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[Abstract] Objective To explore the role and mechanism of extracellular histones involved in
lipopolysaccharide (LPS)-induced alveolar macrophage injury. Methods The mouse alveolar macrophage cell line
(MH-S) was cultured in vitro and passaged, and the cells were cultured to 80% of cells for cell proliferation. The cells
were stimulated with 1 mg/L. LPS for 3 hours and 50 mg/L. exogenous histones for 3, 6, 12, and 24 hours, respectively
(LPS+histones 3, 6, 12, 24 h groups), and other groups included phosphate buffered saline (PBS) control group
(PBS group), LPS alone stimulation group (LPS group), the exogenous histones alone stimulation group (histones group)
and heparin pretreatment histones group (heparin+LPS+histones group). The cells in each group were challenged with
different reagent, the expression of lactate dehydrogenase (LDH) and inflammatory factors in the supernatant were
detected by enzyme linked immunosorbent assay (ELISA), and the change of intracellular K” concentration was detected
by FluxOR™ II green potassium channel. The proteins such as potassium channel protein (TWIK2), inflammasome
(NLRP3), and apoptosis associated speck like protein containing a CARD (ASC) were determined by Western
Blot. Results Compared with the PBS group, the levels of LDH and inflammatory factors such as interleukin (IL-13 ,
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IL-18) and tumor necrosis factor-a (TNF-o) were significantly increased after LPS stimulation group. Compared with
the LPS group, the levels of LDH and inflammatory factors were significantly increased after the treatment with exogenous
histones, and reached a peak after 3 hours of the histones stimulation [LDH (U/L): 123.10 £+ 1.83 vs. 85.32 £ 1.66,
IL-1B (mg/L): 40.75+2.60 vs. 18.78 +1.37, IL-18 (mg/L): 49.94 +2.45 vs. 30.19+ 1.82, TNF-a (mg/L): 36.51 +1.56
vs. 20.84 £ 1.61, all P < 0.01]. Western Blot results showed that compared with the LPS group, NLRP3, ASC and
TWIK2 protein expression were significantly up-regulated in the LPS+histones group (NLRP3/GAPDH: 0.80+0.02
vs. 0.57£0.02, ASC/GAPDH: 0.57 £0.02 vs. 0.38 £0.01, TWIK2/GAPDH: 0.65£0.01 vs. 0.41£0.01, all P < 0.01),
and the expression of the above proteins were significantly down-regulated after heparin pretreatment (NLRP3/GAPDH:
0.28£0.02 vs. 0.80+0.02, ASC/GAPDH: 0.25%0.02 vs. 0.57+0.02, TWIK2/GAPDH: 0.35+0.01 vs. 0.65%0.01,
all P < 0.01), indicating that histones could activate NLRP3 through TWIK2 to participate in inflammatory reaction. In
addition, intracellular K™ concentration in LPS+histones group decreased significantly compared with the LPS group
(fluorescence intensity: 35.48 £2.53 vs. 83.92+3.11, P < 0.01). Compared with LPS+histones group, K concentration
increased significantly after pretreatment with heparin (fluorescence intensity: 72.10+1.78 vs. 3548 +2.53, P <
0.01), indicating that extracellular histones could cause K™ massive efflux through TWIK2, and thus mediate NLRP3
activation and participate in inflammatory injury of alveolar macrophages. Conclusion Extracellular histones can

cause inflammatory damage in alveolar macrophages, and its mechanism may be related to the activation of NLRP3 by
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extracellular histones activation of TWIK2 channel to promote K efflux.

