
FD2000S, Sigma-Aldrich) was injected i.v. into the mice. To detect
neutrophils, APC-conjugated monoclonal Ly6G antibody (1A8 clone;
3 ug, 17-9668-82, eBioscience) was injected i.v. into mice. To visualize
NETSs, mice were injected with Sytox Green (10 UL iv.) 30 minutes
before imaging (LSM880 NLO, Zeiss).

IHC

After mice were euthanized, hind paws were severed near the tarsal
bones and prepared for histology using routine techniques after
decalcification. Briefly, the sections were deparaffinized, rehydrated,
and immersed in 3% hydrogen peroxide in methanol to quench
endogenous peroxidase activity. Then, the sections were incubated
with a blocking buffer for 1 hour. The cross-sections of hind paws were
stained with anti-H3Cit (ab5103, Abcam) overnight at 4°C. This was
followed by 1-hour incubation with HRP-conjugated goat anti-rabbit
IgG (ab207995, Abcam). Staining was visualized by LEICA DM2500
microscopy. For each animal, three fields from cross-sections of the
hind paw were visualized under x20 and x40 objectives. H3Cit-
positive areas were determined.

Flow cytometry

BMDMs were cultured in 6-well plates and stimulated with
oxaliplatin (10 umol/L) for 1 hour. After cultivation, the superna-
tant was removed, and the cells were washed with PBS. Then, the
cells were incubated with dichlorodihydrofluorescein diacetate
(DCFH-DA, S0033S, Beyotime Biotechnology) at 10 umol/L in
serum-free medium for 30 minutes at 37°C. After that, the cells
were washed with warm PBS and then were removed from plates
with cold PBS containing 1% FBS and subjected to flow-cytometric
analyses (Miltenyi MACSQuant Analyser 10). For each sample, a
total of 10,000 cells were collected, and the ratio of DCFH-DA-
positive cells was analyzed through flow cytometry. BMDMs stim-
ulated with rotenone (10 umol/L, 6 hours) were used as a positive
control. The data were analyzed using Flow]Jo statistical software
(v10.62).

Scanning electron microscopy

After isolating mouse neutrophils from bone marrow, neutrophils
were stimulated with LPS (1 ug/mL), oxaliplatin (10 wmol/L), or
oxaliplatin (10 umol/L) + LPS (10 ng/mL) and incubated on a
22 x 22 mm cover glass for 4 hours at 37°C in a 5% CO, incubator.

NETs Drive Oxaliplatin-Induced Peripheral Neuropathy

Then, the cells were fixed with 2.5% glutaraldehyde for 30 minutes,
dehydrated with 25%, 50%, 75%, and 100% ethanol for 10 minutes
each time, critical-point dried and then coated with 2 nm platinum (Pt-
T4007, DM Material). Because NETs are fragile, each step was done
with minimal disturbance of the media to preserve the structures. After
dehydration and critical-point drying, the specimens were analyzed
under a scanning electron microscope (Helios G4 CX, Thermo
Scientific).

Hematoxylin and eosin staining

Colon samples from mice were immersed in 4% PFA for 4 hours and
transferred to 70% ethanol. Then, the samples were dehydrated
through a serial alcohol gradient and embedded in paraffin wax blocks.
Before immunostaining, colon tissue sections were dewaxed in xylene,
rehydrated through decreasing concentrations of ethanol, and washed
in PBS. Then, the sections were stained with hematoxylin and eosin
(C0105S, Beyotime Biotechnology). After staining, sections were
dehydrated through increasing concentrations of ethanol and xylene.
Finally, images were obtained using a LEICA DM2500 microscope.

Measurement of DRG reactive oxygen species

The level of reactive oxygen species (ROS) in mouse DRG was
measured with a kit (S0033S, Beyotime Institute of Biotechnology).
Briefly, tissues were finely minced and dissociated with trypsin
enzymatic solution (KGY001, Keygen Biotech) by incubation at
37°C for 30 minutes. Then, cells from the mixtures were harvested
by centrifugation and washed with PBS twice. Then, the samples
were incubated with DCFH-DA (40 umol/L) in PBS for 40 minutes
at room temperature. After that, the samples were centrifuged,
washed with PBS twice, and then lysed on ice with lysis buffer
(P0013B, Beyotime Biotechnology). Finally, the fluorescence (ex =
488 nm, em = 525 nm) intensity of the supernatant obtained from
centrifugation was measured with a multiwell spectrophotometer
(Cytation 5, BioTek). The data were normalized to the protein
concentrations of the samples.

Statistical analysis

Prism 7.0 (GraphPad) was used to conduct all statistical analyses.
Data were statistically evaluated by the Student ¢ test or one-way or
two-way ANOVA with the Tukey test. The results are presented as the
mean = standard error of three independent experiments. The results
described as significant were based on a criterion of P < 0.05.

Data availability statement

All data supporting the findings of this study are available within the
article and its Supplementary Data files or from the corresponding
author upon reasonable request.

