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Lipopolysaccharide combinied with adenosine triphosphate induces inflammasome activation
in human pulmonary artery endothelial cells by reactive oxygen species
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(Department of Respiration, the First Affiliated Hospital of NJMU, Nanjing 210029, China)

[Abstract] Objective:To investigate whether lipopolysaccharide (LPS) combined with adenosine triphosphate(ATP) activates Nod-like
receptor pyrin domain-containing protein 3 (NLRP3) inflammasome in human pulmonary artery endothelial cells (HPAECs), and the
underlying mechanism. Methods;: HAPECs were stimulated by LPS with or without ATP to establish inflammation damage model.
Cell vitality was assessed by cell counting kit-8. The levels of IL-18 and IL-18 in supernatant were analyzed by ELISA. The
expressions of caspase-1, p-p38 and p-p65 were determined by Western blot. Reactive oxygen species (ROS) was detected by DCFH-
DA fluorescent probe. Cell apoptosis was evaluated by annexin V and PI staining assay. Results: LPS alone had no effects on
HPAECs. By combined with ATP, LPS significantly inhibited cell viability. The levels of IL-18 and IL-18 in supernatant, the
expressions of caspase-1, p-p38 and p-p65 in cytoplasm, the concentrations of intracellular and extracellular ROS as well as cell
apoptosis were up-regulated in HPAECs activated by LPS combined with ATP. These effects were inhibited by ROS scavenger N-
acetylcysteine. Conclusion: High level ROS plays an important role in LPS combined with ATP-induced NLRP3 inflammasome
activation as well as apoptosis of HPAECs.
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VE R 22 B TR A M B ) 222 i, T 1
AENBER MAE, WFFEAR I, LPS kG ATP i3 H
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J7 A HPAECs Ko N K 240 Jifd 3% 3% ) B 56
Sciencell 23 ), LPS ATP ., Z Wt bt & iR (N-acetyl-
cysteine, NAC) . 2’7" - @A AW NE LBk
(2,7’ -dichlorofluorescin diacetate , DCFH-DA ) 3] i4]

H 22 & Sigma 22w, AT HEGRF] (cell counting kit-
8,CCK-8) WA Lk Ao W+ KA FRAF , cas-
pase-1 YLK H 32 [# Santa Cruz 23 ], p-p38..p-p65
HUAR Y H 2€ [F Cell Signaling Technology 23 #] |
GAPDH Hif&I [ 26 [F Bio-world HE 432 7] IL-18
ELISA & i 2 77 & W A & E R&D 2w ,IL-18
ELISA Rl £ B LI RFIPEA R, IR A
V- REIRPEEZE (Annexin V-FITC) K lfk Py
(propidium iodide, PT)I4 FI 3£[E BD /A ],
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HPAECs % 1% T 1% N K 4 A= 4 1+
Ko 5Pl b ITE B N B2 A ML 3s FR 0, BT 37°C 5%
CO, AR BB oA i a9 . AL 1x10° 4~/mL
Wy BEEFD T 6 FLBREL 96 FLARH, R0 Mk AR T
FUIRE] 70%~80% J5 i#E47 LA T Ab B . OXT R . A
LPS i ATP AbBH; QLPS+ATP 4 .LPS 1 wg/mL
5.5 h J5,ATP 5 mmol/L fE/H 0.5 h; GLPS 4.
LPS 1 wg/mL HHAER] 6 h; @ATP 41:ATP 5 mmol/L
PAVER] 0.5 h; ©®NAC+LPS+ATP 41 :NAC 10 mmol/L
FWER] 05 h J5,LPS 1 weg/mL /EFH 55 h,ATP 5 mmol/L
YEFH 0.5 h; @NAC 2H .NAC 10 mmol/L B 1
0.5 h,

122 CCK-8 Zmffi& A #oim)

96 FLAR H A4 40 B e AH B AL B, 37 13, B AL
AT 10 pL CCK-8 IS FG 7R3 100 pL, &
T E 4~6 h, HEFHR UL 450 nm 31 KAk
HIYGEEE (optical density, OD){E , ARHEXTHRZH OD 18
THA L AMMEIE 1,

1.2.3  Western blot #&-|

MM AN AL PR S , ZBEIR 5 2% /P (phos-
phate buffer solution, PBS) ¥ 2 i , FH B H 1k 5 Ui
RN, FH S v B R B 1, T8 SR TR U I e
JKE,70/120 V 1E JE HL ik , 300 mA TH R 2 B
BB SN WA - G2 W IR 3T 1 h,
JIMA caspase-1.p-p38.p-p65 % GAPDH $ifk 4°CHFH
I PRI DER S , Eh R PRI E 1 h,
27 OG5 LR, Bio-Rad 370 M 85 H1
St IR AL
1.2.4 ELISA #n

