IYFMFY Y- BIRIENIZE 21 1 66~69, 2018

B 596 12 3B 1T B neutrophil extracellular traps
pEAE & IS N B2 RS 0D 9 735

W 2D, VR OEEY, BT Y, B2 EssY, IR —Y
DAL R R b o S Fe R e 2 W 25 i LT e o F- R0 45 0, 2] s RE ARl o i E [ e 25 W 22 45
VE TR S N E S RS gE e v 7 — DB BT Te s, VBB b K B T AR B AR Ay R

Periodontal bacteria-induced neutrophil extracellular traps enhances proinflammatory
responses in human endothelial cells
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Abstract
In the inflammatory disease chronic periodontitis, the periodontium is exposed to a high density and diversity of periodontal
bacteria. Neutrophils are the first line of defense in the periodontium. Circulating neutrophils adhere to endothelial cells by
adhesion molecules, such as 2-integrin, following their migration across endothelial cells into the inflamed periodontium.
Endothelial cell-derived developmental endothelial locus-1 (Del-1) acts as a negative regulator of neutrophil extravasation that
inhibits f2-integrin-dependent adhesion to vascular endothelial cells. Neutrophil extracellular traps (NETs) are extracellular
web-like DNA structures that contain bactericidal substances such as histones, human neutrophil elastase, and cathelicidin
antimicrobial peptides. NETs are produced by many bacterial species, but it remains unknown whether the development of
periodontal disease is due to periodontal bacteria-induced NET production. Fusobacterium nucleatum is a Gram-negative
anaerobic bacterium associated with periodontal disease. We examined the effects of F. nucleatum-induced NET stimulation on
the induction of Del-1 in human endothelial cells. A transendothelial migration assay was performed to evaluate the number of
transmigrated neutrophils. Stimulation of human umbilical vein endothelial cells (HUVECs) with F. nucleatum-infected NET
fragments enhanced the transendothelial migration of neutrophils. Furthermore, the Del-1 production induced by HUVECs was
attenuated in NET fragments—primed cells. Thus, F. nucleatum-induced NETs may enhance neutrophil extravasation in a
manner dependent on the attenuation of Del-1 production in endothelial cells. This study suggests that NET's are associated
with the pathogenesis of periodontal disease.
Endotoxin and Innate Immunity 21 : 66~69, 2018

Key words : %55, Neutrophil extracellular traps, Fusobacterium nucleatum, Developmental endothelial locus-1,

145 A B A

EUBHIC

B JER I 30 UL E DA DR 8 BIAVRE BT 2t
BEANTE 1 & 2 R YIETH b0 BHNREERE OB R
oy MCUE, BRI BRSNS A A T 4 L AR TERK
T2 2 Lo TR ER % 3 & 3 5 S L e A3 4

FL, BUKENTIERI SND 2 & TR
W, REICHORERICEL, BREIEICBIT S
I b Bk D 7 72 7 JE G i B T & % neutrophil extrac-
ellular traps (NETs) M2 JE M B O IR RETE I 2
DL EPRBEINTWVSL, FUYIIVTTFT—7HRP
RIEKA T NETs DREAEDNFER I N TV, HilE

ZH 2 WILKFERFZEEAEFERHNE S T2 T 980-8575 B Al i 1 ZE X A 2T 4-1
TEL : 022-717-8306 FAX :022-717-8309 E-mail : htada@tohoku.ac.jp



5951281 % neutrophil extracellular traps #EZE & I 55 PR HITHL 0 S e 7535 67

R EEEE 1S 88 E A 0D s B R
OEEEEE E3) b E@Eﬁ‘lﬂ'
o, 0 0% 0 o <" i%:’e:f::L
7R
NETSEE
A MIF BFFRERIERE DIEE

°_| LFA-1

Del1/
©og ©® o o @

ImEPIEBE ....--

MR M‘-

| 1cam-1 @ @

2
G
N Del-17E44ms)

ICAM-1 QQﬁi@L.
=38 b4

1 BHEEROEFHEZTIE NETs (LU DENEHRICRERICHZFEE NS

JEDORBEE B VT NETs 3 EGB il < o2t
JAREWEIELINIZOVTIERTICHLNIENT
W, EERDPEEICR D LRI SRR
FRIGEESA T, A SHINT 5 2 & THERT v
I N O Bk & 97 B AL TR R0 SETE A 74 T— & — SHER
R Lo, - PEBRBEE R & v o 22l DR BRI B %
BT Z LI LBHFE LN TV S, A TIE R
e SHL A T 00 J& e\ X B i Ek oD NETs pEE & M4 PN
HIEADEBIZOWT, bILbNOHIR % i S
L7zvy

