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[#E] BH %R TKeapl/Nfr2/ARE(S 5 il AR R HLA K IMiF54% (ventilation induced lung injury, VILID) J&
WA FHLUE . Fo3E 25 T SDA R BE AL S 8 VIL I RS, HE YL &40 % B 20 . I3 S (VT 2 (VT HS
mL/kg) . KVTA(VTH40 mL/kg) fli 4 GUp BRAE fb; K045 2 Al 41 2138 5/ 28 (W/D) HU(EAE Ak ; BCATR AN 4521 S S A il
HREVETR (BALF) 5 36 (1 1972 1k; ELISAZEAN &4 BALF AL o 4RI/ 2 1B(IL-1B) . A4 K -8(IL-18) LA K it
AR 8- A 5 1T (8-OHAG) /K ARk ; TBATE A Il 2 21 H 7 — % (MDA) /K728 45 Western bloting S 36 4a il F.
WM Nod R ZARZE 1 3(NLRP3) ., 8 T-AHICBE 55 FEE 1 (ASC). caspase- 175 [ DL K iliZHZH hKeapl . Nrf225 (1 AY7AE1k; 33
e EPCRAGIN 25 I 1SOD mRNA . HO-1 mRNARAAEM, &R T EVE A HiiA S, SEUumR, %
S 20 BRI 0 R T 20 3 225 550 BRZE RILE 3 VTR L, RVTALIiZH 2 W/DIE . 8-OHdGHIMDAZK -, BALFH S 2K 1 | IL-
1B. IL-18L) B IfiL i HHIL-1B. IL-18/K -39 3% [T+ (P1<0.05), ilivf F 40 FPNLRP3 . ASC. caspase-175 [ L4 K filiZH 21
tFKeap 1% 433k FTF(PH<0.05), 4L P N2 [ . SOD mRNA, HO-1 mRNAFEIA R, Z5ie RV~ ] LAl
HEURAE S SIE MR I S BOVILIN KA, AL i Bl A5 | i K eap 1/Nrf2- ARE B30 G M4 (ROS) 1 BR g
(R B, T 5 AR A 20 7 A NLRP3 S i/ IMAR, 25 VILIIE il
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[ Abstract]  Objective To explore the molecular mechanism of ventilation induced lung injury (VILI)
formation based on Keapl/Nfr2/ARE signaling pathway. Methods The VILI model was established by excessive
mechanical ventilation in SD rats. HE staining was used to detect the pathological changes of lung tissue in the control
group, normal tidal volume (VT) group and large VT group (VT 40 mL/kg). The wet weight of lung tissue was detected in
each group. Dry weight (W/D) ratio change; BCA method was used to detect the changes of total protein in
bronchoalveolar lavage fluid (BALF) of each group; ELISA was used to detect interleukin-1f (IL-1p) and leukocyte in
BALF and serum of each group. The content of 8-OHdG in the lung tissue was detected by IL-8 and the content of
malondialdehyde (MDA) in the lung tissue was detected by TBA method. The NLRP3, ASC and caspase-1 proteins in
macrophages were detected by Western blotting. The changes of Keapl and Nrf2 proteins in lung tissues were detected by
RT-PCR. The expressions of SOD mRNA and HO-1 mRNA in lung tissues of each group were detected by RT-PCR.
Results Excessive mechanical ventilation could damage lung tissue, leading to alveolar rupture, inflammatory cell
infiltration and erythrocytosis. Compared with the control group and normal VT group, the W/D value, 8-OHdG and
MDA content in the large VT group, and total BALF, the contents of IL-1p and IL-18 in protein, IL-1pB, IL-18 in serum
increased significantly (P<0.05). Compared with the control group and normal VT group, NLRP3, ASC, in macrophage of
large VT group, the content of Keapl protein in caspase-1 protein and lung tissue increased significantly (P<0.05). The
expression of Nrf2 protein, SOD mRNA and HO-1 mRNA in lung tissue decreased significantly. Conclusions Large VT
ventilation can cause acute inflammatory injury in lung tissue and lead to the occurrence of VILI. Inflammatory bodies of
NLRP3 in alveolar macrophages are involved in this process, and the mechanism of NLRP3 inflammatory bodies is caused

by hyperventilation in addition to mechanical injury. Decreased Keap1/Nrf2-ARE pathway inhibition and ROS clearance
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may also cause macrophage production of NLRP3 inflammatory bodies.