YU AR AN HESS IS AERE 27 F3EW, 1 500 t/min
B0 RS ELISA YEE TL-18 B IL-18 ¥R 45
VELBRFE I iR T . R AR GEE 450 nm PR
AR OD A, ARIEFRUE S BV EE & OD {H 2 il brifE
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A% DCFH-DA 1975 3555 37°CHEEIEE 30 min,
PBS ¥ 2 i , 4% 2 5 H I [ 2 30 min, PBS ¥ 2 3,
WO AR W BE 18 R, B o T oG B sk
&4 FiE , INA DCFH-DA 37°CHOEGHEE 30 min, 9%
FEBFR I SR
1.2.6 A = Hm|

YA N A PES 35 3, PBS ¥ 2 i, AN
L DU TR B R TH AL FE IR 2, 1 500 r/min &5
O, 3 i, PBS HE A, PR ES G, 5 B3, An-
nexin V ¢ i EA M, IMTA 5 pL Annexin V-
FITC, IR M 5 wL PI, 2 RO E 10 min,
oM I A5 LH AN R 7%

13 %it$H %

GERVI I H bR EZE (Xzs) #w, A
SPSS20.0 GEi 4K (AT 43 B b 3L, 9 24 7] 25 S5 43 B
SRR ¢ K5, 224l R 25 ik s Ry 2=
SNTEE G R N E LT, P < 0.05 FRESFA
gt L,

2 & R

2.1 LPSBEA-F RERA- ATP 5 HPAECs & /1 49 %%

ANFHEE LPS(1.,5,10 pg/mL) FEAHAE 6 h %t
HPAECs {f J1 JCHH 2520 ,LPS (1 pg/mL)¥K& ATP
(5 mmol/L)YEH 0.5 h 4HIfifiE J1F% 2 (71.08 = 0.88) %),
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A : Western blot # caspase-1 2K [1/KF-; B: ELISA i L35 1L-18 & 1L-18 &1,

XA 2 S A g2 B (P < 005, B 1),
2.2 LPS B4& ATP T# % HPAECs ¥ g MK

5 %F BE A L, LPS+ATP 4 caspase-1 ik 7K
P LR, AR SR VW IL-18 RN IL-18 /Y
A B FHE  LPS B ATP SR VE FH4H 6 ik As
1k, XL TL-18 A1 IL-18 (& &3 (7.05 =
1.13) pg/mL Fl (10.78 + 2.47) pg/mL,LPS+ATP 4
IL-1B i IL-18 B f 4351 (17.25 + 2.96) pg/mL
F1(19.81 + 5.27) pg/mL, 4 LI £ 7 HA G 24
B (P<0.05,K2),
2.3 #pd ROS /= A& 7T [l HPAECs ¥ J& MR EAL

%t IR H  LPS+ATP ZH 40 P9 4k ROS 7K F-
¥R EF S, N ROS EFRF NAC 10 mmol /L Tii
YEF 0.5 h, i Z 1] ROS 724 (& 3A), T cas-

150 1 O AJin ATP
W i ATP
= 100
2
B 501
0
0 1 5 10

LPS(pg/mL)
SHBRAL AN ATP 40) AL, P < 005,
Bl 1 LPSBASAEA ATP ¥ HPAECs i& 1K &0
Figure 1 Effects of LPS alone or combining with ATP on
the cell viability of HPAECs
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Figure 2 NLRP3 inflammasome could be activated in HPAECs by LPS combined with ATP
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pase-1 Fik/AKF- A E3FH IL-18 5 1L-18 1y &
BE TR, LPS+ATP 4 IL-18 5 1L-18 My & 4341
$9(16.96 + 5.45) pg/mL F1(21.24 + 2.83) pg/mL,
NAC+LPS+ATP 4 1L-18 5 TL-18 Y & & 2 5l N
(10.49 + 1.26) pg/mL F1 (14.85 + 1.88) pg/mL,
IR A2 E L (P < 0.05,8 3B),

2.4  #pH] ROS & A& T #p4) HPAECs 48 8 =

5%t BEZHAH [, LPS+ATP 2H 40 o ) 1~ 28 8 3 7
5, S ROS W57 NAC 10 mmol/L HAE 05 h,
FT R E TR, XSTRRARBT-2R R (7.54 + 0.45)%,
A control LPS+ATP