1. NETs IC& B RERICDFE
REBLALRR O F R0 TIE, I FRER AT 5K B 45 -

7% % —  (pathogen-associated molecular patterns :
PAMPs) % Toll-like receptor % & Cilik3 5 Z & 12
X0, HR7F F, EMEEERE (reactive oxygen
species : ROS) RKIEMEY A b H A4 ¥ DA FHE S
Nb, LITHYP, IFPEkE PMA THIBT 2 L A7 o—
VART AR M=V AL B LMEOMBENTEE I
BHFZE Y Z %12, BFERIE NETosis & V9 Hi#o
HNESEIZHES & & TNETs 2§56 2 &S 60012
N7z, NETs 1d27 0~ F v 8D 65 5 R &y
THERL S, 3 L7200 s 2 NETs IG5 %
LAY, HHERTI A —€, ITuXRVEFF T T —
¥, PLHRTF FREGEWET A M A4 SIS X )
L BGHEETH %o

2. NETs (& 3 IMEDHEREE

NETSs (2 & 2 i B O I HIE O EHSEIZ BV T
WL EE 249 —J5, NETs O 7% 0 L 3 dr
R AN SE &2 35 L, BIIRMALTERE, BT v <7
REGWT) T b =T AR EORIEMERE B R

&, PERBICB B EREY BESE5 2 DS
WCERTWE, ZOHFKEE LT, NETsiZ&INnb
SRk REED TSR EZ SR § 2 L 2URR
ENTWwb, NETs 269 5 dsDNA, I T u~)Lt
F V¥ —E¥R MMP-9 (&, MEMNEMEEEES 213
AV A b IS X B A PR I o B S LA (2
BF % DIC DIFERIKICHb 5% T2, SIERKRIC
#£R L7 NETs 225 & A b ¥ St lc i 5 2 &
THBHas I CHEELFIERITIEI/MINTY
27, WG O s PR 88 L 225 R IE NETs %
FEETHIEDRBENTVSE I END, HERET v
NS ER S N7z NETs 2847V 4 B o il % Bt
G4 RSB S B,

3. AREMERREICELS NETs EE LM
BN M0 REHE

bivbiug, BUEEZORERRIZEL 2hb b
S A 2 IR L, & MFThERA S o NETs
HEREIZ O W TR L7z & 2 A, Fusobacterium nu-
cleatum W23 L TH P ERIZE W NETs EAFEE R L
720 F. nucleatum (32 F R EZE ORI R v b
O EHEECTHRIDENS 7T AR REBER AR E T,
 FCIEAELS X BB ICEAET %0 F nucleatum X
T EAI 2 & T O M AR & SR LB SR RE 2 RO 2
EWS, NA KT ANV ABBAZB W THUL 5 E %
TE 5 o 72, F nucleatum 12 X A 4FHERD 5 D ROS

T2 R R OREN 2 EMIE TH 5 Porphyr-
omonas gingivalis £ ) HE N EARENTE DY,
ROS IZHIFBEIIC 3515 5 NETs B O 7 1 & R zﬁ@
BT THAHI NS, F nucleatum (FUFHERD 5 D
NETs A< B85 e RgEIhbd, £2T
F. nucleatum W2 X Y v MFhER»SEAE IR



68 I F ¥y HARGIENSE 21

NETs 2SI YR M S SE0E OIS & 55383 % 1] REPE LS
DWW, BFHERIC X 2 IMENEZMBMERELE (trans-
endothelial migration) #J§#E & LTS L7z0 F. nu-
cleatum FIFAZ X O ifF k2 & L 72 NETs %
DNase [ LHC4r@E L, Transwell 7 4 V& — FICHLE
B L7z b ER IR0 N EZMe (HUVEC) % [
NET Wi CHlF %, HUVEC ORI R 2 8l L 724
PEREENE L7ze ZOKH, HUVEC % NET 471l
TP 5 &L U 720 P BREASE TS UHE L 72,

WA, NETs I & 2 M55 N B MTL & 43 % I ek
EDTLELERIZ Db 5 5 THRFICOWT, MENE
#1238 Bl 9 5% developmental endothelial locus-1
(Del-1) (2 H L7z Del-1 1 PR AR A & 15 B Y
AW ENDGTTHY, LFA-1 4§ L 4FhER & i
BEWNEMB RS Z PR EST 5 2 & THREROIMmE
Yl % WEiT 5" Eskan 512X 5 &, HETY A0
BRI T I N BRI E 2 & Del-1 2SpEA S5 72
3 B LR O PP ERE R X S T B A8, B
<7 ADOWEARE T IL-17A FEAENTLH#ET H 2 & T
I N BT > © 0 Del-1 A 25E0H] S A, B LA
O EREREDICHE LB RIEICE S Z EAVRIE S
hTwa", 22T, HUVEC %05 ® Del-1 A IZ BT
% NETs OB W THEN L 7R 4, HUVEC %
NETs CHI{E$ % & Del-1 AT 5 2 L AR S
720 NETs 12X % HUVEC @ Del-1 RGN 5 A
DB FIZDOWT, NETs IZRET 2 &MY A b A4
¥ e MHFERZIENT L7 R, F nucleatum &G\ X D
A S 7z NETs 1213 macrophage migration inhibito-
ry factor (MIF) 2SEWICKE L, HHEk%E F nuclea
tum B LPS CTHIE$ % & MIF mRNA FH AT
HZENHLNE R 572 MIF IX, TNF-a, IFN-7 %
IL-18 % EDRFEVES A b A4 VEEZHELY, 77
O — A MEEIREEALRE, BIET ) v~ F R SEE R &
Vo 7B SE R B HE S22, 22T, NETs
12 & % transendothelial migration ¢ JT# 1 12 MIF
Wb LU IO WT, HUVECZ MIF 7 v % I
= A F ISO-1 THLEL L 72 NETs THIP L 7= 45 3,
transendothelial migration @ JLHEAYZFHHIZHIH] S L7z,
¥ 72, HUVEC 25 ® Del-1 #EA b ISO-1 AP NETs
TIEHH S 7z, fiis, NETs (21 HUVEC @ ICAM-
1 B EZZEWICESELEHARH A LWL N L
Bolze DLEORERD S, SRR BEEME I X 0 i
B B pEA S Fz NETs (35 N 2R 2 15t L,
Del-1 EEAHH R ICAM-1 BHIUEZFET L2 LT
I rRER OB HEAS % A S8, MBI 5 20 Kt
DT 5 2 PRI ENT, 5%, NETs 2L 510
NI DR EEIZOWWT, NETs ISHAET 5 3
TaNXVEFF TS —E, HHRTI A -, A b
RAIZVFV =L EDRFICEH L THRET L%

