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Neutrophil extracellular traps in the development of peritoneal metastasis
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The number of CD66b (+) low density neutrophils (LDN) with mature phenotype
was markedly elevated in postoperative as compared with preoperative lavages in patients who
underwent laparotomy due to gastric cancer. Short term culture of the purified LDN produced many
threadlike structures positive for SYTOX, suggesting the NETs formation. Human gastric cancer cells,

MKN45, OCUM-1 and NUGC-4, were selectively attached on the NETs, which was abolished by DNAse 1.
Intraperitoneal co-transfer of the LDN with MKN45 in nude mice strongly augments the metastasis
formation on peritoneum, which was strongly suppressed by the following IP administration of DNAse
I. Many NETs-like structures were detected on the surface of human omental tissue resected by
gastrectomy. NETs on peritoneal surface can assist the clustering and growth of free tumor cells
disseminated in abdomen. Disruption of the NETs by DNAse might be useful to prevent the peritoneal
recurrence after abdominal surgery.
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1. BB SFIDE &=
BANE AR EZ OREFENICIX, B IR 7 & ORI CFE LTS &0 AMERN/FIEL, £
DREBEDFFERTH D, TFPERIIRIEET A NI A O/ - EEFEO TR Ll 2 7R
L. B OER « 3T, BRICHT 2 KB O it TEI <, ek, FPERITME7e &
ER%, EHERRECREMERFE AW T, BW - 0T 252 L T, DI RZP LT 5 &3
ZHNTEE, UL, 2004 FEITHHPERN —EDOSM: T TEND 7 b~ F o Z s fEikic
JH T 2B E 0% B & . neutrophil extracellular traps(NET) & 4 &#72 (Brinkmann et
al, Science, 2004), & 512, NET I3 PEROFERIN OB # EDE 1N S BICHFEL TV D
72, HHRERIZEM T, Hx o L& HARPAW CHRERD | X912, ZOIFHICHEET D LEOH
WAz, HETED5ZEMn6, NET VNI RE SHBRL TWD Z W BNER-T
&7z, Fio, NET |/, &b L, B licmEleEx42 L Tnd 2 & (Fuchs
et al, PNAS, 2010). 2% &® double strand DNA # H C.ORERICERIELLick ey
PE= V7~ h—7 X (SLE) 72 & © H CAUEHEBOFIEICEHE L T\ 5 Z & (Knight et al, J Clin
Invest. 2013) & 62, MHEZIEER T DEMR A fET 25 2 L1 L0 A TYEEERE O RS LIC EHE 7
HEERZLTND I L, 28R A EHE S (Cools-Lartigue et al, J Clin Invest, 2013) |
NET 23 GBHEI LIS Dk % 7o fe D3 A2 L BHAIZB G- LT\ D Z &3 k2 LB L, T4,
REOBLENO b REIRFEHEED TS,
SBHEOALE 2 55 T U721 OPAMERF O IERENERERE DS, i Ofk 4 B L IR BboTWn5b &%
ZTW5, i, EITHERBICBWT, EEEROMEEN P HmE S A ERMEEAEZRT Z &
(Kamei et al, Wor J Surg, 2009, Arita et al, Ann Surg Oncol, 2015) . ffif% (2 KEDAF A
KCEENZTEEHT 5 2 LI XV EFEFEPARICIE T T2 Z & (Kuramoto et al, Ann Surg,
2009), 72 E ORI ANME I WD, 2D OFEEND , JEFENICEFE L7 iy 23,
i S NOBEF T, FINBERICEENIC ZIENE BN AMIBOAET B ET 21EHEZFR>Z
LR END,

2. MEDHH

Witk ORENEPNICAFAET D 4 P ER IR RS I OFEER4F T ER & e ~fisd T & NET 2k L., &
Ml Z IR T2 2 &, S 5IIE, UIBREARIZ T, BIIEME ONEREE I I3 FEER IS % &ED NET £k
REEMDIEET D Z L MR TETWD, L, itk OEENICEET ek NETs &
AERRICEET 5T — X132 L, BEEREICMIETEEBIIOWTIIRHTH S, T2 T, X— K~
A2k NEEME MKN45 # 8RB G 3 55582 T MNEERNRBTFPEKEKD NET %
W 54252 &L CHEBIEFREORSLIZE H BT 202 2BifdT 5 & L bIC, TOMFEHS N
T2 EEAMET D,

