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Effect of Biliverdin on NLRP3 Inflammasome Activation in Mouse Macrophage RAW264. 7 Induced by Lipopolysaccharide and Its Mecha-
nism. Gong Rui, Jiang Lei, Song Ning,et al. The First Affiliated Hospital of Harbin Medical Uniuersity , Heilongjiang 150086 , China

Abstract Objective To investigate the effects of biliverdin on NLRP3 inflammasome pathway in LPS — induced RAW264.7 mac-
rophages. Methods RAW264.7 macrophage was pre — treated with different concentrations (10,20,30wmol/L) of biliverdin(BV) for
30 minutes, then administrated with LPS(1pwg/ml) for 6 hours, and the expression of supernatant levels of proinflammatory cytokine IL -
1B8,IL - 18 were measured respectively by ELISA. Cells were treated with LPS(1wg/ml) for 6h,and pretreated with BV (30umol/L) for
30min before LPS stimulation, the protein expression of NLPR3, caspase — 1, ASC and phosphorylated IkB were determined by western
blot. Cells were preincubated with BAY11 — 7082 (an inhibitor of NF — kB) for 1 hour, followed by BV treatment and then LPS stimula-
tion. Meanwhile, the levels of pro — inflammatory cytokine IL — 18, IL — 18 in the supernatant were measured by ELISA. Results LPS
significantly increased IL — 1B, IL — 18 scretion levels in the supernatant, however, pretreatment with BV suppressed the LPS - induced
IL =18, IL - 18 in a concentration — dependent manner( P <0.05). The protein expressions of NLRP3 inflammasome and phosphorylated
IkB were up - regulated significantly 6 hours after LPS stimulation compared with control group( P <0.05) ,while downregulated by BV on
the same time point( P <0.05). Compared with LPS group, a large reduction in IL - 18, IL — 18 expression were observed in BAY + BV
+ LPS group(P <0.05). Furthermore, these cytokines were much less in BAY + BV + LPS group than in BAY + LPS group or BV + LPS
group( P <0.05). Conclusion Biliverdin exerted anti — inflammatory effects by regulating NLRP3 expression partially through the NF —
kB pathway in RAW264.7 macrophages.
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FEEAE (sepsis) JEAE XHE I R AR M RN R S 30E BB A 9 2 DD BE B AT 2 0005 IR T R
TR 5% 45 Wi PR 2 f B R B 7™ BT ROAE 22—, it H
S R A RIS VI H (8171785) MRILA A g fE WP B2 (1CU) SR EJE T R s ) e

SR I AV H (ZIY0T704 —02) 5 M IR 15 5 Bl K 2 BF 5% AE A1 3 B X B : i
PR ) ASTRIERCEITE IR ) A s i G o 4 508 40 A
B H (YJSCX2015 -21HYD)

P4 B 150086 I 05 B A 2 IR 45— BE B 1CU S AL TR 2 A AN R W A L o R A
SR R JE LT3 4 £ 13796118989@ 126. com FfE R AT S EMME BN, AL BMGMEZHEY

- 35 -



e -

J Med Res,Oct 2017,Vol. 46 No. 10

REZEM (MODS) ', WL Bom L 4 T K &
22 5 It PR S8 37 109 15 5 A% B Ui SE A OC , Ytk e 75
FF [A] P42 ) 98 1k B2 BT B HEYA 9T B e e

NLRP3 # V£ {£& ( Nod - like receptor protein 3 in-
flammasome) & —f Z H A E &, MR E AR -1
(caspase — 1) I - 65 , 1Mij caspase — 1 HAT {2 R i%
PE W0 IS AR 0 R B 48 L PR TL - 18 (1L — 18 JA 4
MRk ok, 25 Z2 B R PR 0% 1) 5 BE L] . NLRP3
S ATE T i A FRATL T v 08 VR T IE 28 i 7E 48 0T, &
AR PER (8 S8 AE e 8 B R B T i AR
JH e 8 A B NLRP3 48 P 44 oo B2 0 , < 4 #F 1L -
13 1 IL — 18 o B2 RE T, A8 1 3k BE 09 48 Pk 2 1 5 [m] B
A SCHR iR E NLRP3 (5B GE L 21 %5 5T N 5 3 SO0
PER A PR3P VE H, LA Ko ASC ik [ /)y B Al fig X 40 LPS
P S e , T NLRP3 48 VA& AT LLAVE by Jie 25 4
SRS IRTE D Tk (Y

