
Supplementary Material and Methods  

Cell culture and reagents 

PANC-1, MIAPaCa-2, and BxPC-3 cells were cultured in Dulbecco’s modified Eagle’s 

medium (DMEM, #56499C, Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10% fetal 

bovine serum (FBS), 100 U/ml penicillin, and 100 μg/ml streptomycin (P/S) (#P4333, Sigma-

Aldrich). GCIY cells were cultured in MEM (#M4655, Sigma-Aldrich) supplemented with 15 % 

FBS and P / S. HCT116 cells were were maintained in MaCoy’s 5 A (#M8403, Sigma-Aldrich) 

supplemented with 10 % FBS and P / S. The cells were maintained in a humidified 

atmosphere with 5 % CO2 at 37 °C. 

Phorbol 12-myristate 13-acetate, PMA, was used at 20 nM (#P1585, Sigma-Aldrich) for in 

vitro study; the peptidylarginine deiminase inhibitor, Cl-amidine, was used at 25 μM (#10599, 

Cayman Chemical, Ann Arbor, MI); the NADPH oxidase inhibitor, apocynin, was used at 300 

μM (#11976, Cayman Chemical); sivelestat sodium salt was used at 10 μM (#3535, Tocris 

bioscience, Minneapolis, MN, USA); DNase was used at 1000 U/ml (#10104159001, Roche); 

recombinant human thrombomodulin (Recomodulin™ anticoagulant) was used at 400 nM 

(rhTM, #873339, Asahi Kasei Pharma Co, Tokyo, Japan); human thrombin was used at 2 

U/ml (#7009, Sigma-Aldrich); and recombinant human high mobility group box-1 was used 

at 30, 100, 300, and 500 ng/ml (rhHMGB1, #1690-HMB-050, R&D systems, Minneapolis, 

MN). 

 

Antibody 

For western blot analysis, the following primary antibodies were used: vimentin (D21H3) 

(#5741, Cell Signaling Technology, Danvers, MA, USA), E-Cadherin (24E10) (#3195, Cell 

Signaling Technology) and α-Smooth Muscle Actin (D4K9N) (#19245, Cell Signaling 



Technology), β-actin (#A5441, Sigma-Aldrich), CD24 (SN3) (#sc-19585, Santa Cruz 

Biotechnology, Santa Cruz, CA, USA), TLR2 (#ab16894, Abcam, Cambridge, MA, USA), 

TLR4 (#ab13556, Abcam), and RAGE (#ab3611, Abcam). All primary antibodies were used 

at a 1:1000 dilution. The following secondary antibodies were used: anti-mouse IgG, HRP-

Linked Whole Antibody Sheep (#NA931, GE Healthcare, Buckinghamshire, England, UK) at 

a 1:2500 dilution and anti-rabbit IgG, HRP-Linked Whole Antibody Donkey (#NA934, GE 

Healthcare) at a 1:5000 dilution. 

For IF staining, the following primary antibodies were used: citrullinated histone H3 

(#ab5103, Abcam) at a 1:200 dilution, myeloperoxidase (MPO, #ab25989, Abcam) at a 1:500 

dilution, and Ly6G (#ab25377, Abcam) at a 1:100 dilution, and CD31 (#28364, Abcam) at a 

1:50 dilution. The following secondary antibodies were used: donkey anti-mouse IgG H&L 

(Alexa Fluor®405) (#ab175561, Abcam), goat anti-rabbit IgG H&L (Alexa Fluor®488) 

(#ab150081, Abcam), donkey anti-rabbit IgG H&L (Alexa Fluor®405) (#ab175653, Abcam), 

and donkey anti-rat IgG H&L (Alexa Fluor®488) (#ab150165, Abcam). All secondary bodies 

were used at a 1:500 dilution. 

 

Isolation of neutrophils 

Neutrophils were isolated from a healthy volunteer. Whole blood was collected by 

venipuncture into blood collection tubes coated with EDTA 2K (#365900, Becton, Dickinson 

and Company, Franklin Lakes, NJ, USA). Then, 5 mL of whole blood were layered over 5 mL 

of Polymorphprep (#114683, Abbott Diagnostics Technologies AS, OSLO, Norway) in a 15-

mL tube and centrifuged at 500 × g for 35 min at room temperature. The lower leukocyte 

band containing neutrophils was collected, followed by 2 times washing with PBS. Finally, 

they were resuspended in DMEM without FBS. The purity of isolated neutrophils was 



confirmed to to be > 90 % of total cells through flow cytometric analysis by using anti-CD16b 

antibody (#IM2353U, Beckman Coulter Life Sciences). (Supplementary Fig. 9).  