[ Key words])

Mechanism
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SCXK(H)2018-0002.,
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BifFHE) . Trizol(9109, Takara) . i FPCRIXF &
(RRO047A, Takara) , SZHf 286 € 1 PCRIA | &
(RR820A, Takara) , RIPAZLS# K (PO013C, = K) |
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Ventilator-associated lung injury

Reactive oxygen Keap1/Nfr2/ARE signaling pathway

(A0208, ¥ = KX) . HRPAmC I FEdi/MR =i (A0216,
LK),

1.3 RIWAE

1.3.1 ZEHM LB S & KRAMYLIECE R
P30 HSD A R [ = EI X BEZH | IF & <
(VT)4H ., KVTH3AH, HHI10H . 4 KRRITRE
VITHRAE AR L sh s Wi sh ik i &, 28 B ki
S G TE, LL10 mL/ (kg-h) A By vE A P ER
IK, TR AR 7E37.3 ~ 38.3°C . % STk Bl 4%
KEVILIBRY, 44 BTG, X B4 F 3200 15
VT 2 E K S22 1R 420.1 mg/mL, 7§ B 20T
W K )5 B HETOPORY /NS W R W ML (35 E KENT 2
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VT VT H40 mL/kg. HLESE: WIF L (LE)
1:1, PRI AR () 780 min™", WA &K JE (FiO,) 40.50,
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BERRAAS R

1.3.2 ATAALRIEZIIR  BUCM LTgigl, 2R
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Jib . et PR e 4 IR

1.3.3 MR/ F/REHRMA (W/D) B2 BULM T
MR (W), BT 60°CREA P72 hEf &G
TR (D), HEW/DHE.

1.34 fmje. XAFMAERR (BALF) Fodn i
K& IR RS S 8 SCRRS 73 o B i s 4
Jil o FH TRV I B R £k 2% v (PBS) HE Uk S A5 il vt
WAEBALF, B0 BAIMTTTE, FIPBSPEY, B LG,
—80°C T PRAF# K s 40 ML 3E FH 2 10% i 4 1L %
(FBS) . 20 KU/LT 52 . 30 kU/LE555 2 HRPMI16404H
Ji 5 7% e R, BN R T A M R SR L, T
37°C B 5% CO BT T 45573 h, WM BEA L,
FH & 10%FBSIIRPMI1640 40 015 37 ik F 8k, 5 20 i 2%
JEPE 2 1x10° mL™ . S JH Giemsa e (7,751 52 40 Jfd 4l 55
>90%, >R HHE B YL 68 7 55 1 A A7 8 = 95%
HF i A L TR R P R A A . 22D ZE 2R
I, BOH T, F-80 CORFAH

1.3.5 BALF¥ & &4 NT HBCAEKIMBALFH
MR AR, AR EBCAIRF & ( il = R AEYIHL
RABRAED UL T .
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R B JEIN—40. P, kOt BRRHITER
Mr, LLH E@@EESméﬁﬁﬁ-actin%mﬁ{ﬁtmﬁ{/ﬁﬁ%
1.3.9 R4EF-RAEoB R L (RT-PCR) #) ff4a
L A AL ALEE (SOD) mRNA. it

% PR W 5235 (ELISA ) # M BALFAefn
PN
2% -8(IL-18), %

Bt (HO-1) mRNAKA  HUMEIH-JEBUERNA, %
GenBank/Afi f)SOD . HO-1f1B-actinz % cDNAF 41,
B Y1tk Olig 6.713%3HPCRE 4. ¥ 4474y
2B B EE S HL VK S, FH EMR  BT R G200 W WO
(A)E, UL H SR 5 0S5 AE L AE R AE X 38
% TG 25 ARG e 38 1 55 0 AR A L A (B0} B AL 36
WD), TG

1.3.10 %it¥ 7k R+ sFoR, 4l
BRMHBEE T Z00, W9 R A ek 5,
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2 #R