3. MEDFE
(1) B FABE O IEENYEFK ORI, NDN & LDN @ 57
FANCFEEZ G- EREE N, HIEE ORI, BAIER:, PAIERHC AP AR 2 250m] CTHE
JZEN % P L CA T2 IR 2 200ml [BIUX U726 D ZWFFEIC V2, 2 OP 2, 100pm A v 3 =
T A4NE—IZHEL 50m] Fa—7I2B L, 2706 X Tmin CimOoBEL., FIEZ IR, wE L=
fHAm 4 EDTAO. 02% (nacalaitesque, Kyoto, Japan) A ¥ @ PBS (Dulbecco’ s Phosphate Buffered
Saline, Sigma—-Aldrich, St Louis, MO, USA)IZ7%if &+, Ficoll-Paque PLUS (GE, Healthcare,
Sweden) FIZHRANIL, 1710G X 15min T /LrfEtL, H & (PBMC J&) & & T (PN &) IZE £
DRz RN L, RS % 6206 X Tmin, fix FE% 2706 X Tmin CHEEE O L7z, MIRIZIRMLERD
BIEARD D51, RBC lysis buffer (BioLegend) % FWTIAMALEL+ % = & T, PBMC &,
PMN g & [BlN LU, Mifasz b oo b Lz, £72. PBMC @+ OMifa % MACS buffer ¥ (Miltenyi
Biotec, MACS) 60ul |Z7%iF &, Fc block T 4°C, 10min T, Anti-human CD66b Micro
beads (Miltenyi Biotec, MACS) % 1X107 fEfffa%i47-= v 20ul @M, 4°C, 10min THES 4,
MACS buffer ¥HE CUEEH . FHEE buffer ¥A#E 500 1 1 TAHRIZ LT, SBERRCA B/ S L — & —|ZH
D £HF72 LS column (Miltenyi Biotec, MACS) IZV{EA L7z, HT A% 3ml @ MACS buffer T3
[EIYEF L, CD66 () Mz BRE Lz, BT L&A L, BT LITHES L 7= CD66b (+) il
ZEY L7~ (positive selection)

(2) NETs OFEHRERIE & & DNase T JLEH

2.5X 106 fE D LDN Z 1ml RPMI1640 B2#t (ifiif 72 L) 12T poly-L-1lysine coated 6 well plate
(IWAKI) ET 37°C, 5%C0* FDA > 2 _X—X —NT 3 Kl L7-tk. MEIEFERIED LMD
DNA & B BAIZHES 9 5 SYTOX Green (Thermo Fisher Scientific, Waltham, MA, USA) 7% #&jE
BEBuM TR E L. 1 4015, 9B EEMSE (BZ-X710, KEYENCE, Japan) T NETs JER DA MEABIZR L
72o 1 HBFIZISIT 2 NETs &0 E I v b L, ZOHEMEE Inage ] (NIH) THBIL7Z, £
7=, 3 BEMEEE %I DNase I (F&JEEE 100U/ml, Worthington, Lakewood NJ) Z¥ANL . 543112,
SYTOX Green Z¥sAN L. [FIEkDHIETNETs & E& L7,

(3)NETs & BHaMiakk & @ adhesion assay
MKN45, NUGC-4, OCUM-1 % PKH26 Red Fluorescent Cell Linker Kit for General Cell



Membrane Labeling (Sigma—Aldrich, St Louis, MO, USA) & FHWT¥ef L7, MEFERNYEFILR
K LDN %, FEo HiET 2 FrEER% . 7 L— ~ % DMEM R 1 [E¥EH L. 1X106 {#/ml (T
DMEM E5 1 CFi%E U7 Mia 2z, 5 /o f3EhE# %, PBS T L— M & 3 [EIHE L, Fk - 7
M e Y BEAEE TR L v o b L, —H#BOEBRTIL, LDN IZ DNase I & (FL¥EEE 100U/ml)
WL 721, AL & o538 21T o 72, NETs O[EIEICIE SYTOX Green % FV 72, PKH26, SYTOX
Green Z NI 551nm, 488nm 7 4 V¥ — F CHIEE L. TN LN DIRE W4 % merge WL L 7=,

