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2 CEER (130/0.4) T Ak 38 42 AT A e Iin B
XM RGRIER NI R

s, b, BRE, RITE, RS, EAE

( Bz KF B FRW B ERAREEF, &, 200127)
B H A7 S FE TR T AL PR ek 4 BT e 0L/ P VR v 453405 A 5% i Bl 43 A AL
Jrik: 30 HBEME SD KRNI AR : AR, AR KA. FFIES i/ .
$2 LB ER TRAL FA RN $8 2 3 v K T AL R+ BT AR Bl ol / P EVE A . TR AL 3h W AT T G 1
90min, FFEEVE 18 /NEF, ARFETHIA G BUMAL N HMGB1 13815, Realtime PCR A&l fifi 2 21
HMGBI1 1 TLR4 mRNA [£J7K"F-, Western Blot & illfiliZH2{ HMGB1, TLR4 Flffz1k p38 &
H 215, EMSA VR4 23 AP-1 O35 E o 25 L. JF U Sk i P08 v E 45240 51 2 1% HMGB1
ThiEs BiiZH2Y HMGB1 ) mRNA iR H&IATHE:  TLR4 ) mRNA Fl&E HRIETHE: p-p38
FEARIETHE LA AP-1 3G & . R AR B A UL B Tife bR . 4518 RO
FEUE Ky (130/0.4) T b £ o5 35 T AE s ofn / 75 v 453 45 A ¢ ALIVARDS 11 /E H HL il 5
HMGB1/TLR4/p38 MAPK/AP-1 15 58 To ¢, EARRIVEANLEIE 7 — 2o,

KR SPEMBG: L AEVER(1300.4); BIEBALUIEA 1 Toll FERZE: p38 LAUR
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The of HMGBL/TLR4/p38 MAPK/AP-1 Signaling Pathway
in Hydr oxyethyl starch(130 kD)-mediated attenuation of
Liver lischemia/Reperfusion Injury-induced Acute Lung

Injury

ZHENG Beijie, YANG Zhongwei, CHEN Yu, WU Gangxi, HE Zhengyu, WANG
Xiangrui
(Department of Anesthesiology, Renji Hospital, Shanghai Jiaotong University School of Medicine,
Shanghai 200127)
Abgract: Objective: To investigate the role of HMGBI1/TLR4/p38MAPK/AP-1 signalling
pathway in hydroxyethyl starch (HES) -mediated attenuation of liver ischemia/reperfusion (I/R)
injury- induced Acute Lung Injury (ALD) . Methods: A rat model of liver I/R was used to induce
ALI in our study. A total of 30 male Sprague-Dawley rats (180 — 220 g) were randomly divided
into five groups (n = 6 per group):Control group, Liver I/R injury group, Normal saline group,
HES group and HES with liver I/R injury treatment group. Levels of HMGBI in serum in lung
tissue were determined by ELISA. Levels of TLR4 and HMGB1 mRNA in lung tissue were
detected by real-time PCR. Expressions of TLR4, HMGB1 and phosphor-P38 protein in lung
tissue were determined by Western blot analysis. Activation of activator protein 1 (AP-1) in lung
tissue was measured by electrophoretic mobility shift assay (EMSA). Results: Serum HMGBI
were found significantly higher after liver I/R injury, and more importantly, expression of
HMGBI1 mRNA and protein in lung tissue was also significantly increased. We further found that
liver I/R injury enhanced expression of TLR4 mRNA and protein, and activities of p38MAPK and
AP-1 in lung tissue. However, HES treatment did not inhibit HMGBI levels, expression of TLR4,
and its downstream p38MAPK/AP-1 signaling pathway in lung tissue after liver I/R injury.
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Conclusion: HMGBI1/TLR4/p38MAPK/AP-1 signalling pathway did not involed in
HES-mediated attenuation of liver I/R injury- induced ALI, furthermore studies are needed to
investigate the underlying mechanisms.

Key words: acute lung injury; Hydroxyethyl starch; HMGB1; TLR4; p38MAPK; AP-1
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SUPEI5 1% Cacute lung injury, ALD B3 ™ 1 20 SPE R IR 238 £5 & 1iE Cacute respiratory
distress syndrome, ARDS) J& A S5 B R IEF AR Bl F AR B B WA S ) e E LR G
fiE, HFETD & &8 24%-60%[1,2] » £ JH # M T R W (8], B Bk o/ B O VE 450

(ischemia/reperfusion, I/R) 774 &R R+, @i MG IEHAEH TH, 514

(B R MR S N, B I a7 1 1 w2 T A B AR ALI/ARDS &0 BIAZ LI (3]
BATZHT IO A R B AE UR wI 5 ST % E H 1 (high mobility group box-1
protein, HMGB1) & BOFIRE S i, il Mg /e T, HMGB1 {4 Toll #5214k 4
(Toll-like receptor 4, TLR4)[F) P IEMERLIATEAGATZHZAR) TLR4, FH51HE p38 2235 uE H H
W (p38-mitogen activated protein kinase, p38MAPK )/i& 1t & F1-1(activator protein-1, AP-1){5
SR, EAMHL S E RN, A FREE TR ALVARDS 1k 4:[4].