Results

Gut microbiota is critical for oxaliplatin-induced NET formation
Patients who receive oxaliplatin frequently develop OIPN with cold-
triggered distal paresthesia; this sensory symptom is sometimes

(Continued.) K, Representative in vivo multiphoton microscopy images of neutrophils (purple), NETs (red), and vessels (green) in the ears of mice 5 days after the
initiation of L-OHP treatment. Neutrophils were localized in ear vessels and in the parenchyma. Blood vessels (green) were labeled by intravenous injection of FITC-
dextran (MW = 2,000,000 Da). Neutrophils (purple) were labeled by intravenous injection of APC-conjugated monoclonal Ly6G antibody. NETs (red) were labeled
by intravenous injection of Sytox Orange (n = 3). Scale bar, 50 um. L, Mice were administrated 300 pg anti-mouse Ly6G 1day before the initiation of L-OHP treatment
and every 3 days after that until day 14. lgG2a isotype control was administered in the same way. The mechanical pain threshold was tested for 14 days by the von Frey
test (n=6).M, WT and Pad4~/~ mice were intraperitoneally injected with L-OHP (3 mg/kg) for 5 days. The mechanical pain threshold was tested for 14 days by the
von Frey test. N, PAD4 inhibitor Cl-amidine (10 mg/kg, i.p.) and MPO inhibitor PF-1355 (50 mg/kg, i.p.) were administered 1 day before the initiation of L-OHP
administration once a day until the end of 14 days. The mechanical pain threshold was tested for 14 days by the von Frey test (n = 8). O, The concentration of H3Cit in
the plasma of mice mentioned in M and N was evaluated by ELISA on day 14 (n = 6). ***, P < 0.001. Data, mean + SEM.
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paralleled by motor symptoms, including muscle fasciculation
and cramps (19, 20). These symptoms are recapitulated in murine
models. In our study, mice were exposed to oxaliplatin for 5 conse-
cutive days to induce OIPN. Oxaliplatin-induced mechanical hyper-
algesia was assessed by the von Frey test (Fig. 1A). Oxaliplatin-treated
mice exhibited mechanical touch-induced pain from days 3 to 14
(Fig. 1B). In addition, expression of CGRP (an indicator of pain) and
c-fos (a marker of activated nociceptive neurons; refs. 21, 22) were
increased by oxaliplatin in the spinal cord of mice (Supplementary
Fig. S1). These data indicated that we had successfully established an
OIPN model in mice.

To determine whether chemotherapy drove NET formation, we
assessed the level of H3Cit in the DRG of mice. The primary afferent
neurons in DRG serve in the development and maintenance of
neuropathic pain (23). Western blot analysis showed an increased
amount of H3Cit in the DRG of oxaliplatin-treated mice compared
with saline-treated mice (Fig. 1C). Furthermore, we found a 2.5-
fold increase in the total amount of the neutrophil enzyme MPO in
the DRG of mice after oxaliplatin treatment (Fig. 1D). Elevated
levels of H3Cit, NE, and cfDNA were also found in the plasma from
oxaliplatin-treated mice (Fig. 1IE-G). We also investigated the effect
of two other platinum analogues, carboplatin, and cisplatin, as well
as paclitaxel and vinblastine, on inducing NET formation. The
mechanical hyperalgesia induced by these drugs was assessed by the
von Frey test (Supplementary Fig. S2). As shown in Fig. 1H, all
these chemotherapeutics increased the concentration of cfDNA in
the plasma of mice compared with the saline-treated group. The
ability of cisplatin to induce NET formation was highest among the
chemotherapeutics tested.

Patients who suffer from OIPN show clinical symptoms such as
limb paresthesia, weakness, and/or ataxia during chemotherapy. We
thus sought to investigate whether NETs emerged in the paws of
oxaliplatin-treated mice. IHC staining of cross-sections showed that
H3Cit was abundant in the dermis and subcutaneous tissue where
sensory neurons were distributed (Fig. 1I). Furthermore, confocal
microscopy showed that oxaliplatin increased the fluorescence inten-
sity of Ly6G and H3Cit in DRG of mice (Fig. 1J). In addition, the
colocalization of DNA, Ly6G, and H3cit was abundantly detected in
oxaliplatin-treated mice compared with saline-treated mice (Fig. 1J).
To further confirm that oxaliplatin-induced NET formation, we
utilized in vivo multiphoton microscopy of ear vessels, which are easy
to investigate. The data indicated that Sytox-labeled NET's abundantly
infiltrated the ear vessels at day 5 after oxaliplatin treatment (Fig. 1K).
Moreover, we found a lower percentage of circulating Ly6G-labeled
neutrophils in peripheral blood, which implied that more neutrophils
were under NETosis after oxaliplatin treatment (Fig. 1K). Next, we
depleted neutrophils in mice with an anti-Ly6G, which alleviated
mechanical hyperalgesia induced by oxaliplatin (Fig. 1L).

PAD4 and MPO are histone-modifying enzymes that are critical for
NET formation (24). To further establish the role of NET's in OIPN, we
compared wild-type (WT) and Pad4~'~ mice, as well as treated mice
with the PAD4 inhibitor (Cl-amidine) or the MPQO inhibitor (PF-1355)
in combination with oxaliplatin. The inhibition of PAD4 or MPO by
genetic ablation, Cl-amidine, or PF-1355 reduced the level of H3Cit in
plasma and significantly improved oxaliplatin-induced mechanical
hyperalgesia (Fig. 1IM-0). Together, these results suggest that NETs
play a critical role in the development of OIPN.

We next investigated the mechanism underlying NET formation
during OIPN. A previous study reported that oxaliplatin treatment
influenced gut microbiota and destroyed the gut epithelial barrier to
permit LPS to enter the circulatory system (9). H&E staining of colon
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samples from oxaliplatin- and saline-treated mice showed that intes-
tinal mucosal necrosis, disorderly cell arrangement, and intestinal
mucosal thinning occurred in the intestines of mice on the first day
they received oxaliplatin and a trend of inflammatory infiltration that
became worse on the 3rd and 5th days compared with the saline-
treated group (Fig. 2A). LPS is a potent NET trigger, and as shown
in Fig. 2B and C, the levels of LPS in the serum and DRG of mice
significantly increased after oxaliplatin treatment. Moreover, we col-
lected blood from mice 12 and 24 hours after oxaliplatin administra-
tion and then inoculated the plasma into Luria-Bertani (LB) solid
medium and LB liquid medium. We found bacterial growth from
the blood samples of the oxaliplatin-treated group, with the obser-
vation of many bacterial colonies in the LB solid medium and
higher turbidity of the LB liquid medium (Supplementary Fig. S3A
and S3B). In addition, we found that exposing mice to a cocktail of
antibiotics reduced the level of H3Cit and NE in the plasma of
oxaliplatin-treated mice and effectively relieved mechanical hyper-
algesia (Fig. 2D-G). These data implied that gut-derived bacteria
played a critical role in oxaliplatin-induced NET formation. We also
found that in the process of OIPN, the level of ¢fDNA in plasma
reached a peak at day 7 (Supplementary Fig. S4). The level of LPS in
serum increased obviously during the first 3 days and then
decreased until 14 days after oxaliplatin treatment (Supplementary
Fig. S4). This implied that NETs would be an important factor in the
long-term progression of OIPN.