JRERZ 2 —FP YK B PRI g 6 5, o3, B4
o, M 47 2 & &% — 1 (heme oxygenase —1,HO - 1)
gL R AR Y 2 — o AR PRI R W IE
SRR T HABUAAN B PR TR RS, i BA BT
RS EAWESEIE 52 I8 4% 2 BE % 3l 3t i 38 5
TLR {55, 30l NF - «B {93800 , 5 2 1k ) v
FAN AW IE NLRP3 58 4 A 3% 53 3% a8 K T #%
F SRR F NF - kB B0 X A4 B T — & 1
PR HERE " o AT 6 LPS &b B g 40 0 2 ST
TR AN e B i R 1 B N7 B AR W 4% JIF 2% 28 XF LPS 4b B
Ji RAW264. 7 F g4 il NLRP3 5 #4220 70 Sz HoAH
KRN R IB 52, I HAE HBLE 1790 20 4R
e

mMrERE

140 5350/ B RAW264. 7 5 I 40 it #k 1
B L R A B A0 M 2 5 BT I 4k R 2 6
(LPS) ¥ ¥ kB(NF - kB) #l | %] Bayll - 1082 .7
HBER-HERBERIYE A L E Sigma 24w TL - 18
FIL - 18 ELISA {77 &1 A 55 B R&D 2 H; &
ASC NLRP3 | caspase — 1p10 N g fk 1(B £ 55 fEdi
AN B - actin 3T FEHUAA I A & [ Abcam 2
A R o AR AR I 0 L ST S D BB/ BT R
¥ B Ae s A2 S A W EOR A R A, 4 R 3R
FEE: DMEM b 35 572 56 i 4 103G W 3 % [ Hyclone
oA AR F i - EDTA W | & iAW AIRA .

2. M R 2 OCER [ 8] B B, AN IR
RAW264.7 W 40 i #k 4% A T & 2mmol/L H 2 12 |

- 36 -

10% Jif 4F 1 % . 100U/ ml 75 8 2 I 55 % %2 ) DMEM
Bigewirh W BEL) 2 x 10° /L, B F 4 95% 0, +5%
CO, [y 37°C IEFAE T IG5 24h J5 47 iR 5 .
3.0%4H K AL BR . (1) ARV E (10,2030 wmol/
L) JAZEZ kb B8 LPS /£ FH F (1 Raw264. 7 i I 41 fifd .
FECF R MM BENL >R 5 2, 25 B X A
LPS 41 LPS + BV, _ 41, Paine %' Fil Durante'""' ffy
o4 R0, 1ng/ml LPS 55 RAW264. 7 4 g B,
KR IL - 1 A IL - 18, [R 1 A #F 5% 5%
Ipg/ml LPS W% 7 4 i 6h, 75 & ik 3 5E B 19 48 1 )2
R A N R R AT A T Ak B LPS 2 . B R
B A LPS, 283 Oy 1pg/ml, ¥ & 6h; LPS +
BV, 41 1l 85 37 WP o A BV il H 4k B 43 51 R
10,20 30 wmol/L,30min J5 il A LPS, &k 1pg/
ml, BEH 6h, 2% 4 A F 45 0 J5 , 5 AN i 1 R B
W, —20°C {RAE TR, #e ELISA 3270 & #4E 77 vk )
S EWEW T IL - 1B IL — 18 R A KT, (2) West-
ern blot 1% A5 I 41 ffg N NLRP3 4 P K & 20 43 ( NL-
PR3 .caspase — 1 ASC) Fl p - IkB sEH W £ LR H I
— R 4 R IL - B A IL - 18 ik i iy B
4 JH £ VR FE (30 wmol /L) 4b B4 ] 30min , 9K )5 [ 45
FRW A LPS i H 2R 5 1 g/ mll, [ I35 B %8
6 B ZH F LPS 40, LPS Zb P40 A 6h J5 , 38 i W s
PRI A S . BCA LR AWk B, I 25ng BE
HEAT AN 1% BE 5 D4 s I g 5 JiE L 9k (SDS - PAGE) |, 1
2 R AW W I (PYDF) & 5% BLRE Wk
() TBST 2 EHA 1h, in AAH R — i ,4°C I H 22,
VRS, A HH R 7 AR o A Ak B A 2 1 e, & TR R
H 1h,ECL Ak & ek ki, LA g WLsh & A /E I
%, (3) FINF — B il 7] BAY11 - 7082 4b B 21 ifd .
R T BT IR R 3 i NF - «B B
P NLRP3 R MR A 5 09 R R, AR SE8G N T
NF - «B 40l 5] BAY11 —7082""*" {8 A= | 491 1y 40 e
HEAT 4320, 45 T AN [ A 3 - QO IE 5 0 BEZH - A ASAT: o b
HL;QLPS 21 8532 P A LPS, 204 Ol 1pg/ml,
& 6h; @ LPS + BV (30umol/L) 4 : LPS + i 1
30min FSE4E T 40 i 30 wmol/L Y JH 2% X, 1445 T 4
Jil 1 wg/ml LPS 53 6h; @LPS + BAY 41 : LPS T i §if
1h Fi5E 4 T 4 M 5pumol/L NF — «B 1417 BAY11 -
7082, 4R J5 FH 1wg/ml LPS | i 40 i 6h; & LPS +
BAY + BV 4 : 43 F LPS fE AT 1h A1 30min i 5545
F 40 Ml 5pmol/L BAY11 — 7082 FI 30 wmol/1. f4 JH 4
2,4 T AN 1wg/ml LPS /EH] 6h, 235 ) 1 3k