IR, 2 CHEER (130/0.4) 78 Bl F AR 2 DR Ry B EAE R S & sl 1721
AL FATZ AR A, o O FTERT(130/0.4) AT LR 25 508 ATJIE /R AH5S ALI[S]. B
Ah, 2 LHETENT(130/0.4) 7T LLE 25 X038 LPS FTifs 311 ALVARDS 2P A 28 1 I B, Z IS
5¥ CHEGENR(130/0.4)3MHIiIZH 2 TLR4 (335 Je H 7 i) p38 MAPK/AP-1 JE %% YJAH %
[7]. {H2, F2LEEVER(130/0.4) 05 FHIE VR AHIE ALT FRIALE] M ANE 2E

ASEIEFHE VR 755 KR ALTEERY,  PRUHE O FRTER (130/0.4)% HHIE /R AH2% ALLHY
BURIZEATHIE R T, 9 A AR S8 I 3 R TR BBl A S 0 il R4 S s i) 5 2 L BR VB4R

1 MR 5T

11 W

HEME SD KB 30 R, AR E 180~300g, TWH L#Elk e stz WA IR AR . 77T 12h:
12h JEREIMER, 25 TARUAEGRE, BB E LK. Frascimshidii, #1538 FigsgE K
FENPE BN R R, FFE 5 E L BAHE AU tH IR S AR S BRUEI, BT 3043
CEI NN R EAIOPO RN
12 2 RALSR

YR/ HLE A ERIOR ( BB RE AR AT, BSA EASHTIAAE CRIBAFD
%I HMGB1 £ suBdifk (1: 1000, FE Abcam A7) , %l TLR4 Hifk(l: 1000, 3
Cell Signaling Technology A &), i phospho-p38 Fifk (1:1000, ZEE Abcam AF) , %H
J5 B-actin Fifk (1:1000, %[ Epitomics A#]) , Infred Dye 800 CW %i-Edifk IgG (E[H
Rockland A F]) , Odyssey Infrared Imaging System (3£[E LI COR A#])
13 SERyH

SCEFHORER 30 R, BENLA WA 54, H 5 A

AW (FEAXEA, Control) : FWIARLEFIRATE.

0.
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B 4 (AFEEKAE,NS) « & Rk 30ml/kg FIAFEERK, 30 4805452 F 18
BFR.

C 4 (HFAESR I/ FHEE L, NS+I/R) « s R Er kSN 30ml/kg FIAEFEEE K, 30 438
Je B2 52 T A S o/ PR E T A

D 4 (32 235y AL BEZH, HES) « BhA4 R ER KN 30ml/kg {155 2 FEVEH}(130/0.4),
30 i ez BT AR

E 20 (3% Z L0 0) FAL 3 4 FFF S i/ FE 2, HESHI/R) « s B ki N 30ml/kg
[F¥2 L FEFENT (130/0.4), 30 738 5 4252 A S i/ P TR
1.4 5B 43t O P EE R AR 2 ) &%

FIH 200-300g 1) SD K BRIGERL, K BR 2 M v 5 I T L AN ORI (100mg/kg)
TERRIFIR P IE FARER G, WAL —2) 2em FIYIID, 208 S FEAFAE 22 . A2 A
A, SRS FH BRI TR K BIBKRIARAE (2 70% I L pERE I, PR
Ak RARMRIFLR M MM, B 90min fEAEBRBIKIE, *MFEL Sml AEFEEIKIE AR, AT
W FF U6 P HEVE o
1.5 Western Blot 3R Bl tIZH 2 HM GB1 #1 TLR4 % &

KBRS AL T 5 ST ED BT 2 100mg fifidL 2, i 1 ml 4R / 40 AR BOR T
& 1% A FEHIFR) . BERRRE 4] 5 PMSE) , VKIBAIH. 4°C, 11000xg E5.L» 10min
FHHEIE, BSA FEAEES AN EAKRE, HHEE T —80CIHRF. 10% SDS
PAGE, RJ5HEM A NC i E, fEE 100V, 1h. F& 10%M 0625051 PBS =54 4h,
TIAN—P0, =IRMWE 2h, NP, REHE 1he 1 XBERIZZEMNH (& 0.1% Tween 20)
Vel 4 Yk, BFK 5 min, T Odyssey Infrared Imaging System 333 176i# 1% . 1# H Bio Rad
A ) Quantity One #5647 #EAT K EE 4T, THEHME S GAPDH [WEL{ERI A B 1)
EAKMREAE, LHREL 2 K.