 

Conditioned media preparation 

Neutrophil extracellular trap-conditioned medium (NET_CM) was collected after neutrophils 

(2×106 cells/ml) were cultured with 20 nM PMA for 3 hours. In contrast, non-stimulated 

polymorphonuclear leukocyte-conditioned medium (PMN_CM) was collected after 

neutrophils were cultured alone for 3 hours. To block NET formation, neutrophils were 

precultured with Cl-amidine, apocynin, or sivelestat sodium salt 30 min before PMA 

stimulation. Cancer cells were cultured with the CM for 48 hours with or without rTM along 

with human thrombin. The cells were then used for the following experiments. 

Cancer cell CM was collected after 48 hours of incubation in serum-free DMEM at 100% 

confluence. After centrifugation, the supernatant was used as the Cancer CM. The CM was 

stocked at -80 °C. 

 

Co-cultures of cancer cells and neutrophils 

PANC-1 cells (1×105 cells) were seeded onto 6-well plates and cultured for 24 hours. The 

cells were then co-cultured with neutrophils (2×106 cells) over a distance using a transwell 

system (#353090, BD Falcon™; Becton, Dickinson and Company) for 48 hours. These 

cancer cells were used for the migration and invasion assays. In contrast, after neutrophils 

(2×106 cells) were seeded onto 6-well plates, they were co-cultured with PANC-1 cells (2×105 

cells) over a distance using a transwell system for 6 hours. The neutrophils were then 

observed using immunostaining. 

 



Quantification of NETs 

NETs were labeled with an anti-citrullinated histone 3 antibody, and fluorescence images 

(200 x) were saved in tiff format. Images were exported to the ImageJ (NIH) software for 

analysis. A minimum brightness threshold was set to yield only positive staining, and the 

same threshold and contrast settings were applied to each image within a given experiment. 

Threshold images were converted to binary black-and-white images, and the positive staining 

area was calculated. The area (μm2) per field was expressed as the mean of four random 

areas and the data were compared between the groups.  

 

Migration and Invasion assays 

In vitro migration and invasion assays were examined in the chambers of 8-μm transwell 

inserts with or without Matrigel (BD Falcon™), respectively. Cancer cells were cultured with 

the CM or rhHMGB1 with or without rTM-supplemented human thrombin for 48 hours. After 

trypsinization and centrifugation, cancer cells were added in serum-free medium to the upper 

chamber of each well insert, and DMEM supplemented with 1% fetal bovine serum was 

added into the lower chamber. After incubation for 24 hours at 37 °C, the non-invading cancer 

cells were wiped off, and cells on the bottom side of the upper chamber were fixed with 4% 

paraformaldehyde and stained with 0.5% crystal violet. The stained cells were counted under 

a light microscope at a magnification of ×200. 

 

NET formation assays 

Neutrophils (2×106 cells) were seeded onto poly-l-lysine-coated coverslips in the lower 

chamber of 6-well plates and pretreated with or without Cl-amidine, apocynin, sivelestat 

sodium salt, DNase, or rTM for 30 min. They were then treated with 20 nM PMA or rhHMGB1 



for 3 hours. Coverslips were fixed with 4% paraformaldehyde (PFA) and incubated in blocking 

buffer (10% fetal bovine serum in PBS) for 30 min. They were stained with primary antibodies 

in blocking buffer using either myeloperoxidase antibody or citrullinated histone H3 antibody 

as described. After being washed 3 times with blocking buffer, they were stained with Alexa 

Fluor-conjugated secondary bodies as described and counterstained with SYTOX orange 

Nucleic Acid Stain (#S11368, Thermo Fisher Scientific, Waltham, MA, USA). NETs were 

defined as co-localized DNA, myeloperoxidase, and citrullinated histone H3. The amounts of 

NETs were quantified using Image J software (NIH, Bethesda, MD). 