2017 10 H 5546 % 4510

BE 2 BE ST 2% ik

ELISA J7 32 46 I 40 e 15 5% by Wb IL - 1 (1L — 18
R IKKF o

4. etk Jr ik A SPSS 17.0 Zeit e Ffk gt 17
GEit oy, LA B = bR 22 ((x +5) RN GETHEUE,
Je LN 3R 5 22 93 B (ANOVA) 47 2 41 0] LE A2 Y 5t
T4, k47 SNK - g ( Student — Newman — Keuls)
R, JEATPIALIN 2 HL LA, DL P <0.05 h 257 A 5
S

30 -

20 4

L IL-1 37 (pg/ml)

A4l B#H  C4 D4l  E4l

& ES
1. N [R) v BE R 43 22 % LPS 5 5 RAW264. 7 H I
M IL - 18 1L — 18 A2 . W& 1 Ff s, LPS
s A IR TL - 18 F IL — 18 433 /K - B &8 Tt
fer, M FLSE 45 T IR Sk 3R 4, Bl B 0 2 2% 5] a5 () 38 n , 4
L or i IL — 18 A1 IL - 18 A48 LPS 41 @ & R (P
<0.05),

o0
=
1

' 6

404

204

LRI~ 18 7K P (pe/ml)

0-
AZH B#H CH DH EZH

BE1 FEREBEZEI LPSFES RAW264.7 EMEMAE EiEK IL -1 1 IL - 18 BB HME R (x £5, n=5)
A2 XFHBA ;B 4. LPS 41;C 4. LPS + BV(10umol/L) 4 ;D 4. LPS + BV(20wmol/L) 4 ;E 2. LPS + BV(30umol/L) 41,
5 AWML, P=0.000, 5 B4 HE,"P<0.05,"P<0.01

2. HLE E X} LPS 55 RAW264. 7 [ I 41 Jfd NL-
RP3 RAYEAR&2H 3 M p - NF - kB R IL 15
Ml . 4 & 2 Fron, 5 25 1A B4 A L, LPS Ak B
RAW264.7 E W41 6h /5, NLRP3 4 1 1k 4% 41 4%
(NLPR3 ,caspase — 1 (ASC)&HE H Al p - kB HEEH FE &

NLRP3 —
ASC —
caspase—1 - el
AZH B Ce#H
p-IkB —

A B#H C#H

BRI (P <0.05) ; 5[a] [l S0 LPS HAH L, B
Wik 20 i AE LPS Ab [ 26 2o I 2% 2 Wi Ak # J5 , NLRP3
RVEAR & A B p — kB 2R 112234 #8135 FEAK
(P <0.05), B T AMBAHPY <
0.01),

=
EN

o O AH
R i -
= 0.3 O CH
=
g 0.2 # * o
i
# 0,14 #
=2
ST |Is [N
0.0
NLRP3 ASC caspase—1

sz 0251
% =
R 0.20 4
Z 0.151
oy
= 0.104
il
g 0.05 1 "
§ 0.001— ; -

AfH BZH CH

2 #HEEaN NLRP3 RMEEEZHAHRIE (v s, n=5)
A 4. XFHRZL ;B 2. LPS 41;C 4. LPS + BV (30pumol/L) 4., 5 A 4 Ib#, " P <0.05, 5 B 21 1L, 7P <0.05

3. NF — «B #l I %0 %} LPS & 5 RAW264.7 E

ApE oy IL - 18 \IL — 18 A2 - 4N 3 Jir7x , BV +

LPS 2 Fl BAY + LPS 41 |5 W 4 g 4> 3 IL — 18 1 IL —
18 KL F LPS 41 (P <0.05) , 1 BV + LPS 4141
.37 .