To further confirm that oxaliplatin-induced NET formation, we
stimulated neutrophils with oxaliplatin in the presence or absence
of LPS and identified NET formation by scanning electron micros-
copy. As shown in Fig. 2H, neither oxaliplatin (10 umol/L) nor LPS
(10 ng/mL) triggered NET formation. In contrast, in the presence of
LPS (10 ng/mL), oxaliplatin (10 umol/L) robustly induced NET
formation, like a high concentration of LPS (1 ug/mL), which was
used as the positive control. Similarly, immunostaining revealed
that in the presence of LPS (10 ng/mL), oxaliplatin (10 umol/L)
stimulated neutrophils to form NETSs, which were double stained
with H3Cit and MPO antibodies (Fig. 2I).

Oxaliplatin induces NET-mediated peripheral
neuroinflammation

Macrophage-derived proinflammatory cytokines are attractive
targets in the treatment of vincristine-induced neuropathy (VIPN;
ref. 15). In our mouse model of OIPN, we also found that oxaliplatin
administration markedly increased the levels of IL1f, IL6, and
TNFo in plasma and DRG (Fig. 3A-F) and increased levels of
phospho-NF-xB p65 in the DRG (Fig. 3G).

However, the mechanisms underlying macrophage-mediated neu-
roinflammation in OIPN remain unknown. We hypothesized that
NETs played a critical role in these neuroinflammatory responses. A
small number of F4/80" cells were observed in the DRG of saline-
treated mice (Fig. 3H). Oxaliplatin-induced increased infiltration of
macrophages (F4/80") into the DRG and these cells colocalized with
H3Cit. Infiltration of macrophages was decreased in Pad4 '~ mice.
Consistent with this, the levels of IL1B, IL6, and TNFo. were also
decreased in the DRG of oxaliplatin-treated Pad4 '~ mice (Fig. 31-K).
These data indicate that oxaliplatin-induced NETs mediated periph-
eral neuroinflammation.

NET-mediated NLRP3 activation is required for OIPN via the
TLR7/TLR9 pathway

It is widely believed that DNA is the most important component
of NETs, but NETs also contain RNA (25). We investigated whether
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Figure 2.

Chemotherapy induces gut microbe-derived NET formation. Adult male C57BL/6J mice were intraperitoneally injected with L-OHP (3 mg/kg) for 5 days for a total
dose of 15 mg/kg. A, The degree of intestinal barrier disruption and inflammatory infiltration were evaluated by H&E staining (n = 3). Scale bar, 50 um. B and C, LPS
levels in the serum and DRG of mice were evaluated by Pierce Chromogenic Endotoxin Quant Kit (n = 8). D and E, For gut microbiota eradication, mice were provided
drinking water containing 0.5 g/L ampicillin, 0.5 g/L neomycin, 0.5 g/L metronidazole, and 0.25 g/L vancomycin with 3 g/L artificial sweetener Splenda for 3 weeks.
Then, the mice were intraperitoneally injected with L-OHP (3 mg/kg) for 5 days. The mechanical pain threshold was tested for 14 days by the von Frey test (n = 8).
F and G, The level of H3Cit and NE in plasma was evaluated at day 14 after the initiation of L-OHP treatment using the H3Cit ELISA kit and NETosis Assay, respectively
(n=8).H, NET formation was examined by scanning electron microscopy following 4 hours of stimulation of neutrophils with LPS (10 ng/mL), L-OHP (10 umol/L), or
LPS (10 ng/mL) + L-OHP (10 umol/L). Cells treated with LPS (1 ug/mL) were used as a positive control (n = 3). Scale bar, 10 um. I, Neutrophils derived from mouse
bone marrow were pretreated with LPS (10 ng/mL), L-OHP (10 umol/L), or LPS (10 ng/mL) + L-OHP (10 umol/L) for 4 hours, and immunofluorescence staining of
NETs was performed: H3Cit (green), MPO (red), and DAPI (blue). The white arrow showed the details of NETs (n = 3). Scale bar, 50 um. ***, P< 0.001. Data are shown
as mean + SEM.
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Oxaliplatin induces NET-mediated proinflammatory cytokine production. A=-F, Adult male C57BL/6J mice were intraperitoneally injected with L-OHP (3 mg/kg)
for 5 days for a total dose of 15 mg/kg. The levels of IL1B, IL6, and TNFa.in plasma and DRG were evaluated by ELISA on day 14 after the initiation of L-OHP treatment
(n = 8). G, The level of phospho-NF-kB p65 protein in the DRG was evaluated by western blot on the 14th day after the initiation of L-OHP treatment (n = 4).
H, Representative immunofluorescence microscopy images of DRGs from WT and Pad4~/~ mice stained with F4/80 (green) and H3Cit (red) on the 14th day after the
initiation of L-OHP treatment. The white boxed area shows the details of NETs colocalizing with macrophages (white arrow; n = 3). Scale bar, 50 um. I-K, The levels of
I11b, 116, and Thfa mMRNA in the DRG were evaluated by qPCR at day 14 after the initiation of L-OHP treatment in WT and Pad4~/~ mice (n = 4). ***, P<0.001. Data are

shown as mean + SEM.

the degradation of NETs with DNase 1 or RNase A could alleviate
OIPN in mice. The concomitant treatment of mice with DNase 1 or
RNase A together with oxaliplatin effectively alleviated neuropathic
pain and reduced the level of H3Cit (Fig. 4A-C). Moreover, the
administration of DNase 1 or RNase A also improved established
mechanical hyperalgesia caused by oxaliplatin (Supplementary
Fig. S5A-S5C).