 

Extracellular DNA assay 

Prior to incubation, SYTOX green Nucleic Acid Stain (#S7020, Thermo Fisher Scientific) was 

added. The PMNs were cultured with PMA or the CM derived from cancer cells for 3 hours 

or 6 hours’ incubation, respectively. The cells were quantified using SpectraMax i3 (Molecular 

Devices) to measure fluorescent intensity. 

 

Electron microscopy 

Neutrophils grown on poly-l-lysine-coated coverslips in the lower chamber of transwell 

chambers were treated with 20 nM PMA for 3 hours. Then, PANC-1 cells were added onto 

NETs and cultured for 30 min. The coverslips were fixed overnight by immersion in 2% PFA 

and 2% glutaraldehyde in PBS. The coverslips were washed 3 times in 0.1 M phosphate 

buffer, post-fixed in 2% osmium tetroxide for 1.5 hours, and dehydrated in a series of graded 

ethanol solutions. The coverslips were then freeze-dried using t-butyl-alcohol and mounted 

on aluminum stubs with carbon tabs (Electron Microscopy Sciences, Hatfield, PA). Samples 

were coated with gold using an Emitech K550X Sputter Coater and imaged with a Hitachi 



S4800 SEM. 

 

Adhesion assay 

For the adhesion studies, neutrophils (5×105 cells) were plated in a 24-well plate and allowed 

to adhere for 1 hour at 37 °C in a 5% CO2 atmosphere. Then, neutrophils were cultured with 

20 nM PMA for 3 hours with or without DNase. PANC-1 (5×105 cells) cells, which were stained 

with Cell Tracker Green CMFDA Dye (#C2925, Invitrogen, Waltham, MS, USA), were added 

to the wells and cultured for 30 min at 37 °C in a 5% CO2 atmosphere, followed by 2 times 

PBS washes. The attached cells were quantified using a light microscope at a magnification 

of × 200 and SpectraMax i3 (Molecular Devices) to measure fluorescent intensity. 

 

Cell Proliferation Assay 

Cell proliferation was assessed using the XTT cell proliferation kit II (#11465015001, Roche, 

Mannheim, Germany) according to the manufacturer’s protocol. Cells (1×103 cells) were 

seeded on 96-well plates. Culture medium with or without Cl-amidine, apocynin, sivelestat 

sodium salt, recombinant thrombomodulin, or DNase was added to each well. The cells were 

quantified using SpectraMax i3 (Molecular devices) to measure absorption spectroscopy. 

 

Immunostaining 

Paraffin-embedded tissue samples were deparaffinized and rehydrated. Protein block serum-

free ready to use (#X0909, Dako, Glostrup, Denmark) was used as blocking buffer. To detect 

NETs in samples, anti-MPO antibody and citrullinated histone H3 antibody were used, as 

described. Alexa Fluor-conjugated antibody was used following the manufacturer’s protocols 

to visualize staining, and samples were counterstained with SYTOX orange Nucleic Acid 



Stain (#S11368, Thermo Fisher Scientific). After IF staining, the samples were observed 

using a Zeiss LSM780 (Zeiss, Oberkochen, Germany). 

 

Western blot 

Protein was extracted from whole cells after 48 hours with the conditioned media or 

rhHMGB1 with or without rhTM-supplemented human thrombin. The concentrations of 

extracted protein were measured using standard protocols. Cells were lysed using cell lysis 

buffer (50 mmol/L Tris-HCl (pH 7.4), 30 mmol/L NaCl, and 1% TritonX-100) containing 

cOmplete Mini (#11836153001, Roche) to use as a protease inhibitor and sonicated. Equal 

amounts of protein (30 µg/lane) were loaded on sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis and transferred onto Amersham hybond P 0.45 PVDF (#10600023, GE 

Healthcare) according to the manufacturer’s protocol. The membranes were incubated in 

Blocking One (#03953-95, Nacalai, Kyoto, Japan) for 30 minutes at room temperature and 

incubated with primary antibodies overnight at 4 °C. The membranes were then washed three 

times for 5 minutes in Tris-buffered saline Tween 20 (TBST, 10 mM Tris-HCL (pH 7.5), 500 

mM NaCl, 0.1% Tween 20), followed by incubation with secondary antibodies for 1 hour at 

room temperature, and washed three times in TBST. ECL prime Western Blotting Detection 

Reagent (#RPN2232, GE Healthcare) was used to detect the peroxidase activity of 

secondary antibodies. Membranes were probed for β-actin as a loading control. 