(4)NETs (ZH$ 1% O HFEAIAE D # A 5T 7 2§52

(3) DFEBRFZ L [FARIC LT, LDN & 2 B2 . SYTOX Green ¥AND b, NETs JBRL O A % w8
ST CHERRZ. PBS T 1 MIBEYFHE. MKN45 Z¥ShN L, 5 JrfElEEE&1% . PBS T 2 [mIPEifie. Hith
Z I A D 10% FBS+DMEM #5112 258 L C., Biostudio system (Nikon Engineering, Kanagawa,
Japan) Z T H A 5T 7A@ AAERRK L, H5% D MKN4S OEhEZ B2 LT,

(5) Nude mouse O fEIFIEFESEER

b kBRI OIS RSN eI A LDN A4 HE L. RPMI1640 £241 (fiy72 L) T 2X
107 f8/ml \CFR#& L=, F£7-. b b EEMIEE MKN45 Z [FEEIC 2X 105 f#/ml (S Lz, £7-.
DNase 1 100U/pl ZHE L7, X— RK~<v & (Balb/c, nu/nu, female, 4weeks, CLEA JAPAN) @
MEIEPIZ MKN4S  1X 105 {fl % Iml & U CH#E L72fE (MKN4S BB 58E) & MKN45 12X 105 {# &
LDN 1X107 8% Iml 1o UCHG U7-#E (MKNAS+LDN dL¥ 5-8E) (240, 4 EE% . SEHERLFIC
Lo, B L. IBREBEOMERERER R E 25 L7z, E/o, RO EBRR T, MKN45
+LDN 4 5 E1Z DNase I Z#&¥2FE 1000U/ml (272 % X 9 IZHAE L CHEREN# S L, MKN45+LDN
+DNase [ et 58F & LT 4 % OFMEECIRBLZBIZE Lc, ZOFERIT, BIRERKFOH)
WEBFE S 17040-1 OIKEEETITH- 7=,

4. WIEERE

(1) BAMEERER X OPANERE OB IE K O LDN OEIA

BRIE T 20 7= 39 BloBHEEFITHB W T, BIEER & FIRIEL & 2 72 PAE ERTZ ERE s
R AN L, Ficoll FrHEEE (3% T PBMC JBIZ & F 4% CD66b (+) CD45 (+) LDN D[4 % CD45 (+)
H BRI T AR TER LT, 39 FlORERE LS & BAIERECIiX LDN 0oFIA 1L Rl
1. 14% (/M 0. 06% ~H KA 8.96%) Toh-o7=dIZxt L, FAMERFICIZPRIE 62.6% (F/IMHE
18. 2%~ KME 86.7%) & ZFEHNTEIM L TW= (p<0.001), LA LEDFEFENG . BIIEHH% DOIEKE
PICIZZED LN SBH L TETWAH 2 & LT,

(2) LDNIZX % NETs JEjk & DNase 1 (2 240

PARE eV IE K % Ficoll eEEm.OETHBEL ., LDN 2%
< %&Te PBMC J@ & [E]UX L. poly-L-lysine coated plate k
T 3 WEEFEE% . SYTOX Green BRIEA VRN (G&JEEE 5uM)
L. S CBlET 5 &, MRt 2 H o RREED
DNA it S Cna@rndgEsnz (¥ 14, L»
L. DNaseI (100U/ml) &Nz 5 &, Z ORI SEITITIE
TR ENT (K 1B),

CD66b FiLik THEFL L 7-fi ¥ — X% VT PBMC @25
SBET A L 59 99%LL F CD66b (+) LDN %25 T ol i £ [H 23 45
DALz, Z @ LDN Z [AARDO G THE %%, SYTOX Green {7
£ T CHOLBEMEE TSR T 2 L. £ ORI E O Mpu sk
DNA %4y 25 24 X W BABRIC 22> 7= (K 10), — 7. WK A E
7 L% @i L7z CD6e6b (-) Ml FIERICE &2 L C b, SRk 180000
HIe{HEEINR -2 (X 1D), L7z~ T, sR/Ik DNA 160000
i%431% CD66b (+) LDN ICHSE L T\ 5 Z L b -o Tz, 140000