1.6 Real-timePCR ERMIftiZH4R HMGB1 #1 TLR4 mRNA HJ7K

% H GAPDH fE NN Z & . HMGBlI K5 #WF 5 N: LIESIWN 5
TCCCCTACTAAAGACCTGAGAATG 3's #5148 5 TTTATCCGCTTTCCTTGTATCTG
3'. TLR4 R 5I¥FH N LiF5I¥N 5 CAGGGAGCACGAGGCTTCTAACC 3/, 5l
YN 5" CTTGTGCCCTGTGAGGTCGTTGA 3'. GAPDH X[ 5|75 h: L5k 5
GCCCTCACGATAACCAATTACCT 3', Ni#51#4 5' CATGGTGCCTTCATAGTTCTCAGA
3'. f# ] Takara 22 & & 1 SYBR Premix Ex Taq Kit, 7E Bio-Rad f{] Opticon Monitor 3 Real
time PCR system biff7, REUEFL, #HE 3 KL L. DLHPEERFFFRIEER L GAPDH [
FIE BN R LR, BIROHTRM 22Tk,

1.7 BESTHLR

FEHT— RECHIIE2E 1 PAGE, 80V HLVKHIH| =4r 2 —Abfke, WE] 70V, # B, 400 mA,
30 min. fEAAE 120 °C, 30min 4T 7E 20ml 1] Washing buffer F14/%% 5min, 10ml [1J Blocking
solution H#%3% 30 min, 10ml [f] Antibody solution § & 30min, Washing buffer /£ 2 ¥, 15min/

K. Detection buffer #1 P4 Smin. #RJ5HI A CSPD 1, 25°C 5 min, P& 37°C 10 min.
FH X S8 58 iR 30 min, EE2WE 5 min, ES2UR Smin.
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1.8 4iitZEibE

THE TR U £ A5 2 (mean = SD)F 7~ HMGBI1 ELISA £ IR 2 ik ifi. < 3 A 45
SR HBCH R . HEg R RH ANOVA 7. P<0.05 WASH i AR BEER.
KH SAS8.1 Giit 347 Ab B

2 4R

2.1 HMGB1 mRNA FEE ATEMAH A PRI R EIR: S EX R4, AR KA
¥t e Ry AL FEZH At 2128 HMGB1 mRNA RIASREY R 2 5, MR i/ 7 3 41
F¥E £ FEGE Ky TRAL B+ JFF I sl af PRy 2 A 2H 23 HMGB1 mRNA RIA5EE B ET & . ST
JUESfe of/ P EE Y AR LG, 8 TRV K T Ak B - JHF A s of/ P 3 4L il 4 2R HMGB1 mRNA 3Rk
mELTEEER (1A ; EHRLEHRS mRNA —H(E 1B).

A B
HMGB1 " i A —_ —
. B-actin TR At S, ST Gt
z 16 > S S &
O \) \)
o N o 5N % N
5 1.4 - CJO{\ % Q\ (bx
Z 12 4
s e
08 3 25 1
o
Z 06 - =
g 04- Q%15
T 02 -
[ o 1 4
o >
0 =
Control NS+I/IR HE HES+|J’R ﬁ 0.5 4 '
0

Control NS+I/IR HES*IIR

Bl SR PRS0 5 I 21 4 HMGB1 mRNA FilZE [ 414 7KF
Fig. 1 Relative HMGB1 mRNA (A) and protein (B) levels in lung tissue at 18 hrs after liver I/R injury. ¥*P<0.05,
**P<0.01 compared to control group. Relative levels of HMGB1 mRNA to control group are normalized to
GAPDH. Relative levels of HMGBI1 protein to control group are normalized to B-actin. Data are expressed as
means + SD. (n=6 per group).

2.2 TLR4 mRNA AR AITEMAHEU R Rk aaE 45 R SR S AXTRAMIL, A KA
2 LI VER AL B AT ZH 2 TLRA mRNA RIAGREHI TR 25, FFE S/ A Az
CHEVER TRAL R+ JFF A S ot/ P EVEZH 443 TLR4 mRNA ik BT m. SHNEGin/
FRREVELHAR L, ¥ OB VN TAL 22 + AR il / P E v 2 it 20 21 TLRA mRNA RIA5E ET0 W 3%
ZE5s EERISEH S nRNA —2(E 2).
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Relative TLR4 mRNA Level