[Key words] Sepsis; Extracellular histone; Lung injury;

Inflammatory

Fund program: Science and Technology Commission of Shanghai Municipality of China (19ZR1443000);

Shanghai Clinical Development Discipline Construction Project of China (2017-2)

DOI: 10.3760/cma.j.cn121430-20191113-00036

ZH AR 1 EAZ A W IR AR B G £ 55 v RS Y
HPRUE A PH S 2R 1, 7F DNA GG sl HoA
PEFIIY . Y200 052 2044 Ffed5 4 s R , 200 0 PN
2 TR R A A h 2 Rl A AN B . 3
SRR WG, di A B 2 A g i L A
RAE UL SARIE 1l /MR SR SR bE, T2 5 2 Fh
PR I & A 2T 2009 4F Xu 455 E vk & B4 i A1
2H 2R = —Fh B 05 40 5G4 7R (DAMP) 53
Fo KEWTE IR, FREEIE S iifh 7 4 2235 1l 2% v
g Op N s e = P S N A e O N e
TEMREEAE | I 477 58 0 1) 2 A R g i B 4 i o
A T A T R 0 2k /)

B B R A G R AE A B R W TR (IR YT R
O DR A X I Y I W R A T RIS L %o ] B
Eing vl o= RN eI D S £

RIE/IME (NLRP3) & 171 57 30 20E [ v 1Y 22
EAYMNE G, PO R YR AL GRS (5
AL R 2T 3R B S 22 R S E T g Al
PEBET . AT AN B T
WO NLRP3 i Ho % AL AT 2 5 200 RAE 545 40
e L BRI PESR (ROS). 4 (4 s it 445
1« R 20 L B T BRI A B Y Ca™ 4 388 T mT
S ENLRP3 JG 4k, (B A WF5E R B, A 9 K R
AN B AN AN FEAM N K & B K E IR E T
NLRP3 {f bR Efil e )0 Bk, A0F5E B 18
PRI A AN & A AENR 20 (LPS) 1753 A iyt 5 w5
41 M S E F51 00 B VR FH AL

1 #R5HE%®

1.1 20 B FE 5] ¢ /0 Bk IR 1 il 6 s 240 i
PR(MH-S)IW 15 A YRR BR A F . 0.25%
JIREE 1B . RPMI 1640 B . B R /HEEEWA
% E Hyclone 28 7] 5 JF R4 A L B AEA R
N 5 LPS  HEA/NA- B i 2 25 0 1 32 Sigma 2y
A 5 FluxOR™ I 8 6687 B8 38 18 A7) &l [ 58
ThermoFisher 2 ] ; #1 B F@ B & 1 (TWIK2) $¢
K [ 22 [ Santa 23 5] 5 NLRP3 Kl T AH B 5 kR
1 (ASC) HLik W A 2€ F Adipogen A A 5 3 - B iR
H B AU (GAPDH) HUA | BT B i /by
fii(HRP) —Ht K i il HRP — Bl [ 3 CST Al
BCA & [ &35 85 B 40 it 2 P b 23000 &0 A
T E R RAEYFAGRATF ; ZLER A (LDH)
A& [ & Abcam 25 7] ;5 B 5 528 W B 56
(ELISA) il a0 &0 [ i ik e A )

1.2 Jf E s  /NECRIR R MH-S 4 bk
R IR AL S B2 A TR SR LA, A 10 mL
10% & 45 M35 1Y RPMI 1640 52 435 550, & T 5%
CO,. 37 CIEFAFEH IR Frai a5 4B K B 3R L
1) 80% K, N A 58 A 55 TR 4 b Ak &, T )5
1.3 SEE ol Kb 3 - D 4 /N BOR R Y MH-S 21
MIBE 43 M 7 412 1 mg/L 19 LPS Jil 3% 41 B 3 h J5 DA
50 mg/L B/ MIEPELH R 11 40 SRR 3 . 6. 12,24 h
(LPS + ZH#E1H 3.6, 12,24 h ), I Wmadh 2 nhiik
(PBS) X} HBZH (PBS £ ), LPS FaydfiiszH (LPS 4H) &



+ 196 - A £ T 2R BE S 2020 4F 2 45 32 %55 2 ) Chin Crit Care Med, February 2020, Vol.32, No.2