*7-. Image] AT L& AWT, SOLEEMEI T 1 2
DIZE® 5 SYTOX Green (+) @ DNA FR45 O S ORI HER
ffﬁ?%ﬁ—é L N i%%ﬁﬁﬁéfﬁ 30 57\75)[5?/%/\7 Lli%bﬂ L. 2 H%Eﬁ;ﬁ 80000
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(3) NETs & Himfmiaek (MKN45, NUGC-4, OCUM) & @ adhesion assay
PANEREVEFIE K 3l > LDN 12, PKH26 TR < Heedetn U 7= B iaik MKN45 2%, 5 70tk

WP L, 7L — b B - T & as BRI EE CRIZT 5 & 2R oMl S L

(B4 24), L2 L. LDNIZ DNase I (#&J=JE 100U/ml) ZMNZ T 10 5B UE L. Z D% MKN45
ZNZ TR AT 5 & BAFT D AT L 7= (X 2B) —fREF » o5 MmEIL.
DNase [ 12X » CTHEIZIEF LCTUW= (DNase ZLEEZ2 L : 810124 vs Y : 9821, p<0.001,
2c), WIZ., $EFEHDOIRKEIZ SYTOX Green Z RN LHOCEAMEBE CRIZR T 5 &, 1L A LT
TORMIIL NETs 1285 L CND Z AR50 7= (X 2D), NUGC-4, 0CUM-1 T b [RIEE DS HE
NBES N, ZnbDZ Lnh, BAMERIEAK LDN X NETs 2B L. ZhRAVICEAIIN 2 B85 &
w255, DNase I 512 L VW NETs 2%
DRI IND & A OHEE B35 <
mlEsnsZ Enbnolz,

(K2)
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(4)  NETs |[ZHfi#e1% D MKN45 DHYGE (& A LT 7 AB1E2)

WRIZ, NETs |ZHHIE S 7292 D MKN4S OENEZR & A LT 7 AEE CTHER LTz, K 3AIZX A LT
TRy T v TEEZOREEZ T, FAORIROEEY (FEGRE) 53 SYTOX Green THef
EN7-NETs Th V| AN ZEEHE ST -, F 0%, BIREIN T NETs 130 S v, 24
MHBIITIFIER RO EN TV, TSR L, A E RIS L T AR Eis s hiz
(K 3B), (FAfaA4—/Ls3—: 50um)

24h12ming

(5) X— R~ 7 A EEFEFEE T /LI BT 5 LDN OFEFERE 50 & DNase I OFEFEHNH] %) 5

bt kMR MKNAS 2 X — R~ ZADEIENICE G- L, & OB KEE 2 M L7-, MKN45
Ze 1X 105l CHIMIE G U7-BECITFBERIZIE L A LR o 7228 (K 4A), 1X107 e &
6PN LDN % $hf¢ 5. U728E (K] 4B) CTlI X COMEIR T & NSRS EI AR O v, £ 0BITH
Bl LTz, (4 4C, LDN-: 0 (0-1) vs LDN+: 46(14-54), p<<0.01), L2>L. MKN45+LDN
B GHEIZK L, DNase I Z[AIRF G35 &, OB DBKRE W L7 (X 4D-F, DNase—: 74
(15-85) vs DNase+: 0(0-4), p<0.01),



(6) FHIMHIUEA OKHE) i D NETs BRHEIE O &

Wz, BE# O MERE EIZ NETs WIFET 2002 52T 2 BT, BRI o7 i
RKOKMEDO—ERIZ, SYTOX Green Z IR L, IR BMBE CHIZE LTz, K BBIIRT L I IZ,
KiaFm (X 5A) (2, In vitro TH G2 XK 9 72 SYTOX Green (+) O Kiki&E (X 5B, HAKED)

PEHSE LTV D OnBlES N,

(X 5)
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