Control NS+I/R HES+I/R

Relative TLR4 Protein Level

pactin M . — S a—
N S & S &
SR A R A\
1.5 1 CP{\ \\‘b Q\@%
25 4
2 -
0.5 1.5 4
0

Control NS+I!R HES HES+IIR

Pl 2 RSk i PEE 41495 ) 2448 TLR4 mRNA FE [ 1315 7K-F
Fig. 2 Relative TLR4 mRNA (A) and protein (B) levels in lung tissue at 18 hrs after liver I/R injury. *P<0.05,
compared to control group. Relative levels of TLR4 mRNA to control group are normalized to GAPDH. Relative
levels of TLR4 protein to control group are normalized to B-actin. Data are expressed as means + SD. (n=6 per

group).
2.3 ifiZH 4 p38 MAPK il AP-1 [vETE 45K Eon: 5 AXERAMLEL, AFI/KAEME L

FLUEN TRAL FEZE il 20 B R AL p38 R A MIRIAMRE I L W 22 5, P i/ F e v 2 F i
L FEFER AR 4 B S i/ P E v AL A S AR A p38 KRR B & m . SHFIESLML/
FRREVELHARLL, 2 S BE VA TUA R + Al ofi/ PR v 2E A A 2R IR AL p38 RIS T i 3%
ZE 5t AP-1 [P SR p38 MR B —F (Kl 3) .

A _
phospho-p38 |
B-actin
&)
25 4
£
3
e
o
=]
L]
g 15 45 ..
£% 40 .
8~ 1 2 35 k
& £ 30
-g 0.5 ""‘_: 25
5 0 T 20
e $ 15
0 - 2 10
SR I N\ s s
& = & x g = == =
S S & S
o‘§$ N R %,\ﬁ?‘

] 3 Ak AL FEF-EE 451195 )5 i 227 p38MAPK. AT AP-1 (995 1
Fig. 3 Activation of p38MAPK in lung tissue from rats at 18 hrs after liver I/R injury or sham operation. A,
Relative levels of phospho-p38 protein to control group are normalized to B-actin. B, AP-1 activity was evaluated
with electrophoretic mobility shift assay (EMSA) with representative image shown. Blots shown here are from a
representative experiment repeated three times with similar results. *P<0.05, **P<0.01, compared to control group.
Data are expressed as means + SD (n=6 per group).
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3 Wik

EAER, 2 ZIEVER (130/0.4)1F 9 — AR 3240 i V2 I T IR O A AT o
I BB FEUE S 2 R VE R (130/0.4)38 B A B 1 S e Sk /E T, rT DU 25 PR m 2 23 B 48 1
EREIENE, SGEMALE MR R, BA =BT SN [6]. AR
FEH RGN 2 L HEE R (130/0.4)7E B 5| S (1 Ik 23 HURE S A2 A iR S DR ML HEAT T IR N
RINFE CHEVENT (130/0.4) 7] LLE 25 2038 LPS Frifs 31 ALVARDS S PERAMG 2 1 OB, Z IR
53t L FER(130/0.4) 4 il ZH 24 TLR4 (138148 I FL R p38 MAPK/AP-1 il % & UIAH G .
RV E T $ L HEIE(130/0.4)7E ALIVARDS 3L F2 b i Bl 474 i A& i % TLR4 ik
J LT UE 5 I8 B R SB[ 7]

E A1 B AR WIF FE AR Ll 4L SR 388 5 58 2L RS M I ) o0 127 3R A FE DA R A
0 ALI/ARDS 2 Hfiti 25 25 28 11 20 e AT 1~ PR R TRUS N A 9K [8 5 91, HH B ARAE R LTS R B
T o BATZHTIE AL RAUESE T IR F AR ALL (9 AmALH],  RITE AR EAL T 2 1
FARTHHHIE VR SR, FHLH T 5] & HMGB1 & SRR o i, s i yg 0
EF Tlili. HMGBI1 1E4 TLR4 B P IRTERCAARTE AL ZH 231 TLR4, 5[ p38 MAPK/AP-1
BB REN, BRI SRR, RAFHEF AN ALVARDS FIKA[4].
AN R B, TR M T 2 V8 (130/0.4) 1] LU 25 FRAR AT A2 4 FEl AR WIAFAE /R AH G
ALI. A0 723 L. HMGB1/TLR4/p38 MAPK/AP-1 15 Sl Ny, WA L IEIEH
(130/0.4)J8 42 FEAE /R #HOC ALL FINLH] . 45K, F2 45088 (130/0.4) A selii HMGBI
A TLR4 [ %L T K N iF p38MAPK/AP-1 15 Sl % (1 iE 4k o $75 HAF FH ML 55
HMGB1/TLR4/p38 MAPK/AP-1 {55 @B Jo 0, JLARYHLEI ] §E- 54 a8 B A 9%[6, 10],
B ELARIVE FAPLE 75 33— D5

4 it
ZE LRI, F2 L HEVERD TRAL BN T 1 P 40 45 A 0% ALIVARDS B = 2L fifi 7
PHERH, (EHHMLH S HMGB1/TLR4/p38 MAPK/AP-1 {5 Sl <.
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