ANEPEZ B A (A AL, WAL i
TH W LDH K R PEH F i sh 281k, e 1 & A
AR IR 3 he @ Ke/N RO IR Y MH-S 21
MEAR 4> R 5 41 : PBS 2, 1 mg/L LPS B0 #ill 4 3 h
41 (LPS 41). 50 mg/L #MEMH2H 8 FH Sl 3 h 41
(). 1 mg/L ) LPS FIFANHE 3 h 5 LA 50 mg/L
HNIEPE LR R 3 h 4 (LPS + A H4) TR
AP A (P + LPS + ZHAR 40 ;1 < 10° U/L
W SE AT AL BR 30 min J&7, 1 mg/L 4 LPS #1340
M 3 h, F DL 50 me/L A4 2H 8 I 3 h), WEE
HEHSS LPS 15 3l F w20 i 493 ) AR L
1.4 Kailleds ok

1.41 LDH &9 ; % MH-S 40 1 #% 45 L 1 x 10* 4>
AT 96 FLKG IR, AR 5 4t A 5328 25 1 AH 1
I, LI 50 uL LDH R RAW, AU E
1 h, FHEEARCI E P K 450 nm ARG (A) fH.
142 RYER TR B MH-S 405 AEL 1 < 10° 4
FERDT 6 FLEGFEAR T, AR 4l 40 2L 45 7 R L ) 35
Je W W, F ELISA 33500 &R I b3 b i 4m
M2 (TL-18 L TL-18), IR SR IE R F - « (TNF-a)
IR, 42 BRI & i A P TR

1.4.3  ZAE N K" BRI : % MH-S 40 J 3% 55 £L
1X 10 AN R0 T 96 FLKG FR M b, AR 40 40 e 43 2 45
A I, 4% R FluxOR™ 11 & €2 80 25 1300 308 6
TR U B A R AT R, AR L A 80 uL Y
1 X _FRESE O, B AT 37 CHEE 60 min, £BR
RELE v, LRI 80 L B2 M R R A T
B, M AR E S 6 H IR ZOEER (FITC) S a0
R B AES ORI PR Bl 488 nm, R
BEE N 520 nm. 5% 10s Ji, DL 1 s 5 AR
1] A F LA B HP o A 38 T R % 0P 20 L, R4
1.4.4 5 A Bl iR 56 (Western Blot) £
TWIK2., NLRP3 J ASC K3k : ¥4 35524519 MH-S 4
WL 5320 265 T AR N RIS SR BRI, BCA I 2
FIWREE , FH RIPA RUFIRCRE #5 8 IR AR [FIVR B
AR, T ZobE IR A - SR TR A TR 25 M R VK
(SDS-PAGE ), HiAEEI 2 5 (i — 38 £ (PVDF) JiEE | 5
5% BEAE A2 3 A 1 hs A TWIK2(1 < 100).
NLRP3(1:1000), ASC(1:1000)5; GAPDH(1:1000)
—H0 4 CHFF LB 5 MA HRP ARiC B L0 R %
BRE A G(IgG, 1:1000) 5% Bt F 1gG (1 : 1000)
THUEREE 1 h ARG, L Ae2E &t (ECL)
AT 5 FH Image J UG53 B 501 2047 7 17 53

B 7 4 B DK Al KB, LE I EE L S5 2
GAPDH WK EAE HERFRE ARk,

1.5 Geitssrth : i SEm sy E e 6 IICEI1A,
i F GraphPad Prism v7 K4 47 G822 A0 #E, 52
25 LIRS + P 2E (R +s) TR, PIFEAS 2 ]
FLAR T ¢ K56, 220 1A] FL R FH B 2 22950 H
P<0.05 hESAGIFE L

2 % R

2.1 I AMH S N LPS 5 S5 MH-S 40 i 46 45 5
LDH 7K~y 52 (1) « 55 PBS 414 Bk, 48 LPS il
WUE B gy T AN E AL R S BIE P LDH /K
SEIR B TEE (3 P<0.01). 5 LPS 41 L%, hin il 4h
VP 4 B P 0 5 B ) VTR LDH ZKF-3
B THE (2 P<0.01), 2441 85 At e 3 h i),
LDH Fiife 2 .