J Med Res,Oct 2017,Vol. 46 No. 10

M E3E W b R F KRS & F BAY + LPS 4, 2 %
TG E X (P >0.05) ;A A}, BAY + BV + LPS 4

IL - 18 A1 TL - 18 48 g 73 W /K - 2 2 # fiK T BV +
A1) =

30 1 *

R IL=1B AR (pg/ml)

AN BH CHl DAl EH

LPS 28§ #% BAY + LPS 4 (P <0.05) , {H4/ 5 F %f Ia
H(P<0.05).

80

|- i T T~ 187K - (pg/ml)
= 2

[
=
1

0~

A4 B#H CEH DY EZH

B3 NF-«B ##573F LPS 55 RAW264.7 ENE4ARE EiEi% IL — 1B #0 IL — 18 BEMIE R (v +5, n=5)
A ZH. X BRZ B 4. LPS 4H;C 4. LPS + BV (30wmol/L) £ ;D #. LPS + BAY (Spumol/L) £ ; E 41. LPS + BV + BAY 4., 5 4 b
& ,*P=0.000; 5 B 4lI#," P <0.005;5 D 44, P <0.005;5 E 414, P=0.000

H#

EE R 1B (interleukin, IL — 18)7%#%435”5
W AR SV R T, T A e R R B 3 B R
YERIL = 18 ANUAS B BB 4% 5 | HILAA (%) R 1 s I, 1
FLIE AT LIE 18 5 5 iNOS  FR&UfL i 2 (COX -2) |IL -
6 S5 A S P R T 32 35, M 0k — 45 U 0% 35 J55 40
RGP 20 i 7 A B 2 L - 1B B 5 &bk w7,
HRGIL - 18 B e 98 55 /6 A, ol B W] ] 3% T 46
M, FE5 T 2 Fhoagn i = AR oMbk e Y . A R SRR
SCOPAR IL - 1 iR A2 RE WS 0038 MR B AE Bh W ALL 45405 1F
Sy [, Berry 25 U RFSE & B IL - 1B R BRAERS B
WD B — FEHETE R S0 S M IR, IL - 18 7E
JHe B0 HP L VTR X T AR, T DUVE R R
UG 9 HIWT 8 b7 . 2 BBF5E B, I 1L - 18 /K
-5 e FEE W5 A 0%, ad T 1 caspase — 1 5 & fiy i
IL - 18 A &HE [ IL - 18 Tl gk ) — & G 7 1E
J:H[IS‘I()] R

A g M A o ) A AR R R RO T R A
Horr NLRP3 48 VA 7y o UL A0 25 %2, NLRP3 4 1 {A
ek YO, S 2 S B Y 2 R, K T 35
HLAF T BT MOk B £ Y SCHk R NLRP3
RAYER KA XA TS 5 M B 4E () &5 B, 40 6l NL-
RP3 R PR G 16 P ] B8 236 97 IR 35 0 19 B 20 T B
He 25" BF5E @7, £ 5 % 6605 8 53 0 4 NLRP3 %
PR R M T 5 T I RS B 40 0 AR IR 4 de
HRFFE AL AE 52, NLRP3 B 3 R it 5% A 6% k4% e 3
P AKT " IRSRE N B A B A B4 B AL
PO T T M BB X B e B AE 1 BOR M WU B E

- 38 -

XA E R E . HRTARSR A NLRP3 & 4 2 7]
(1) 5 22 FIUAH B AE A 438, A 9% 30 45 7 e B3 i 14
HME R A9 A R F IR 4 26 NLRP3 4 4 4 1 1 K
HH OG5 M I 1 5 )

AHFSE B, RAW264. 7 F W41 i 7552 3] LPS fE
MG Bl Z4niap i IL - 18 (IL - 18 43 ik 3 £, iR
¥ RE ARl B Ty o A R A G AR TS 45 T R
SRE P& LPS Ah PR Sk R O IL - 18,
IL - 18 {1 53 W 7K OF 8 AIG , £ 7 IR 2% 22 A K40 LPS
VR IL - 18 IL — 18 Ay 43 A, af it w] LA 42 4L
RN o1 NLRP3 58 P 1 A 56 4 o B 7 A 1 R M R
IV o