1550 Cancer Immunol Res; 10(12) December 2022

We next isolated neutrophils from the mouse bone marrow and
incubated them with LPS. Sytox Green-positive extracellular DNA
fibers and Syto RNAselect green-positive extracellular RNA were
observed (Fig. 4D). Excessive NET's can cause severe inflammatory
reactions. The stimulation of BMDMs with NETs induced the
upregulation of IL1f, IL6, and TNFo (Fig. 4E). In addition, our
study found that NETs promoted M1-like macrophage polarization
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Figure 4.

The TLR7/TLR9 signaling pathway contributes to the activation of the NLRP3 inflammasome induced by NETs. A and B, Adult male C57BL/6J mice were injected with
DNasel (150 U, i.v.) or RNase A (1mg/kg, i.v.) from the initiation of L-OHP treatment to the 14th day. The mechanical pain threshold was tested for 14 days by the von
Frey test (n = 8). C, The level of H3Cit in plasma from the mice in A-B was evaluated by H3Cit ELISA kit on day 14 after the initiation of L-OHP treatment (n = 8).
D, Neutrophils were incubated in LPS (1 ug/mL) for 4 hours and stained with DNA Sytox Green, RNA Syto RNAselect Green and DAPI (blue). White arrows indicate
NETs (n = 3). Scale bar, 50 um. E-G, BMDMs were pretreated with a TLR2 inhibitor (C29, 10 umol/L), TLR4 inhibitor (TAK242, 10 umol/L), TLR7 inhibitor (IRS661,
1 umol/L), TLR8 inhibitor (CU-CPT9a, 10 umol/L), or TLR9 inhibitor (IRS869, 1 umol/L) for T hour and then treated with NETs (500 ng/mL) for 3 hours. The levels
of /b, 116, and Tnfa mRNA were measured by qPCR (n = 3). H-J, BMDMs were pretreated with a TLR7 inhibitor (IRS661, 1 umol/L) plus a TLR9 inhibitor (IRS869,
1 umol/L) for 1 hour and then treated with NETs for 3 hours. The levels of //ib, /I6, and Tnfa mRNA were measured by gPCR (n = 3). K, Representative
immunofluorescence microscopy images of NETs in BMDMs. Neutrophils were incubated with LPS (1ug/mL) for 4 hours to induce NET formation. Then, BMDMs were
treated with NETSs for 1 hour and stained with H3Cit (green), TLR7 or TLR9 (red), and DAPI (blue). Each panel represents a section from the stack on the z axis
appropriately chosen to visualize the colocalization of H3Cits with TLR7 or TLR9. For each field, two 3D reconstruction sections perpendicular to the plane of the
monolayer and parallel to the x or y axis are shown above (x-z section, green line) and to the right (y-z section, red line) of each panel (n = 3). Scale bar, 10 um. L, Adult
male C57BL/6J mice were administered with inhibitors for TLR7 and TLR9 (IRS954, 10 mg/kg, i.p.) 1 day before the initiation of L-OHP treatment until the end of
14 days. The mechanical pain threshold was tested for 14 days by the von Frey test (n = 8). M=0, BMDMs were pretreated with cytochalasin D (5 umol/L) for Thour and
then treated with NETs for 3 hours. The levels of //1b, /16, and Tnfa mRNA were measured by gPCR (n = 3). P, BMDMs transfected with siRNA targeting the genes
encoding NLRP1, AIM2, NLRP3, or NLRC4 were treated with NETs for 3 hours and then treated with oxaliplatin (10 umol/L) for Thour (n = 3). Western blot was used to
evaluate the levels of IL1B in supernatants. *, P < 0.05; **, P < 0.01; ***, P < 0.001. Data are shown as mean + SEM.
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Figure 5.