M4 ROS
Y

— 3

_|
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B
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caspase—l S— . ———10 000
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0.8
= #
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Z 047
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T 0.24
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LPS+ATP ZHHT- %M (19.27 + 5.29)%, 4 L4 2%
SHEA G5 X (P < 0.05) ; NAC+LPS+ATP 411
=N (12.55 + 1.29)%, 5 LPS+ATP 4HAH I 2 7 H
it (P < 0.05, 18 4A)
25 474 ROS = A T34 NF-kB (p65) 5 p38
MAPK #§ ;ALK -F

5% BREHAH [, LPS+ATP 2H NF-kB(p65) 5 p38
MAPK @R ALKV 2 T+, i H ROS T BRIl NAC
10 mmol/L iAE 0.5 h, . ZE M H| NF-xB (p65) 5
p38 MAPK #§fR1L (P < 0.05,/4 4B),

NAC+LPS+ATP NAC
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A:DCFH-DA D& EREH R0 i N 2 ROS 7K F- ,Bar=50 pum;B: Western blot ¥l caspase-1 25 17K F , ELISA A& 40 i 3% 11-18 Mz T1-18 &

. SXTIRAIAALL, *P < 0.05; 5 LPS+ATP 414f L, *P < 0.05,

B3 #P%I ROS /=4 7T BEET 2 /M TE AL MBI 4 A

Figure 3 Scavenging ROS could inhibit inflammasome activation and apoptosis
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0.8 #
8. T
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A:Annexin V -FITC/PI Ji XA AU T4 B Western blot #l NF-kB (p65) & p38 MAPK BERIL /K, SXIRLAMIL, *P<0.05;5

LPS+ATP 4Lk, *P < 0.05,

B 4 % ROS 7= 4 AT BEET R E/NMETE W MBI 4R AT

Figure 4 Scavenging ROS could inhibit inflammasome activation and apoptosis

i i

ARERRASTT DA B A RO T ot A P A
b B BEAERF IR A AE W 3N, th T HJE 2 EE TR
IR AR SR 2R — E AR, SO AR T o B 55 22 Tl
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ARDS .COPD K fitigh k& & (pulmonary arterial hy-
pertension, PAH) 580 P AT EAEH , WF5TIE
S, AR A B A0 L B R B A I B £ R MR
i RIE AR B TR Al R B | 5 [ < DI BE

3

TR, JEARDS By EH R B R [EEE N 2T
fERE IS AMUAFAE T HEECOPD B3, JRILTiRrh
COPD f & F- Wi Dy Re 1E# MR & 1, H Al
AN, HPAECs #1677 DI REREGG  JH 1202 PAH &4k
JRA IR BT FL 43060 PN R R s 4 5 T ke o
PR 2R I B A 5k ) S N IREE A, 5 R EBE I
M ET AR DI REREAT | 75 53 11075 - Vi JUL At it e g 7
HEHTT PN R A S 3 A 5 R i I 4 AR A AR |
EHEPeAE BTG, 2 T80 PAH IR R AR
IR 45 S & P LPS BX& ATP 4 F HPAECs, {di 40
W06 T R R TG 2 R IH AR E A5 N AT
SR Bk B 5, PR R sl ik N R AR
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Bt ARDS PAH 259550 B R FB

RAE/IMEAE ]y KR 3% T N P R e A
BUSAr , G S 5t PR COPD | fiti4F 4k {645
Z AR R B ARR Y RN FARIE IR |
PRI I AR G . BIFOE RO, 74 v (0
HIERTA ) o= V5 I 2R 175 5 04/ N B il A AR R v |
NLRP3 H R o Uit 2 P2 B 4, $/n BH BT NLRP3
PRAE/IMATE ATV TR il 5% 9 BhiA T R G
AN BRSNS R 40 )
LSRR Th2 Ik I 40 A TS £k Sz Th2 AHOCZH il P
T B T WA BRI AKH T NLRP3 RAE/MA
1 3E f6107 COPD B35 il 4 40 ATP . R TR 46 45
it \ROS 85 RAE /IMA I B B K P38 0E 5 N 3
FhiE 71 COPD 2t hndE ] f8 % s h NLRP3 &
FE/IMA T IR B F IL-18 & IL-18 () & i i fa
FEWRE R E TS 0 AL, LPS B G
ATP i % Tt 5 HPAECs caspase-1 IL-18 % IL-18
FIRIKF- LPS BBl AR AN 2 LU= AR Bk s, &
W JiEg # ATP 75 5 NLRP3 48 AE /MA G 1L 75 2 1PS
W SIER . RAE/IMATE Th 2 PN Bz 40 MY 58 i 151 43
P EZALE], AIAERIRYT ARDS PAH S5 1Y 5
FLELER