NLRP3 # 4 & 2 #1 NLRP3 . ASC , caspase — 1 2
I NEZ: SRR N R: R ~ 3R e i 32 ) R o o
S 0n s A e S R R E e L, — B fE
5590 1% 2 A 2 D) # proll — 1B prolL - 18
i 22 e A0 B A R L - 18 (I — 18, MU 3
FORVER R . ASBFFE & B, H LPS Zb B4 M 2h J5 , 40
My NLRP3 , ASC | caspase — 1 5 H & 5 7K B g 1
Jin,6h 5 bR A S8, s LPS BE E
RAW264.7 E WMl NLRP3 M1k, 45484 —%
Iy ARG P A A TL - 18 1L — 18 Ay A5 4k, 7T L) & B
f£ LPS 5|5 NLRP3 £ [ & Rk 19 [ B, IL - 18 | IL -
18 (1 4 WK Pt 2 25 1Tt , O FL#a 35 NLRP3 [ 4%
fZ— 2y, BB LPS J@ f NLRP3 3@ % 5] 2 IL -
1. IL - 18 Fhi&E . o T HFFE ISR 2 X7 NLRP3 & 4 {4
AR A IR0 AE LPS 15 10 40 it iy 7 A I 4 3%
EH KR IANLE R AR B M LPS 5 5 W 4 i iy



BE 2 BE ST 2% ik

2017 10 H 5546 % 4510

e &

NLRP3 4 PR 45 4 43 85 (1 19 R 3k, 32 7 I 48 28 v
E A NLRP3 58 P 1A 2% ok sl 72 LPS fr & IL - 18,
IL - 18 W7+ .

SEHT R SE B, B 4% 3R RE % 3l o 4 ] NF - B
G SR K T AN M A 9 1 . RV, Gibbs 25 BF 5T
ESC AR 2% R n] LAGE 3 97 ) 85 TLR 55, 40 NF -
kB SR R Rl e O R R SN o AE AR i B
o, ISk 2 R ] LPS 175 5 B A0 i N 5 2 Ak IkB 2K
SEEOES R N S 3 1 2 A A W T I
NF - «B i PEAHOC , 3% S8R 25 S AL, H AT G T
NLRP3 4 P A4 1) 38 15 BIL 1) P LA W Aif 2 S 9 5 3R 58 K
i NF - B B#0% ", I H IL - 18 1L - 18 # R #4
T2 NLRP3 RGN T, 0 7k — B gk %
JEIE & NF — «B 3@ B i i 0 ) LPS 75 3 19 1L -
1B .IL — 18 323k, ASZE W NF — kB #1135 BAY11 —
7082, 45 WIREF G T EREANE NF - «B )1 5]
J&,LPS g Ay IL - 18 A IL — 18 B & R R, 3t
B NF - kB £ LPS 5| & 1 50 h i 2 T EZWIEH .
AR, 28 % #0 BAY + BV 4180 | T LPS i %
M) IL - 18 IL - 18 By ik, 3 H BAY FIH &% % 191X
Fp IL - 18 \IL — 18 &35 (1 16 & 10 il 4 1 &35 1 v
T BAY 35 R4k 22 0 Bl 100 o) R 458 B IR 4% 3% ]
il LPS 5 S/ IL — 18 1L - 18 3Rik , Jf HaxX Fh il
il F &l NF - kB AR R A2 0, (H2, RS &R
o H BAY AbEEE R4, &P IL - 18 FIIL - 18 [f 3
KA TS X B AL, $E R BT NF - «B 3 % H i
36 LPS I 3 s 41 4 1 DR AR R

MR RIFIE IR L Z Ak - DARSE R AE A 8k 5k 1
T 2k I 2 200 5 Y AR T LA D S I 2T 2R K
AN BEHEBR BH 2% 2 38 J5 I AN AR 21 28 76 40 61 R Mk R
FIVER] s @B i ] NF — B Fl NLRP3 48 1 {4 %2 A
i 5 /I B, AL AN BB 58 42 0 I 4 28 L A 300 A L v i
EH .