NLRP3 activation and subsequent IL18 release contribute to oxaliplatin-induced mechanical hyperalgesia. A, The level of ROS in the DRG at day 14 after the initiation
of L-OHP treatment was assessed by DCFH-DA staining (n = 8). Band C, The level of ROS in BMDMs stimulated with L-OHP (1,5, 0r 10 umol/L) for Thour was assessed
by calculating the ratio of DCFH-DA-positive cells to 10,000 cells through flow cytometry. BMDMs stimulated with rotenone (10 umol/L, 6 hours) were
used as a positive control (n = 4). D-K, BMDMs were stimulated with NETs for 3 hours and then stimulated with L-OHP (10 umol/L) or left unstimulated for
1 hour. LPS (1 ug/mL)-primed BMDMs were treated with ATP (1.5 mmol/L) as a positive control (n = 3). Western blot was used to assess the activation of NLRP3
inflammasome-related proteins [NLRP3, Pro-IL1B, Pro-caspase-1, Caspase-1(p20), IL1B] in BMDMs treated with NETs and/or L-OHP in both culture supernatants
[caspase-1(p20), IL1B] and cell lysates (NLRP3, Pro-IL1B, Pro-caspase-1; D-I). IL1B or IL18 in supernatants were analyzed by ELISA (J and K). L-Q, WT and Pad4~/~
mice were treated with L-OHP (3 mg/kg) for 5 consecutive days to induce mechanical hyperalgesia. The protein levels of NLRP3, caspase-1(p20), IL1, IL18,and H3Cit
in the DRG were evaluated on the 14th day by western blot (n = 3). R, The levels of IL18 in WT and Pad4™~ mice plasma were evaluated by ELISA at day 14 after the
initiation of L-OHP treatment (n = 8). S, WT and N/rp3’/’ mice were treated with L-OHP (3 mg/kg) for 5 consecutive days for a total dose of 15 mg/kg to induce
mechanical hyperalgesia. The mechanical pain threshold was tested for 14 days by the von Frey test (n = 8). T, NLRP3 inhibitor MCC950 (20 mg/kg, i.p.) was
administered one day before L-OHP administration until the end of 14 days (n = 8). The mechanical pain threshold was tested for 14 days by the von Frey test. U, Mice
were treated with IL18BP (200 pg/kg, i.p.) or anakinra (2.5 mg/kg, i.p.) 1day before L-OHP administration. The mechanical pain threshold was tested for 14 days by the
von Frey test (n = 8). V, IL18 (20 ng per mouse, i.p.) was administered one day before L-OHP administration to N/rp3’/’ mice until the end of 7 days. The mechanical
pain threshold was measured for 7 days (n = 6). W, The phosphorylation level of Glu2B in the spinal cord was evaluated on the 14th day after the initiation of L-OHP
treatment by western blot (n = 3). *, P < 0.05; **, P < 0.01; ***, P < 0.001. Data are shown as mean + SEM.
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with upregulation of the M1 markers IL1f, TNFa , and iNOS
and downregulation of the M2 markers Argl, Fizzl, and CD206
(Supplementary Fig. S6A-S6B).

The DNA component of NETs is known to efficiently induce the
dimerization of TLRY (26, 27). In addition, TLR7 and TLRS8 have been
shown to be involved in the NET-RNA inflammatory pathway (25). In
addition to DNA and RNA, extracellular histones are also key com-
ponents of NETs (28). Extracellular histones can be recognized by

NETs Drive Oxaliplatin-Induced Peripheral Neuropathy

TLR2 and TLR4 and exert a proinflammatory effect (29). Taken
together, TLR2, TLR4, TLR7, TLRS8, and TLR9 could potentially be
involved in NET-triggered cytokine production. To identify which
TLR was critical in this process, we pretreated BMDMs with inhibitors
of TLR2, TLR4, TLR7, TLRS, or TLR9 and then stimulated them with
NETs. The qPCR data showed that TLR7 and TLRY inhibitors
efficiently inhibited the increased transcription of Il1b, Il6, and Tnfa
induced by NETs (Fig. 4E-G). Concomitant use of the TLR7 inhibitor
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Figure 6.

NETs and IL18 are detected in the plasma of patients after chemotherapy. A and B, The level of H3Cit and cfDNA, as measured by H3Cit ELISA kit and Quant-iTPico

green dsDNA assay, respectively, in plasma from healthy volunteers and cancer patients who had or had not received chemotherapy (n =10). C and D, The levels of

IL18 and IL1B in the same plasma samples used in A=B were measured by ELISA (n =10). E, Correlations between IL18 and H3Cit were analyzed by linear regression
analysis (R?> = 0.6993, P = 0.0026). F, Correlations between IL18 and cfDNA were analyzed by linear regression analysis (R? = 0.5209, P = 0.0184). G-I, Correlations
between VAS and H3Cit, cfDNA or IL18 were analyzed by linear regression analysis (R? = 0.7673, P = 0.0009; R? = 0.7107, P = 0.0022; R? = 0.5148, P = 0.0195,

respectively). *, P < 0.05; ***, P < 0.001. Data are shown as mean 4 SEM.
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with the TLR9 inhibitor suppressed proinflammatory cytokines most
(Fig. 4H-J). Il1b was inhibited much more than 16 and Tnfa, with a
marked 12-fold decrease in 1116 mRNA level, a 5-fold decrease in Il6
and a 5-fold decrease in Tnfa (Fig. 4H-J). Immunofluorescence
demonstrated H3Cit colocalized with TLR7 and TLR9 in BMDMs
(Fig. 4K). Similarly, Sytox Orange labeled NET's colocalized with TLR7
and TLRY receptor in BMDMs (Supplementary Fig. S7). Furthermore,
TLR7 and TLRY inhibitors significantly alleviated OIPN in vivo
(Fig. 4L). Because TLR7 and TLRY recognize nucleic acids and localize
to intracellular compartments, we utilized cytochalasin D to identify
whether NET's were endocytosed by macrophages. qPCR data showed
that cytochalasin D suppressed the levels of I11b, 116, and Tnfa mRNA
induced by NETs in BMDMs (Fig. 4M-O).

A growing body of evidence supports the notion that IL1f is
critical in neuropathic pain. At present, the NLRP1, AIM2, NLRP3,
and NLRC4 inflammasomes are reported to be associated with IL1
production (30). Therefore, BMDMs were transfected with siRNA
targeting Nirpl, Aim2, Nirp3, Nlrc4, and Arrb2 (Supplementary
Fig. S8). We found that NLRP3 and AIM2 deficiency, especially
NLRP3 deficiency, significantly decreased the level of IL1} induced
in BMDMs by NETs (Fig. 4P). These results implied that NET-
mediated activation of the NLRP3 inflammasome is required
for oxaliplatin-induced mechanical hyperalgesia via the TLR7/
TLR9 pathway.