2.1 BAMALANRETN

e FLEE, B EFT IR | IEH VT i ss
P BEA TE &, i i) o e 7 i, SO /0 4 PR AT L 75
Wy ROV il A, Al b 4 2L, I ] B 348 5,
Jii PR S 7K e, T AL R A P A S 2T A v (T 1)

1 HEXRAHE R RE L HE x200
Fig 1 Pathological changes of lung tissue in each group. HE x200

A: Control group; B: Normal VT group; C: Large VT group

2.2 HAMARW/DILET L
5% BB MIEH VTHM L, KVTHSD K

W/DHJHE K (P< 0.05) ; X HRZH 5 1EH VT AH L2 558
GittEE (P> 0.05), W1,

F1 SEXRIHALW/DILE BALFRF A EASE MR MFBEFBALFRIL-1B. IL-18EEM TN (x+5)
Table1 The W/D ratio of lung tissue, total protein content in BALF, and IL-1p and IL-18 in serum and BALF in each group (¥ + 5)

IL-1B/(ng/L) IL-18/(ug/L)

Group n W/D Total protein in BALF

Serum BALF Serum BALF
Control 10 6.34%0.75 1.68+0.14 59.56+7.93 77.35+6.61 2.05+0.32 3.13+0.28
Normal VT 10 6.85+0.69 1.730.21 60.85+8.69 79.43+8.25 2.11%0.29 3.62+0.31
Large VT 10 9.38+0.81"" 2.98+0.19"" 120.34+9.33"" 150.69+6.11"" 3.9840.35""  4.79+0.36""

*P<0.05, vs. control group; #P<0.05, vs. normal VT group

2.3 FRAKRBALFHREZEHMURMBEBALFH
IL-1B.IL-18S BTk

5556 B R IE B VT4 AR H, KVTZSD K
BALFH G H DL ILE MIBALFHRIL-18., IL-1834 71

(P<0.05); X MR 51EH VT 2 5 G452 X (H

P>0.05), lLF1,

2.4 HAMMALABMDA.S8-OHIGEEWTL
5% BEAH AIE B VT E, R VTZHSD R Ut ZH
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ZIFMDA . 8-OHAG & 1 ETF (3P <0.05) ; XF I 4
S IEH VT EL, P9I bR 22 57 34 T 58 72 5
(P>0.05)(F£2),

F2 BAKXREEMMPNLRP3.ASC. caspase- 1B A RIEMEWL
(x£s)
Table2 Expression of NLRP3, ASC and caspase-1 protein in rat

macrophages (¥ £ s )

Group n NLRP3 ASC caspase-1
Control 10 0.93+0.08 0.56+0.04 0.71+0.05
Normal VT 10 0.96+0.10 0.58+0.07 0.83+0.08
Large VT 10 1.24+0.13"" 0.89+0.11"" 1.32+0.18""

*P<0.05, vs. control group; #P<0.05, vs. normal VT group

2.5 HHKRRERMAHFNLRP3,ASC, caspase-
1ZEARIETN

H P2 J2 23] WL, 55060 B2 FIE H VTZHAR HE, K
VTZSDK FUE W4 ig P NLRP3, ASC, caspase-185 ]
FEBTHE (P<0.05) ; X IELL 5 1E# VT L, 4548
br2E g L (P>0.05) .

A B C

ASC o— —

caspase-| i P >
e (D D
B-actin (D GREED GENPD

B 2 RAKREEHHMFNLRP3,ASC, caspase-1E A RIETH
Fig 2 Expression of NLRP3, ASC and Caspase-1 protein in rat macrophages
A: Control group; B: Normal VT group; C: Large VT group

%3 SHEKRRMHALFMDAS-OHIGHT (££5)
Table 3 Expression of MDA and 8-OHdG in lung tissues of rats in each

group (X £s)

MDA/(nmol/g 8-OHdG/(ng/g
Group n
of lung) of lung)
Control 10 30.18+6.21 12.37+2.13
Normal VT 10 32.45£5.98 14.55%2.08
Large VT 10 49.39+6.45"" 25.67+2.76 "

*P<0.05, vs. control group;#P<0.05, vs. normal VT group

2.6 HBAMALHNr2, KeaplEBAT

5 X7 BEZH FIE B VT L, KVTZHSDR Ut ZH
IR N285 H R IAFEAIC, Keap 1 2 H £ T & (P
<0.05); X AL 5 IEH VT4 EL, Nrf2, Keapl 85 3%
IKTCH AR (P> 0.05) (&3, $4) .