NLRP3 S5/ MA— BR A fkl o 25 R4l i it
FER, AR EARBLE A it — 20 e, vl
it 5 ROS itk B FoMm AR A 2, &k
7 SR ML [ AT Gepe i X LPS S5 4P R B0 J5 ) &
B R, 237 AR i ROS, 5 5E PN Bz 40 45 45 K 5
B D) RERRERG S ROS VE AL A A I IE R ™4,
AFLIRE T 2 5 MM A A G, VRS TE f
PR 9258 I 20 B b i A5 2 R 225 R KO 1) ROS 1] 5810
VA 2 200 3 33 T 2 I % Bt B D e B A, TP M P A
SR LA A ST, SE AR R
FAZTR A5 M N o S8 A M 56, BF9 & ROS
FE NLRP3 RAE/MATE L R P AR BOCHAE T, vT BE
S ERRMENLBE -3 EAOS | AR R A A
K, HEARDLS v A R e — 200 Y, Ao g R
R LPS BK A ATP 55 HPAECs 43 /IMA TS AL id
EHr, BNA ROS K3 B, W NAC 3ERR
ROS J&, SRAE/IMATEALBE B ] , caspase-1 M AY
N IL-18 IL-18 /K P 3 AR, 487l ROS
A R BT R AE MR TR L A RGE AR . R 4Bk
RAE S Y FE LA 5, NF-«B J MAPK £ R IE
MR R R R ER S )5 5 LPS
5 0 A5 P B A T R AR SO R R

I, ROS I BRI NAC AT 3864 LPS A ATP 15519
NF-«kB & p38 MAPK @R kA L J8AL0, [RIEH
AT, R LPS BA ATP /-39 ROS T+
A BB NF-kB %2 p38 MAPK i@ P& i% NLRP3 4
S/ MATT IS AT

ZE LT, ARG KB LPS BA ATP AT 5[iE
HPAECs $if i S AR T, HALSI 5 208/ IMATE AL
G Horp ROSEF| T OCHAEH], 7T R s
NF-«kB ,p38 MAPK {5 Sl B SE 0, AW 45 3R 0
] PN B A U CR AP PR A TR R A B S /MA
AL AT RERCAIR YT ARDS \PAH SR80 1Y
BRI
[S%& k]

[1] Jin C,Flavell RA. Molecular mechanism of NLRP3 in-
flammasome activation[J]. J Clin Immunol,2010,30(5):
628-631

[2] Tschopp J,Schroder K. NLRP3 inflammasome activation
the convergence of multiple signalling pathways on ROS
production? [J]. Nat Rev Immunol,2010,10(3):210-215

[3] Schroder K,Tschopp J. The inflammasomes[J]. Cell,
2010,140(6);821-832

[4] Brusselle GG,Provoost S,Bracke KR,et al. Inflamma-
somes in respiratory disease:from bench to bedside [J].
Chest,2014,145(5):1121-1133

[5] Liao PC,Chao LK,Chou JC,et al. Lipopolysaccharide/
adenosine triphosphate-mediated signal transduction in
the regulation of NLRP3 protein expression and caspase-
1-mediated interleukin-1B secretion [J]. Inflamm Res,
2013,62(1):89-96

[6] Kratzer E,Tian Y,Sarich N,et al. Oxidative stress con-
tributes to lung injury and barrier dysfunction via micro-
tubule destabilization [J]. Am J Respir Cell Mol Biol,
2012,47(5) .688-697

[7] Dauphinee SM,Karsan A. Lipopolysaccharide signaling in
endothelial cells[J]. Lab Invest,2005,86(1):9-22

[8] Cai H,Harrison DG. Endothelial dysfunction in cardio-
vascular diseases:the role of oxidant stress[J]. Circ Res,
2000,87(10) ;840-844

[9] Stewart DJ,Mei SHJ. Cell-based therapies for lung vascular
diseases:lessons for the future[J]. Proc Am Thorac Soc,
2011,8(6):535-540

[10] Bei Y,Duong Quy S,Hua Huy T,et al. Activation of
RhoA/Rho-kinase pathway accounts for pulmonary en-
dothelial dysfunction in patients with chronic obstructive
pulmonary disease[J]. Physiol Rep,2013,1(5):e00105

[11] Stenmark KR,Fagan KA,Frid MG. Hypoxia-induced pul-

monary vascular remodeling cellular and molecular



-974- MO

BE OBk ¥

535 &5 T W
20154F 7 A

E

[13]

