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[(FE] HI WEEMEFHUERESA -1 (TSP-1) A FHMERE G P A0S T8 (ERK) 3@ M1
F. Jiik SEFHERE Balble NREENLAY 4 4 (n=5): FAR (sham) 20, CLP XTHEZ . BAME A BExtiBL . A
WO B, MR AR R E IR S T LA TSP-1 #:5PEAY siRNA A BE#E4T RNA T4 (RNAD , FIEAFIE TSP-1 &
ik, RABWSILTH (CLP) VR TR, K0 ATIE TSP-1 Fix7284k, K 37 % 2 B TNF- o S5,
KM FE ERK 3B F0R78 4. &0 AR B IFNE TSP-1 M AW T8, I83F RNACAERL. ST R4H
F, CLP ZH AN %) REZH #5 5  ALT 1 AST &, INF- o i THE (P<0.05), BiMRfk ERK AR EH 5
Mk (P<0.05), TLIHEROT BT RNAI /5, ALT Al AST &, TNF-o SEBIBEK (P<0.05), B#Rik ERK
EOFRBPRTIHE (P<0.05). &HE TSP-1 250 FIRFEAEFHUS, SEUNER 20 TNF-o S&7H&, ERK
R R AL —.
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Role of ERK Pathway in Septic Liver Injury Induced by
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[ Abstract] Objective  To observe the role of extracellular regulated protein kinases (ERK) pathway in
septic liver injury induced by the thrombospondin—-1 (TSP-1). Methods Male Balb/c mice were randomly
divided into four groups (n =35 per group) :sham, CLP control, siRNA negative fragment control, and siRNA
effective fragment group. TSP-1 protein expression in liver was downregulated by hydrodynamic tail vein injection of
the fragments of siRNA specific for TSP-1. The model for sepsis was developed by cecal ligation and puncture
(CLP). TSP-1 expression in liver was detected. Serum aminotransferase and serum TNF- o contents were detected.
The change of liver ERK protein was detected. Results In siRNA effective fragment group, the expression of
TSP-1 in liver was obviously decreased. This confirmed that RNAi effectively downregulated the expression of
TSP-1. In comparison with sham group, serum ALT, AST and TNF- o contents were significantly increased as
well as the expression of liver phospho—ERK was decreased in CLP and siRNA negative fragment groups. After
RNAi, all detection resulis were inverse. Conclusions TSP-1 may induce septic liver injury. This results in
increased serum aminotransferase and serum TNF-a contents. The suppression of ERK pathway is one of the
molecular mechanisms.
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B, BN EHURE T -1 A SIKEREATR T ERK E AR T 29

Z % B e B 15 28 A fE (multiple organ
dysfunction syndrome, MODS) J&#ME} G 5% KOG
MERT, 2R AIMRHE G 5| TS Y i B0 2 L EE B I
ZayE TR IR 2 R, e RE RS E
IR 35 A A e . R, IR Atk
HRAE & D MODS ffREZ—1. k2 70 4F40
Baenziger M BE I i R 14 1L /N b 3 25 75 21 BE
ML EFHBURE A -1 (thrombospondin—1, TSP-1) , 1E
RSB A B A R 22 R SIS 1t A8 2B R
HBT B L e BIaf , TEHUMIRIG YT TPl 5
W, B WTFERAA PR B TSP-1 16 5 Ik 1M
/PR (IUR) b RIAH R, TSP-1 AU
i B2 i i/ Bi. RNA T4 (RNA
interference, RNAi) & A /N T 3 RNA ( small
interfering RNA, siRNA) 1% H YRR B9 mRNA
HATRE SRR . KA, oI S R, BH
Wr H BRI, DT AN BE B AR L 2 1 5,
RNAQ VA5 R R B PO, 3 A i 5
VB ARA B ASSEEAN FH RNAL R
JHME TSP-1 263k, 8015 & fE M he 45 b iy
YER, FHMANRE AN T (extracellular regulated
protein kinases, ERK) il B&AR{b A M BEHR I 0+
Bl

1 ST

1.1 R

Z: BESCHRYR F ik B2 7K (hydrodynamic tail
vein, HTV) JESHEHIA siRNA HBL: AT 18 ~22
g PR BGAEIEYE Balb/e /MR (B 258 K245
shrbry) 258 16 h, Bf 40 pg # siRNA  (Qiagen
ow]), BUEAYEXTRE A B, AR B, s T
PBS 1.5 mL, Z/NREHIKS ~7s WHEA, RTA
ZHAT CLP XJ B2 [A] 2 R4 PBS 1.5 mL. Z 52 1R
CHEKD R H B 45 4L 2 ] (cecal ligation and
puncture, CLP) il VF e 85 AE B AY . [ L b 2 4
(50 mg/kg) JEIERREE, BN ER, TEW
MALE S LB, 18 54 kBT E M 1
W, SEEEERANEYRL, BAERIFCE, &
TR NS A FEER K | mL MR, SERCHIEL, (RF
RHATIHIE, EEEWATETLER, Z)5 R4
KIE.
1.2 AR

FEHL R 44 (n=5): RFAR (sham) 4.
CLP XFHEZL . BATEXTRRAL . AR Bedd. HIsEE 6
h [RIRTRREE, FFMZA .0 prtE ik in 2y 0.7 mL, JF

i B W s LS UM B, BUR A FRER R T
WP Ry 402 B T —80 CUKAS TR . MiAnA T3
IR HSREEI, T L2500 t/min &0 5 min, B FZE
M5 & T -20 CIKAERH.
1.3 FF4E4R TSP-1 mRNA &