140 123.10+
1.83Ah

120

100

80 -

60

LDH (U/L)

40 -

20

0 PBS4l  LPS#l #&EA4L 3h 6h 12h 24h
LPS+41 2 (4 i R i 411
4851
1 : PBS HTETRELZE 0l , LPS WAS 20, LDH NI A N ;
5 PBS 414k, *P<0.01; 5 LPSYL 4%, PP<0.01
1 A4/ BORTE H i B 2l gk (MH-S)
¥ LDH K gk

2.2 ZHMIAMH R X LPS 1755 MH-S 4 i35 455 5
R TR 520 (£ 1) . 5 PBS 4IAH L, LPS
AN EIE R P TL-1B8 | IL-18 f TNF-a« 7KSF-44 1
IR (4 P<0.01), 5 LPS 4108, in AN g2
B RIS AT A 3 b R R KO B T
(3 P<0.01), i ZHEFMEH 3 h B PR 7T+
i o W, BRI AL 2R PR 3 h i B TR A R
JERIVE R, USSR A& AL 3 h 7305

2.3 ZUMIAMH R X LPS 1755 MH-S 4 i35 455 5
NLRP3 ]2 ASC FEikmyszm (K 2; #£2): 5 1S 41
AH LG, LPS 4L 2 F 3% 3 h 5 NLRP3 J ASC
MR R () P<0.01) ; i fFZ WAk 25
NLRP3 J¢ ASC £ I ZRiA 0 5 T (3 P<0.01), %
HHZH 25 A AT 45 NLRP3 35 A6 Wi & R A 461473 o



PR TG B EE S 2020 4F 2 H 45 32 4845 2 18] Chin Crit Care Med, February 2020, Vol.32, No.2

* 197 -

* 1 EHEANRRIFER A B Ltk MH-S

EERPREEFAELE (x+5)

. REAKL RYEH T (mg/L.)

- ) I-18 1L-18 TNF-a
PBS 41 6 668+087 13.02+1.66  9.69+1.27
LPS 41 6 18.78+137% 30.19+1.82% 20.84+1.61°
HEAH 6 15714139 21.79+1.62 1690+ 1.42
IPS+ 4B 3h4l 6 40.75+2.60°" 49.94+245% 3651 +1.56%
LPS+ 4B 604l 6  33.08+246% 43.04+1.94% 27.86+1.45%
LPS+ 41 1204l 6 33.80+2.14% 43.83+2.08%P 27.76+1.16%
LPS+ 4B 2404l 6 33.97+294% 43.99+2.09?" 27.93+1.16%

1. PBS R WERR LR 2 Wi, LPS MR ZHE, 1L-18 N4/
£ -1, IL-18 HH A K -18, TNF-a NIRRT -a 3 5
PBS #1 [v45, *P<0.01 ; 15 LPS 41 4, "P<0.01

LPS = + =

+
4EH - - + +
- = +

NLRP3 [ - — - - 112000
o —— 0

LPS MgZ 0%, NLRP3 S 4RE/IMA , ASC YA T A CHE S FER
GAPDH /7 3 - Wi H i e e it
2 BARGRERE: (Western Blot) A 4521/ R YR B9
B4 itk (MH-S) NLRP3 ., ASC EH 3k

+ +

HA 5
T

ASC

&2 HBHENRKIRAAEE MK MH-S f NLRP3,

ASC.TWIK2 EEFRIEM R AR K KFLEE (x +5)

a BEAH NLRP3/ ASC/

- (&) GAPDH GAPDH
PBS 41 6 0.23+0.01 0.18+0.01
LPS 41 6 0.57+0.02° 0.38+0.01°
HE M 6 0.30+0.02" 0.24+0.01"
LPS + 27 140 6 0.80+0.02%  0.57+0.02%
ITZ + LPS + HEBEHH 6 0.28+0.02¢ 0.25+0.02 1

15 FEAEL TWIK2/ M K

- (“4=) GAPDH (VR )
PBS 41 6 0.15+0.01 95.80+2.58
LPS 41 6 041+£001°  83.92+3.11°
HEHUA 6 0.23+0.02 91.56+1.12°
LPS + 414 141 6 0.65+0.01°"  3548+2.53%
BT + LPS + 417E 141 6 035+001%  72.10+1.78¢