[14]

[15]

[16]

[17]

mechanisms| J]. Circ Res,2006,99(7).:675-691

[12] Sakao S,Taraseviciene-Stewart L, Wood K, et al. Apoptosis

of pulmonary microvascular endothelial cells stimulates
vascular smooth muscle cell growth[J]. Am J Physiol
Lung Cell Mol Physiol,2006,291(3):362-368

Humbert M,Montani D,Perros F,et al. Endothelial cell
dysfunction and cross talk between endothelium and
smooth muscle cells in pulmonary arterial hypertension
[J]. Vascul Pharmacol,2008,49(4).:113-118

Budhiraja R,Tuder RM,Hassoun PM. Endothelial dys-
function in pulmonary hypertension[J].
2004,109(2):159-165

Kebaier C,Chamberland RR,Allen IC,et al. Staphylo-

Circulation

coccus aureus a-hemolysin mediates virulence in a
murine model of severe pneumonia through activation of
the NLRP3 inflammasome [J]. J Infect Dis,2012,205
(5):807-17

Besnard AG,Guillou N, Tschopp J,et al. NLRP3 inflam-
masome is required in murine asthma in the absence of
aluminum adjuvant[J]. Allergy,2011,66(8):1047-1057
Lommatzsch M,Cicko S,Muller T,et al. Extracellular
adenosine triphosphate and chronic obstructive pul-
[J]. Am ] Respir Crit Care Med,
2010,181(9).928-934

monary disease

[18] Brusselle GG,Joos GF,Bracke KR. New insights into the

immunology of chronic obstructive pulmonary disease[J].

Lancet,2011,378(9795) . 1015-1026

[19] Botelho FM,Bauer CMT,Finch D,et al. IL-la/IL-1R1

expression in chronic obstructive pulmonary disease and
mechanistic relevance to smoke-induced neutrophilia in

mice[J]. PLoS One,2011,6(12):e28457

[20] Imaoka H,Hoshino T,Takei S,et al. Interleukin-18 pro-

duction and pulmonary function in COPD[J]. Eur Respir

7.

QUL

SRS R 2 5 1

e

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

J,2008,31(2).287-297
Gao J,Liu RT,Cao S,et al. NLRP3 inflammasome ;acti-
vation and regulation in age-related macular degeneration
[J]. Mediators Inflamm,2015,2015:690243
Taniyama Y ,Griendling KK. Reactive oxygen species in
the vasculature molecular and cellular mechanisms [J].
Hypertension,2003,42(6) : 1075-1081
Wong CM, Bansal G, Pavlickova L,et al. Reactive oxygen
species and antioxidants in pulmonary hypertension [J].
Antioxid Redox Signal,2013,18(14):1789-1796
Martinon F. Signaling by ROS drives inflammasome acti-
vation[J ]. Eur J Immunol,2010,40(3):616-619
Bauernfeind FG,Horvath G,Stutz A, et al. Cutting edge :
NF-kappaB activating pattern recognition and cytokine
receptors license NLRP3 inflammasome activation by
regulating NLRP3 expression [J]. J Immunol,2009,183
(2):787-791
Palova-Jelinkova L,Datiova K,Dra arova H,et al. Pepsin
digest of wheat gliadin fraction increases production of
IL-18 via TLR4/MyD88/TRIF/MAPK/NF-kB signaling
pathway and an NLRP3 inflammasome activation [J].
PLoS One,2013,8(4) :e62426
Liu H,Chen X,Han Y et al. Rho kinase inhibition by fa-
sudil suppresses lipopolysaccharide-induced apoptosis of
rat pulmonary microvascular endothelial cells via JNK
and p38 MAPK pathway[J]. Biomed Pharmacother,
2014,68(3):267-275
Li Y,Gao Y,Zeng Z,et al. Angiotensin-converting enzyme
2/angiotensin-(1-7)/Mas axis prevents lipopolysaccha-
ride-induced apoptosis of pulmonary microvascular en-
dothelial cells by inhibiting JNK/NF-kB pathways [J].
Sci Rep,2015,5:8209

[WFEH] 2015-02-17

CEE LI IR S 2 2 & SR SR © S SR 2 SN0 S SIS 2 S 2 S & SR SRR 0 SR S S 2 SR SR 2 S 2 SR S 2 SR & -2 SR & SR & S Y

R W 4T W)

e A Tk A X 2w 2 < A 2 S S 2 X S 2 A S 2 S S 3 S 2 S S O YA S S S S e

EX R A S S

&