NLRP3 activation and subsequent IL18 release
contribute to OIPN

Canonical NLRP3 inflammasome activation is a two-step pro-
cess. First, an NF-kB-activating stimulus induces elevated expres-
sion of NLRP3. After this priming, a second signal is required to
activate NLRP3 and lead to caspase 1-dependent release of IL1J
and IL18. Among the best-characterized activating stimuli are K"
efflux, Ca™ flux, lysosomal disruption, and mitochondrial ROS
(mtROS; ref. 31). We found that oxaliplatin caused an ROS burst
in the DRG of mice (Fig. 5A). In addition, DCFH-DA staining
showed that oxaliplatin increased the level of ROS in BMDMs
(Fig. 5B and C). Thus, we hypothesized that oxaliplatin-induced
ROS could induce the activation of NLRP3. To begin testing this
hypothesis, we prepared NETs from LPS-stimulated neutrophils
and investigated their effects on BMDMs in vitro. Stimulation with
either NETs or oxaliplatin produced minor increases in the con-
centrations of IL1P and IL18 in the supernatants of BMDMs
(Fig. 5D-K). In contrast, BMDMs released substantial IL1f and
IL18 when pretreated with NETs and subsequently stimulated with
oxaliplatin. These data indicated that NETs provide an NLRP3
priming signal and oxaliplatin provides an activating signal in
IL1P and IL18 production.

NETs Drive Oxaliplatin-Induced Peripheral Neuropathy

Next, we investigated the role of the NLRP3 inflammasome in the
development of OIPN. Oxaliplatin-induced upregulation of NLRP3
and subsequent IL1P and IL18 production were reduced in Pad4 '~
mice, as assessed by western blot (Fig. 5L-Q). Consistent with this,
ELISA data showed that the concentration of IL18 in plasma was
significantly lower in Pad4 ™'~ mice than that in WT mice after
treatment of oxaliplatin (Fig. 5R). Furthermore, inhibition of NLRP3
by genetic ablation or using the NLRP3 inhibitor MCC950 signifi-
cantly alleviated OIPN (Fig. 5S and T).

Activation of the NLRP3 inflammasome drives the release of IL1[3
and IL18, which are known to sensitize nociceptors. At present,
NLRP3-mediated diseases, such as rheumatoid arthritis, are currently
managed with biologics targeting IL1f signaling, such as the ILIR
antagonist anakinra (31, 32). It has been reported that the IL1IR
antagonist anakinra could be used to prevent the development of
vincristine-induced mechanical hyperalgesia (15). Therefore, we
sought to evaluate alleviated mechanical hypersensitivity induced by
oxaliplatin, but it did not (Fig. 5U). This result suggested that IL18 may
play an important role in the development of OIPN in our model. We
tested this idea using IL18BP to antagonize the activity of IL18 during
OIPN. Symptoms of mechanical hyperalgesia were significantly
reversed by IL18BP (Fig. 5U). Furthermore, we found that adminis-
tration of IL18 to NIrp3~'~ mice elicited mechanical hyperalgesia
(Fig. 5V). Taken together, these data indicate that NLRP3 activation
and subsequent IL18 release contribute to oxaliplatin-induced
mechanical hyperalgesia.

It has been reported that IL18 can induce the phosphorylation of
Tyr1472 of the GluN2B subunit of N-methyl D-aspartate receptors
during bone cancer pain (33). In our study, western blot data showed
that the phosphorylation of GluN2B Tyr1472 increased in the spinal
cord after oxaliplatin treatment and this increase was significantly
suppressed by IL18BP treatment (Fig. 5W). IL18 is also recognized
as a potent inducer of IFNY. We found an increased amount of IFNYy in
the DRG of oxaliplatin-treated mice, and this increase was suppressed
by IL18BP (Supplementary Fig. S9). In addition, treatment with an
anti-IFNy significantly alleviated oxaliplatin-induced mechanical
hyperalgesia. Anti-IFNY increased the pain threshold from 0.3 to
0.8 (Supplementary Fig. S9), whereas IL18BP increased pain threshold
from 0.28 to 1.16 (Fig. 5U). Our data indicate that IL18 plays a key role
upstream of IFNYy in the development of OIPN and suggest that IL18-
induced phosphorylation of GluN2B Tyr1472 mediates central
sensitization.

Finally, we further validated our data by utilizing plasma from
patients with cancer, half of whom had been treated with chemother-
apy (Supplementary Tables S1 and S2). As shown in Fig. 6A-D, the
levels of H3Cit, cfDNA, IL18, and IL1p in plasma from patients with
cancer who received chemotherapy were higher than in plasma from

Figure 7.