H + PBS BRI, LPS MIRZE, NLRP3 Sy Aehie M,
ASC R T AR BE SRR TR 1, TWIK2 4185 TE B % 14, GAPDH
1 3 - BRI S ; 5 PBS 41, *P<0.01; 5 TPS 4l kb4,
bp<0.01,°P<0.05; 5 LPS + A HE AL 4, IP<0.01

2.4 YHEAMH R (6T LPS 55 MH-S 4 i3 443 5
AN K 7K M TWIK2 fRE [ FTik e (38 2
B 3) .5 LPS ZAHL, LPS N2 & 1% 3 h J5 40
Japy K 7KSEI R (P<0.01) 5 2425 T PR Tihb
HE, 40l KT /KB BT (P<0.01), A4
MEANH B ARSI K RSN, 12 AT
DU AMNAE FE S AT IN K AN .

LPS J2H 45 (3% 3 h Ji TWIK2 & 1 3288

LPS 41 & [ (P<<0.01) 5 45 7 BT & i db 35
TWIK2 #HFIAHE NEH(P<0.01), K4S
B TS TWIK2 338 2 e E K oML .
LPS - + - +

+
nEH - - + - +
i3 +

37000
- =

LPS AR ZHE, TWIK2 SHHf s FiliE a1,
GAPDH “# 3 - MR H- il it il
3 EHEAEEEDIAE (Western Blot) Rl %41/ RRIEIY
E itk (MH-S) TWIK2 & H3%

AH X 45
R

TWIK2

3 it i

2 AR P — 4 I E T ) B PR T AR
1884 4 Albrecht Kossel B Y% A& B, H 24y (0 JFi i1
ARG RR AT A 2 B R AG E R SR
200 PN 2L B BRI A0 AR s TRk AR 4 R
J& AN SAE R Hh & A FEEAE R, T LR 2045
03, B R G K e RS BRI
Xu 2555 S UM RE B0 % B, A P S v 4
H A P ECPER At 2 AL Bt P R o, R
AV i A% PO TR B s AR AP SEG H H3 A HA B2
FE AR5 PN B A B AR i R A DR TR ) 2 A
5y 7, M4 T 418 HPUIRBEN > LPS, TNF-« 1Y
R K B M 4L ZEFLR (CLP) TS0 e BRAE -

NLRP3 J& — B i 57 P A5 TR 1) 32 48, S A
N PR A5 B8 17 5 AT 4 NLRP3 #4005 , 55 ASC B Al
HMEAAR, TR A R R 51 1 e R B G 1
(caspase-1) ) I% Ak, AT A2 1 2 = DRI 7 R s P 3 250
ANHAET="", Allam %% 58 o 72 57 56 40 i 75
(A HORE A R R T AR TR e B, 2L B 75 S ORI
FCAK S T NLRP3 (975 4k, 1] NLRP3 2k 19 /)N IR
B AR, o] R S AR S S -1
FE A R R A R S AR 1 B A B A H B AT AE
NLRP3 (W3 s, 42 i RAE S 5. A B s,
LN K KN SR K &R R
S5 NLRP3 IG AL B Bl PR . =iy
H (ATP) F HAl DAMP 7] 5| % K* K& 4 i 5 &
HAM N K™ & i R BEAL, 75 & NLRP3 G 1L/5 /v
3 caspase-1 154N IL-1b BYRERL , TIPS RAE [
BB T TFVE S DAMP (4 404N R R AT
Sl K AN % S NLRP3 35 1k 1 1 48 i 461 45



* 198 -

AR fE G A UEE S 2020 4F 2 J145 32 545 2 ] Chin Crit Care Med, February 2020, Vol.32, No.2

DLARAE . BRI R s WL e, (R A A 1R
SR AP AE L, LR AT e S e A E A A L,
PR LA 9 14 T 25 T4k B2 X 41 2R kA T
T, S5 BoR, MRS A T R TS LPS 5%
MH-S 4 i 45145 )5 1) 9 PE P 77K SF, B NLRP3 #5A
B S T i 5 SE AR AR P K R R, AR
REVE ALY K™ Kat o M52 NLRP3 & fk i
AN R AE S 5 MR AR A & 1 51k K
AT R AE A o