A B C

B 3 AKXRAMAL N2, Keapl EAE
Fig 3 Expression of Nrf2 and Keapl1 protein in lung tissue of rats in each group
A: Control group; B: Normal VT group; C: Large VT group
R4 BAKXBMHALABNG Keapl EFT (f+5)
Table4 Expression of Nrf2 and Keap1 protein in lung tissue of rats in

each group (X +s)

Group n Keapl Nrf2
Control 10 0.90+0.08 1.56+0.15
Normal VT 10 0.99+0.13 1.49+0.17
Large VT 10 1.48+0.12"" 0.78+0.09""

*P<0.05, vs. control group; #P<0.05, vs. normal VT group

2.7 HARALLFSOD mRNA, HO-1 mRNAR A
=

5 BEAHAIE B VT E, R VTZHSDR Ut ZH
A1 SOD mRNA . HO-1 mRNAZFE ik B &% (P
<0.05); XJFEZH 5 1IEH VT4 b, SOD mRNA, HO-1
mRNAZIATCH B (P> 0.05) (K4, K5) .

®5 HAKXRMALHRSOD mRNA HO-1 mRNAKZAL, (X £ 5)
Table 5 Expression of SOD mRNA and HO-1 mRNA in lung tissues of

rats in each group (¥ +s )

Group n SOD mRNA HO-1 mRNA
Control 10 1+0 1+0
Normal VT 10 0.95+0.11 0.93+0.12
Large VT 10 0.54%0.05"" 0.67+0.03""

*P<0.05, vs. control group; #P<0.05, vs. normal VT group

A B C
HO_I =

4 FEKXRAEALHSOD mRNA.HO-1 mRNAKIZEL
Fig 4 Expression of SOD mRNA and HO-1 mRNA in lung tissue of rats in
each group

A: Control group; B: Normal VT group; C: Large VT group
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=, M caspase- 1", HATAF T 2 1A 4Fh %
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HF2(AIM2), 43 ] o 2 SR AR 2 R M/ IMA 2 2R
2 A YR, I JEcaspase- TR [ T4 &=
H:caspase-1, Ji # i — K IL- 1 BRI FIIL- 18HT A BT V]
NEA A AT TL-1BFIIL-18, 5 IO Rl %
i S WP, NLRP3J2 H i 45 14 F1 5 B 5y W 1 2%
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SR AR R BEAURRGE 5 [ IL-1B TL-18F5 1 I
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e, RVTH i B w48 i HNLRP3 . ASC. caspase-
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SR A SN, 3 AR IE R
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PE/MAR B R, 3 LG A S Bl 2
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VILIIfi AUt s AL R e h P AL EFSOD . HO-1361A
ZFHNH], ROSIEBRRE ST T B, il 2 23 v 5 5 240 A 33
T, PR R /MA, SR R, REVILL, (H)E
B FEROSTH R b 75 i — A4 T B ARG

Keap1/Nrf2- ARE il 1 AP A ALY 235 1
S5 hAAMRS . EH N T Keapl i[5S
Nr2f#ff, AERENr24b AU R — H Keap LA
B 1S PSR, HSNef2 2 5, S EINr 23005,
HEA AN A I ST A AR A S0, SRR VILI
HAPHUEI R G 7% 2 HH T Keapl/Nrf2- ARESE B #
Tk Ik, ASHIFSE 5256 S B0 5 0k BE ZH AN E 3 VT2 A1
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ROSIHL AL, ] ik — FBROS/AK -5, {H )2
ROS/KF-55 4T B4R I

ZE FRTIR, ARSI SE SRR, RV T A AT LA i
HAUR A 2V RIE PRI T S BOVILIR & R, i E
Wi A0 fENLRP3RAE/MAS 5 T it 72, 175 | & NLRP3
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Keap1/Nrf2- AREIE A Hil FIROSTH BRAE S 69 T M nl fig
[FIRE | 2 L A ™ A2 NLRP3 4 E/IMA .
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