 

Real-Time Quantitative PCR 

PANC-1 cells (5×104 cells) were seeded in 6-well plates 24 hours before treatment with the 

CM or rhHMGB1 with or without rhTM-supplemented human thrombin for 6 hours. Total RNA 

was isolated from these cells using Qiazol lysis Reagent (#108952, Qiagen, Hilden, 



Germany) and miRNeasy mini kit (#217004, Qiagen) according to the manufacturer’s 

instructions. Complementary DNA was synthesized from 400 ng RNA using High-Capacity 

cDNA Reverse Transcription Kit with RNase inhibitor (#4374966, Applied Biosystems, 

Waltham, MA, USA) according to the manufacturer’s instructions. Real-time quantitative PCR 

analysis was performed using Step One Software v2.1 (Applied Biosystems) with Taqman 

Fast Universal PCR master mix (#4366072, Applied Biosystems). The following primers from 

Applied Biosystems were used: GAPDH (#Hs99999905_m1, Applied Biosystems), Snail1 

(#Hs00195591_m1, Applied Biosystems), Snail2 (#Hs00950344_m1, Applied Biosystems), 

and Zeb (#Hs00232783_m1, Applied Biosystems). Quantification of gene expression was 

normalized to endogenous GAPDH expression. 

 

ELISA Assay 

To evaluate HMGB1 levels in NET_CM, culture supernatants were assayed using an HMGB1 

enzyme-linked immunosorbent assay (ELISA) kit (#ARG81185, Arigo Biolaboratories, 

Ontario, Canada), according to the manufacturer’s instructions. 

 

In vivo liver metastasis in the PMA-induced NET model 

Athymic female BALB/c nu/nu nude mice aged 5 weeks were purchased from CLEA Japan. 

The animal care and experimental procedures were conducted in accordance with the 

regulations of the Animal Care and Use Committee of the institution. To determine the effect 

of PMA-induced NET on liver metastasis, PMA (50 ng/g of mouse body weight) was injected 

one day before cancer cell injection. PANC-1 cells (2×106 cells) in 100 μl of PBS were injected 

into the spleen, followed by splenectomy after 10 min of circulation. After 8 weeks, the mice 

were sacrificed, and their livers were removed. To treat this model, mice were treated every 



day from one day before cancer cell injection using DNase (100 U/mouse). Tumor size was 

measured by caliper, and tumor volume was calculated as (length×width2)/2. 

 

In vivo liver metastasis in the ischemia-reperfusion model 

A nonlethal model of segmental (70%) hepatic warm ischemia was induced as described 

previously[1]. In brief, under ketamine (10 mg/kg) and xylazine (2.5 mg/kg), a midline 

laparotomy was performed. After the portal triad was exposed, it was occluded using 7-0 

prolene ligation for 30 minutes. The next day, PANC-1 cells (2×106 cells) were injected into 

the spleen using a 27-gauge needle. Cancer cells were allowed to circulate for 10 minutes, 

followed by splenectomy. To treat this model, DNase or rhTM was administered 

intraperitoneally for 7 days from one day before the induction of ischemia-reperfusion injury. 

The animal care and experimental procedures were conducted in accordance with the 

regulations of the Animal Care and Use Committee of the institution. 

 

Extravasation Assay 

PANC-1 cells (5×106 cells) were stained with Cell Tracker Red CMTPX Dye (#C34552, 

Invitrogen, Carlsbad, CA, USA) and injected into the spleen, accompanied by PMA (with 50 

ng/g of mouse body weight) injection one day before cancer cell injection. One, three, and 

ten days after cancer cell injection, the mice were sacrificed, and their livers were removed. 

The harvested livers were frozen using Optimal Cutting Temperature compound (#45833, 

Sakura Finetek Japan, Tokyo, Japan) and cryosectioned. Liver tissue sections were fixed 

with 3.5% PFA. Protein block serum-free ready to use (#X0909, Dako) was used as the 

blocking buffer. To detect endothelial cells, CD31 antibody with Alexa Fluor-conjugated 

antibody was used. Nuclei were counterstained using DAPI (#D1306, Thermo Fisher 



Scientific). After immunofluorescence staining, the samples were observed using a Zeiss 

LSM780 (Zeiss). The animal care and experimental procedures were conducted in 

accordance with the regulations of the Animal Care and Use Committee of the institution. 
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