TWIK2 (FH Kenk6 ifith) J& WFLEE A0 K™ 38 8
KW (K2P 6.1) FUR 5L, H™= A= 55 9 K™ HLE, T e
SE T B R A RSP AL AR B
W 21 i P A K A HEE T8 TWIK2 78 #800% NLRP3 48
PEARIFAEA T 9 RE Iy T 2 A B ahVE R, b2 5
PAMP -SRI JSRE T, N THRT KT 7 i
TWIK2 & 17 F RSN i NLRP3 i fk, 38471
R T AHOCHE YR IR 25 R R, 45 T2 8 ORI
J& TWIK2 B L R U S A AR T
VA, RN AN R (A 0] ik & TWIK?2 3838 KT AMi
fR4H NLRP3 16 fb 2 S0, i F 2= s i i

WE AR 2 HH , 4 /20 25 1 A T RE 3 4 i 25
PEAEFH AT B Ca® K N T S B A Bt 4> 7,
{20 A AN B 75 AT 30 KT R A I 2 A 20
J 463473 ek DL AR SR HRTE . PR TR AT I, 20 B A B
F Y B S i e R S 8K Stk
MR ? A5 SR, HE AR SN K
KM AN N K™ VR R A, 28l T
A KA N5 S NLRP3 RS 1 202
fioh 2 PR 2% 0, ELELAAR B4 3R 3 AT R B T
FATFE— D5 A IR, A0 L A2 2 1 PTG TWIK2
WIEE A KEHE KB A RIER N .. AR E
AH, AR R ) TWIK?2 5 £k 7] fE & NLRP3 & PE{A
WOE B RAR T, X N AT 4 AR T I
AWFFE IR, TWIK2 J2 F BE A 58 0E 520 A 5
ST R, %0 TWIK2 547 BE I AT A 25 B8 I A 5 Fse
0 ASBIRSE T LR A T I R AL B s A
A RIBEAR TWIK2 235, I BEUE T 4o 41 &
WO TWIK2 3 18 4 F K* AMi i 4k NLRP3 2 5 &
SERA B o

ol W N e I O N R e = I @ T
TWIK2 i 18 {2 #f K" A3 T35 f6 NLRP3 375 5 i
T WA LAY SRE B A , R i — 2D TR AR At L A
2 B A it 495 B AE DG AL B L TR A o S

WA RIRY T JAE 5 117 B 11— 28 DL fige
BRI FEA 4 S A (ER 2 e

S 30k

[ 1] Hoeksema M, Van Eijk M, Haagsman HP, et al. Histones as
mediators of host defense, inflammation and thrombosis [J]. Future
Microbiol, 2016, 11 (3): 441-453. DOIL: 10.2217/fmb.15.151.

[2] Silk E, Zhao H, Weng H, et al. The role of extracellular histone in
organ injury [J]. Cell Death Dis, 2017, 8 (5): €2812. DOI: 10.1038/
cddis.2017.52.

[3] Xu J, Zhang X, Pelayo R, et al. Extracellular histones are major

mediators of death in sepsis [J]. Nat Med, 2009, 15 (11): 1318-1321.

DOI: 10.1038/nm.2053.

Cheng Z, Abrams ST, Alhamdi Y, et al. Circulating histones are

major mediators of multiple organ dysfunction syndrome in acute

critical illnesses [J]. Crit Care Med, 2019, 47 (8): e677-e684. DOI:
10.1097/CCM.0000000000003839.

JEARTS 2R R, AR I 2 ER 1 TR0 e i AR 1 T

JE M E (0], PEEER A REY: |, 2019, 31 (6): 674-679. DOI:

10.3760/cma.}.issn.2095-4352.2019.06.003.

Lu NF, Jiang L, Zhu B, et al. Prediction value of plasma histone in

prognosis of sepsis patients [J]. Chin Crit Care Med, 2019, 31 (6):

674-679. DOI: 10.3760/cma.j.issn.2095-4352.2019.06.003.