EPA prevents OIPN by suppressing the formation of NETs and abolishing the activation of NLRP3 inflammasome. A, NET formation was quantitatively detected by
Sytox Green staining. Bone marrow-derived neutrophils were incubated with LPS (1 pg/mL) for 4 hours. DHA (20 umol/L) or EPA (20 umol/L) was added to the
medium 1 hour before LPS. Then, the cells were stained with Tumol/L Sytox Green for 15 minutes, and fluorescence intensity was captured at an emission peak of
523 nm when excited by a 488 nm argon-ion laser (n = 8). B, Immunofluorescence staining of NETs was performed: H3Cit (green), MPO (red) and DAPI (blue). The
images are representative of three independent experiments. Scale bar, 50 um. C, Bone marrow-derived neutrophils were incubated with LPS (10 ug/mL) for 1 hour,
and EPA (20 umol/L) was added to the medium for 1hour before LPS treatment. The phosphorylation of JNK was analyzed by western blotting (n = 3). D-G, BMDMs
transfected with Arrb2-targeting siRNA were pretreated with EPA (20 umol/L) for 1 hour before NET stimulation. BMDMs were stimulated with NETs for 3 hours
in presence of EPA, and then oxaliplatin (10 umol/L) was added for Thour. Western blot was used to test the activation of NLRP3 inflammasomes-related proteins
[Pro-IL18, caspase-1 (p20)] in BMDMs in both culture supernatants (Pro-IL18) and cell lysates [caspase-1(p20); n = 3)]. D-F, IL18 in supernatants was analyzed by
ELISA (n =3).G.H-0, EPA (19/kg, i.9.) was administered by gavage 5 days before the initiation of L-OHP treatment to the 14th day. The levels of cfDNA and H3Cit in
the plasma were evaluated by the Quant-iTPico green dsDNA kit and the H3Cit ELISA kit (n = 8; H=1). The mechanical pain threshold was tested for 14 days by the von
Frey test (n = 8; J). The protein levels of H3Cit, NLRP3, caspase-1(p20) and IL18 in the DRG were evaluated on the 14th day after the initiation of L-OHP treatment by
western blot (n = 3; K-0). P, Schematic illustration indicating that oxaliplatin-induced NETs contribute to the development of OIPN via NLRP3 activation and IL18
release. *, P < 0.05; **, P < 0.01; ***, P < 0.001. Data, mean + SEM.
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patients who did not receive chemotherapy. Spearman correlation
analysis showed that there was a positive correlation between IL18 and
H3Cit (Fig. 6E) and between IL18 and cfDNA (Fig. 6F), indicating a
positive correlation between NETs formation and neuroinflammation.
Furthermore, there was a strong correlation between H3Cit/cfDNA
and VAS (Fig. 6G and H), indicating a positive correlation between
NET formation and OIPN. Similarly, we detected a positive correlation
between IL18 and VAS (Fig. 6I).

EPA prevents OIPN by suppressing the formation of NETs

Omega-3 fatty acids (0-3 FAs), including EPA and docosahexae-
noic acid (DHA), are essential to human health, and deficiencies can
lead to chronic diseases (34). Increasing evidence indicates that ®-3
FAs can suppress inflammation and have a beneficial role in a
variety of inflammatory human diseases, including diabetes, ath-
erosclerosis, and arthritis (35, 36). ®-3 FAs exert their anti-
inflammatory activity via inhibition of inflammasome activa-
tion (37). Results from one randomized double-blind placebo-
controlled trial showed that -3 FAs are protective against pacli-
taxel-induced peripheral neuropathy in patients with breast can-
cer (38). However, the mechanisms of the protective effects of ®-3
FAs remain unclear. Here, we assessed whether ®-3 FAs might
suppress the formation of NETs besides their ability to inhibit the
activation of the NLRP3 inflammasome in OIPN.

First, neutrophils were incubated with LPS to form NETs. Sytox
Green staining, indicative of NETs, was significantly decreased when
the neutrophils were exposed to PS in the presence of EPA or DHA
(Fig. 7A). EPA achieved better effects in suppressing NET formation.
Immunostaining revealed that EPA inhibited LPS-induced NET for-
mation (Fig. 7B). It has been reported that LPS triggers NET formation
via the TLR4-JNK pathway (39). Consistent with this idea, we found
that EPA decreased LPS-induced phosphorylation of JNK in neutro-
phils (Fig. 7C). We next assessed the effect of EPA on NLRP3
inflammasome activation in BMDMs following priming by NETs.
We observed that pretreatment of BMDM:s with EPA blocked NET-
induced caspase-1 activation and maturation of IL18 in the presence
of oxaliplatin (Fig. 7D-G). It has been reported that GPR120-
ARRB?2 is involved in the inhibition of the NLRP3 inflammasome
activation by EPA (37). We further investigated the molecular
mechanism underlying the inhibitory effect of EPA on NET-
induced activation of the NLRP3 inflammasome. We found that
downregulation of ARRB2 in BMDMs (Supplementary Fig. S10)
abrogated the inhibitory effects of EPA on NLRP3 inflammasome
activation (Fig. 7D-G). In addition, we evaluated the effect of EPA
on BMDMs after stimulation with LPS in the presence or absence
of oxaliplatin. We found that EPA suppressed activation of
the NLRP3 inflammasome by LPS with or without oxaliplatin
(Supplementary Fig. S11A). In fact, EPA inhibited the upregulation
of NLRP3 induced by LPS. This indicated that EPA can suppress
the first step of NLRP3 inflammasome activation. In addition, we
found that EPA blocked LPS-induced caspase-1 activation and
maturation of IL18 in the presence of oxaliplatin (Supplementary
Fig. S11B). Downregulation of ARRB2 in BMDMs decreased the
inhibitory effects of EPA on LPS-induced activation of the NLRP3
inflammasome.

Finally, we investigated whether EPA could prevent OIPN in mice.
Mice were treated with EPA for 5 days before oxaliplatin adminis-
tration. EPA decreased the level of H3Cit and cfDNA in plasma
(Fig. 7H and I) and EPA significantly alleviated mechanical hyper-
algesia (Fig. 7]), with decreased levels of NLRP3, caspase-1 and IL18
detected in the DRG (Fig. 7K-0). Furthermore, we investigated

1556 Cancer Immunol Res; 10(12) December 2022

the effect of EPA on OIPN in neutropenic mice by using anti-Ly6G
to deplete neutrophils prior to oxaliplatin treatment. The behavior test
data showed that EPA significantly alleviated oxaliplatin-induced
mechanical hyperalgesia in neutropenic mice (Supplementary
Fig. S11C). Coadministration of EPA and anti-Ly6G significantly
alleviated the mechanical hyperalgesia compared with anti-Ly6G
alone. Taken together, these results indicated that EPA could pre-
vent OIPN by suppressing the formation of NETs and by abolish-
ing the activation of the NLRP3 inflammasome.