N5,
BbhVIC

BRI (& 2 TS PR R B R AT LAE 70 & 4 B 35 J D9
RIS b b I ERERIN, TOXAAN=ALL
L C i 9 BE LI 02 & % W IE <0 B ) 920 & B SR
PRXA T4 =5 —DFGIREENTVEA, 141
RHIN TRV E S E v, BEEEZORE R v
MCIFIF R ERDS S BAZARAE L, ok 5 05 B A 7 oD Jeke e
WCHEBRBZEINTWEZ L5, NETs OE Y 2 it
WMETH D EDHELEEIND, NETs 12 & BIEPRE
ML O JAEHEIE, SR v MCEE L7 NETs 28
MATPEN & B ~JEER S 2 W Rtk 2s e S, BhRG %
FHiT5ZLOEENRISHFT LI LEDEZOND,

X #

1) Takei H, Araki A, Watanabe H, et al. : Rapid killing of
human neutrophils by the potent activator phorbol 12—
myristate 13-acetate (PMA) accompanied by changes
different from typical apoptosis or necrosis. ] Leukoc
Biol 59 : 229-240, 1996

2) Brinkmann V, Reichard U, Goosmann C, et al:
Neutrophil extracellular traps kill bacteria. Science
303 : 1532-1535, 2004

3) Gloude NJ, Khandelwal P, Luebbering N, et al :
Circulating dsDNA, endothelial injury, and complement
activation in thrombotic microangiopathy and GVHD.
Blood 130 : 1259-1266, 2017

4) Saffarzadeh M, Juenemann C, Queisser MA, et al. :
Neutrophil extracellular traps directly induce epithelial
and endothelial cell death : a predominant role of
histones. PLoS One 7 : €32366, 2012

5) Carmona-Rivera C, Zhao W, Yalavarthi S, et al :
Neutrophil extracellular traps induce endothelial dys-
function in systemic lupus erythematosus through the
activation of matrix metalloproteinase-2. Ann Rheum
Dis 74 : 1417-1424, 2015

6) Xu J, Zhang X, Pelayo R, et al. : Extracellular histones
are major mediators of death in sepsis. Nat Med 11 :
1318-1321, 2009

7) Chaput C, Zychlinsky A : Sepsis : the dark side of
histones. Nat Med 15 : 1245-1246, 2009

8) Abrams ST, Zhang N, Manson ], et al : Circulating
histones are mediators of trauma-associated lung
injury. Am J Respir Crit Care Med 187 : 160-169, 2013

9) Wright HJ, Chapple IL, Matthews ]B, et al. : Fusobacte-
rium nucleatum regulation of neutrophil transcription. J
Periodontal Res 46 : 1-12, 2011

10) Choi EY, Chavakis E, Czabanka MA, et al. : Del-1, an
endogenous leukocyte-endothelial adhesion inhibitor,



5951281 % neutrophil extracellular traps #EZE & I 55 PR HITHL 0 S e 7535 69

limits inflammatory cell recruitment. Science 322:1101- ry factor : a regulator of innate immunity. Nat Rev
1104, 2008 Immunol 3 : 791-800, 2003

11) Eskan MA, Jotwani R, Abe T, et al. : The leukocyte 13) Morand EF, Leech M, Bernhagen J: MIF : a new
integrin antagonist Del-1 inhibits IL-17-mediated cytokine link between rheumatoid arthritis and athero-
inflammatory bone loss. Nat Immunol 13 : 465-473, 2012 sclerosis. Nat Rev Drug Discov 5 : 399-410, 2006

12) Calandra T, Roger T : Macrophage migration inhibito-