25 LTI AR 5T A SE T BH 4R K ] DL3E i 9
il NF — «B 38 B i 17 8 NLRP3 48 M 44 11 A= i 21
PURAEF X R IR 2% 22 40 R A SR A T8 i 398
b, MERFENT LPS i S R M I A 44 57 4 nl
RV B A AL, 5 2 AE A 5 i g o AR 52 . R
BE 2 F A ] 5 1 S 07 S 5 38 4o JIH 2 3R 3 D il 1 JIE
212 T A A % B — 2P 5T

&% ik

1 Singer M, Deutschman CS, Seymour CW, et al. The third interna-

tional consensus definitions for sepsis and septic shock ( Sepsis —3)

13

14

18

19

[J]. JAMA, 2016, 315(8): 801 —810
Cohen J. The immunopathogenesis of sepsis[ J]. Nature, 2002, 420
(6917) : 885 -891
TR, TRIESE, XM, MRFRAETT G T AT SR e[ J]. e
a2k, 2010, 19(2): 120 - 123
Mariathasan S, Newton K, Monack DM, et al. Differential activation
of the inflammasome by caspase — 1 adaptors ASC and Ipaf[ J]. Na-
ture, 2004, 430(6996) ; 213 -218
Overhaus M, Moore BA | Barbato JE, et al. Biliverdin protects against
polymicrobial sepsis by modulating inflammatory mediators[ J]. Am J
Physiol Gastrointest Liver Physiol, 2006, 290(4) . G695 -703
Gibbs PE, Maines MD. Biliverdin inhibits activation of NF — kappaB :
reversal of inhibition by human biliverdin reductase[ J]. Int J Cancer,
2007, 121(11): 2567 -2574
Bauernfeind FG, Horvath G, Stutz A, et al. Cutting edge: NF - kap-
paB activating pattern recognition and cytokine receptors license NL-
RP3 inflammasome activation by regulating NLRP3 expression[ J]. J
Immunol, 2009, 183(2) . 787 - 791
R, SRR, BRI, S SEEIXS /N B RAW264. 7 AN b
FEIRFEIR T — o FIEAZ AN ML ER 1 — 1 33K MR IR B HL 3 T L
WLI]. PagBE =22, 2009, 89(35) : 2500 - 2503
Paine A, Eiz — Vesper B, Blasczyk R, et al. Signaling to heme oxy-
genase — 1 and its anti — inflammatory therapeutic potential[ J]. Bio-
chem Pharmacol, 2010, 80(12) : 1895 - 1903
Durante W. Protective role of heme oxygenase — 1 against inflamma-
tion in atherosclerosis[ J]. Front Biosci (Landmark Ed), 2011, 16;
2372 -2388
Xiang P, Chen T, Mou Y, et al. NZ suppresses TLR4/NF — kappaB
signalings and NLRP3 inflammasome activation in LPS - induced
RAW264.7 macrophages[ J]. Inflamm Res, 2015, 64(10) : 799 - 808
Fu Y, Wang Y, Du L, et al. Resveratrol inhibits ionising
irradiation — induced inflammation in MSCs by activating SIRT1 and
limiting NLRP - 3 inflammasome activation[ J]. Int J Mol Sci, 2013,
14(7): 14105 - 14118
Tsuzaki M, Guyton G, Garrett W, et al. IL -1 beta induces COX2,
MMP -1, -3 and -13, ADAMTS -4, IL -1 beta and IL =6 in
human tendon cells[ J]. J Orthop Res, 2003, 21(2) : 256 - 264
Berry M, Clatworthy MR. Immunotherapy for acute kidney injury[J].
Immunotherapy, 2012, 4(3) . 323 -334
Grobmyer SR, Lin E, Lowry SF, et al. Elevation of IL - 18 in human
sepsis[ J]. J Clin Immunol, 2000, 20(3): 212 -215
Tschoeke SK, Oberholzer A, Moldawer LL. Interleukin — 18 a novel
prognostic cytokine in bacteria — induced sepsis[ J]. Crit Care Med,
2006, 34(4): 1225 -1233
Strowig T, Henao — Mejia J, Elinav E, et al. Inflammasomes in
health and disease[ J]. Nature, 2012, 481(7381) : 278 —286
He L, Peng X, Zhu J, et al. Mangiferin attenuate sepsis — induced a-
cute kidney injury via antioxidant and anti — In flammatory effects[ J].
Am J Nephrol, 2014, 40(5) ; 441 —450
Cao Y, Fei D, Chen M, et al. Role of the nucleotide — binding do-
main — like receptor protein 3 inflammasome in acute kidney injury
[J]. FEBS J, 2015, 282(19) . 3799 - 3807
(ki H 4 :2017 01 - 03)
(& H #].2017 -02 -01)

-39 .