[6] Liu H, He Y, Lu C, et al. Efficacy of pulmonary transplantation of
engineered macrophages secreting IL.—4 on acute lung injury in
C57BL/6] mice [J]. Cell Death Dis, 2019, 10 (9): 664. DOI: 10.1038/
s41419-019-1900-y.

[7] Wang S, Li Y, Fan J, et al. Interleukin—22 ameliorated renal injury

and fibrosis in diabetic nephropathy through inhibition of NLRP3

inflammasome activation [J]. Cell Death Dis, 2017, 8 (7): €2937.

DOI: 10.1038/cddis.2017.292.

Allam R, Darisipudi MN, Tschopp J, et al. Histones trigger sterile

inflammation by activating the NLRP3 inflammasome [J]. Eur J

Immunol, 2013, 43 (12): 3336-3342. DOI: 10.1002/eji.201243224.

[9] Franchi L, Kanneganti TD, Dubyak GR, et al. Differential
requirement of P2X7 receptor and intracellular K™ for caspase—1
activation induced by intracellular and exiracellular bacteria [J].
J Biol Chem, 2007, 282 (26): 18810-18818. DOI: 10.1074/jbc.
M610762200.

[10] Chen R, Kang R, Fan XG, et al. Release and activity of histone
in diseases [J]. Cell Death Dis, 2014, 5: ¢1370. DOI: 10.1038/
cddis.2014.337.

[11] Osada K, Minami T, Arioka T, et al. Thrombomodulin alfa
attenuates the procoagulant effect and cytotoxicity of extracellular
histones through the promotion of protein C activation [J]. Thromb
Res, 2017, 160: 51-57. DOI: 10.1016/j.thromres.2017.10.019.

[12] Gaidt MM, Hornung V. The NLRP3 inflammasome renders cell
death pro—inflammatory [J]. J Mol Biol, 2018, 430 (2): 133-141.
DOI: 10.1016/j.jmb.2017.11.013.

[13] BT, 20, XI55, 45 . SOk 1A DNA -5 20 M 45 T O

FLEAESAE R ()], T HEfE TR A BB . 2018, 30 (2): 97-
100. DOL: 10.3760/cma.j.issn.2095-4352.2018.02.001.
Zhao N, Li Y, Liu F, et al. Pyroptosis mediated by mitochondrial
DNA amplifies the inflammatory response of alveolar macrophage [J].
Chin Crit Care Med, 2018, 30 (2): 97-100. DOI: 10.3760/cma.j.issn.
2095-4352.2018.02.001.

[ 14 ] Longstaff C, Hogwood J, Gray E, et al. Neutralisation of the anti—
coagulant effects of heparin by histones in blood plasma and
purified systems [J]. Thromb Haemost, 2016, 115 (3): 591-599.
DOI: 10.1160/TH15-03-0214.

[15] Patel AJ, Maingret F, Magnone V, et al. TWIK-2, an inactivating
2P domain K" channel [J]. J Biol Chem, 2000, 275 (37): 28722~
28730. DOI: 10.1074/jbe.M003755200.

[16] Di A, Xiong S, Ye Z, et al. The TWIK2 potassium efflux channel
in macrophages mediates NLRP3 inflammasome-induced
inflammation [J]. Immunity, 2018, 49 (1): 56-65. e4. DOI: 10.1016/
j-immuni.2018.04.032.

[ 17 ] Manda—Handzlik A, Bystrzycka W, Wachowska M, et al. The
influence of agents differentiating HL—60 cells toward granulocyte—
like cells on their ability to release neutrophil extracellular
traps [J]. Immunol Cell Biol, 2018, 96 (4): 413-425. DOI: 10.1111/
imch.12015.

[ 18] Bobak N, Feliciangeli S, Chen CC, et al. Recombinant tandem of
pore—domains in a Weakly Inward rectifying K channel 2 (TWIK2)
forms active lysosomal channels [J]. Sci Rep, 2017, 7 (1): 649. DOI:
10.1038/s41598-017-00640-8.

[4

[

[5

[—

[8

[—

(ks H T : 2019-11-13)