Discussion

Oxaliplatin is a commonly used neurotoxic chemotherapeutic, and
the mechanism underlying neurotoxicity is complex. Neuroinflamma-
tion has been postulated to contribute to the neurotoxicity induced by
oxaliplatin (5). Oxaliplatin administration induces the infiltration of
macrophages into DRG and upregulates transcription of the genes
encoding IL1B, IL6, and TNFa in DRG neurons (40). Although
chemotherapy-associated inflammation is regarded as a key mecha-
nism in the development of OIPN, the pathogenesis underpinning
these processes remains elusive.

One study reported that mechanical hyperalgesia was reduced
in germ-free mice, indicating a role for the gut microbiota in OIPN
(9). LPS, a gram-negative bacterial wall component derived from
gut microbiota, enables and augments macrophage secretion of in-
flammatory cytokines in response to oxaliplatin treatment. Gut
microbiota-derived LPS serves as a connection between the gut—
neuroimmune axis, forming a complex network influencing the
main components involved in the symptoms of OIPN. LPS is a
typical bacterial component responsible for inducing the formation
of NETs. Although NETs are beneficial for controlling acute infec-
tion, excess or dysregulated NETs are associated with many
acute inflammation or chronic inflammatory and autoimmune
diseases, including COVID-19, sepsis, and vascular diseases (41, 42).
The relationship between OIPN and NETs has not been reported.
According to previous studies, PAD4 expression in granulocytes
is essential for NET formation by promoting histone citrullination.
Histone citrullination is thought to facilitate chromatin deconden-
sation and the expulsion of chromosomal DNA in NETs (43).
As a result, citrullinated histone H3 is considered a specific bio-
marker of NETs. Our results showed that oxaliplatin induced
increased levels of H3Cit in plasma and DRG. The inhibition
of NET formation by Pad4 gene ablation and PAD4 pharmacologic
inhibition ameliorated oxaliplatin-induced mechanical hyperalge-
sia. In addition, we found that mice treated with oxaliplatin
exhibited a disrupted gut epithelial barrier and increased inflam-
matory infiltration. Treatment with antibiotics reduced the level of
NETs in blood and alleviated the mechanical hyperalgesia induced
by oxaliplatin.

Next, we sought to investigate whether NETs were critical in
oxaliplatin-induced neuroinflammation. We found that Pad4 gene
ablation decreased the infiltration of macrophages and reduced the
levels of IL1f, IL6, and TNFa in DRG. These results strongly
suggested that NETs could prime macrophage activation and cause
proinflammatory cytokine production in OIPN. Activation of NF-
KB and release of proinflammatory cytokines often follow TLR
stimulation. Some TLRs (TLR1, TLR2, TLR4, TLR5, TLR6, and
TLR10) are expressed on the plasma membrane, whereas others
(TLR3, TLR7, TLR8, and TLRY) are expressed in the endosome and
endoplasmic reticulum (44). NETs are characterized as extracellular
DNA fibers, histones, cytoplasmic granule proteins, and RNA.
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Considering the components of NETs, we hypothesized that TLR2,
TLR4, TLR7, TLRS, and/or TLRY might be activated during OIPN.
Our results showed that NETs promoted macrophage phagocytosis
and induced a proinflammatory M1-like macrophage phenotype.
Moreover, NETSs colocalized with TLR7 and TLR9. These receptors
contributed to the upregulation of proinflammatory cytokines
induced by NETs. A dual inhibitor of TLR7 and TLR? significantly
alleviated OIPN.

Starobova and colleagues pointed out that IL1p contributed to the
development of vincristine-induced neuropathy (15). Thus, we inves-
tigated the release of IL1B during OIPN in our model. The maturation
and release of IL1J depend on inflammasome activation (30).
Four inflammasomes, NLRP1, AIM2, NLRP3, and NLRC4, are critical
for the production of IL1B during inflammation (45). Our results
showed that NLRP3 and AIM2 deficiency, especially NLRP3 deficien-
cy, significantly reduced the expression of IL1f induced by NETs.
NET-triggered NLRP3 inflammasome activation has been previously
demonstrated by Liu and colleagues, who reported that NETs could
induce an NLRP3-mediated inflammatory response during a diabetic
wound (46). NLRP3 inflammasome activation typically requires two
steps (47). Our results illustrated that NETs acted as the first signal and
that oxaliplatin-induced ROS acted as the second signal in the acti-
vation of NLRP3.

Although NLRP3 activation is found in a wide variety of inflam-
matory diseases, the role of NLRP3 in OIPN is still elusive. We found
that oxaliplatin-induced mechanical hyperalgesia was significantly
reduced in Nlrp3~/~ mice. Direct targeting of NLRP3 by MCC950,
a potent and specific NLRP3 inhibitor, significantly alleviated OIPN.
In addition to directly targeting NLRP3, the blockade of IL1 signaling is
currently used in the treatment of NLRP3-driven autoimmune dis-
eases. Therefore, we investigated anakinra (a recombinant IL1R
antagonist) in the treatment of OIPN. However, anakinra failed to
suppress OIPN, which implied that IL18 played a very important role
in OIPN progression.

It has been reported that IL18-induced phosphorylation of Tyr1472
of the NMDA Receptor GluN2B contributes to bone cancer pain (30).
IL18BP is a natural inhibitor of IL18 with high binding affinity. It
reduces bioavailability, blocks the effect, and decreases the inflamma-
tion caused by IL18 (48, 49). IL18BP enhances morphine and bupre-
norphine analgesia in neuropathy (50). In our study, we found that
IL18BP significantly alleviated OIPN, suggesting that the addition of
IL18BP to chemotherapy regimens might be a viable treatment
approach for the prevention of OIPN.

Because MCC950 and IL18BP are not available clinically.
We wanted to investigate other agents for the treatment of OIPN.
A randomized double-blind placebo-controlled trial reported that ®-3
FAs were protective against paclitaxel-induced peripheral neuropathy
in patients with breast cancer (38). However, the mechanisms
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