K Trizol PE4ZEUR RNA, U TAZ R E S IFRC
-, FZHE M-MLV (Promega /A A]) UiHH 45 #5473
B S AL eDNA Bk, #5720 wL PCR OV AR &
c¢DNA 0.5 pL, 10 x buffer 2 wL, dNTP 1.9 pL, F.
T (RilgAd TAEARAF) % 04 pl,
Taq fiff 0.3 pL (TaKaRa 22 F]) , DEPC 7K 14.5 pL.
TSP-1 5|#) : sense 5TCTCAGGAACAAAGGCTGCT
3', Tm 57.80 °C; antisense 5'AGAGCAGGAGGTC -
CACTCAG 3', Tm 61.90°C , H ) H Bt 501 bp.
B —actin 5|¥):sense 5'CGGCCAGGTCATCACTATTG
3', Tm 59.85 °C; antisense 3'TCCTTCTGCATCCTG-
TC AGC 3', Tm 59.85 C, HH Bz 216 bp. TSP-1
S AFUNR . BARE: 94 °C, 3 min; A8k 94
°C, 30s; Bk: 55°C, 30s; ZEf. 72°C, 90s
(e 1Bk, SEARPEET 35 AMEER) 5 BAEH . 72
°C, 10 min. N2 B -actiniB k61 °C,30 s; FEH172
°C,30s, #4725 MEH, RPFHE. B PCR YY)
NEHWNS B -actin IR AT 1.5%5UIEHHEE K H
KIS, K’ A Fluors Mutilmager 3B 53
r, LU= K B —actin 4571 6% FEAELAY U (E R %
A H L mRNA 225 AR 0 3
1.4 BF4E4R TSP-1 EH R

K Western blot J5 5. 42 i 24 e HR BUE
M, BCAMEER, K450 wg FEME AT
SDS-PAGE #EACHLTK, % 2.5% WA IE . 7.5%51 &5
Wk, FREFRIK (50V, 2930 min, &S
WML, ek 100V, 24100 min) , BB #E T4
W (100 V, HI%% 80 min) , H% AGHRRZF4E
M (Pall corporation A F] ). BY T~ H A& A &
5%MiRE WA B TBST =06 F #0412 h, PR, A
AR —PL Rt Bl TSP-1 Z7epediik (abeam 2],
F 1:200 FiBf) 4 CFR A, PERE SHR
ALY (HRP)FRiE ) — 4T (Pierce/s 1 , $41:10 000F4
) M ECL B0H (Pierce W) RN, B,
L NEELi
1.5 FFIpgeseml

R A shA AR 5E M35 5% 2 B ALT Fll AST
.
.6 Ii& TNF- o #&i
SKFH ELISA AR M7 TNF- o & &

1.7 BF£E4R ERK ZE B

5o

[N
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K F Western blot J7%:. % 5%W461 . 10%5>
B HIE. A —3T phospho—ERK $i{& . ERK #i
AP Z 7 EPUA  (Cell Signaling Technology
al), ¥ 1:1.000 Fikg; NS B —actin-HRP $ii
Tk BB T EDTIA  (Sigma AH]) , % 1:25 000
ik, A ERTA TSP-1 8 (A ARG
1.8 SGitahiE

SERLIRL « S (xxs) FoR. T2
FEPER S, R B 2R Oy 22 40 LU B AL ) 22
P<0.05 HZERAGIE X

2 R

2.1 RNA FHRREIE
2.1.1 BFZHZR TSP-1 mRNA BIRiE K AP
PEIEATIEMT, RIARRR SRS MG 1 R IKE
B, PR (WK ). B3R B4 TSP-1
mRNA k4 CLP 4UFIFAPEXS B B 290 (P<
0.05), SEFARUAMLZEFEGIT¥EL (P>
0.05), M mRNA /K-BHE %A % Be i RE T & AT
ZHE TSP-1 Fik.
212 FFAER TSP-1 EB#/N AR B
TSP-1 75 [ 3355 CLP 21 70 BA 4 Xk B 25 B 40 61
(P<0.05), WK 2, SHEFRAMLZESR TR E
P (P>0.05), MWEAKFRAEZA SO B g
FFZHE TSP-1 k.
2.2 MFEHSERME TNF-o UELR
SBRFEARLAMI, CLP 4 FBH ML ALT
MAST & & . TNF-a S HEYHETE (P<
0.05), TLIART BiffT RNAL J5, 5 CLP 4 f1
FAMEXT RRZHAR L, 3 EH I REEIL (P<0.05), L
= 1.
2.3 BT ERK EARIX

FEAFERFEDUEEEE RS, U
B —actin JJRLHE LAARRER 1L ERK 2 FIAHXT R,
RIS AN ZF TG (P>0.05), WH 3;
FLAIEBE R L ERK A BEHE L5 phospho—-ERK 5 [
AXTRIE, SERFARLML, CLP AAFBAPEX R
phospho-ERK FikHH B REE (P<0.05), TLIAAL
A BCHEAT RNA 5, 5 CLPZLFT M T AT AR LE
phospho-ERK # 1B B 15 (P<0.05), L3 1.

“— TSP-1

= [l-actin

sham  CLP s i

B 1 REERFH KA TSP-1mRNA Rk
Fig. 1 The expression of TSP-1mRNA in control and

RNAIi group
sham CLE it i

B2 MWMREEMHBEE TSP-1 EAMBER
Fig. 2 The Western blot results of TSP-1 in control
and RNAi group

a—PERK

“*+—ERK

E— 1

B 3 *tEEK RNAi 4 phospho-ERK/ ERK & H Elif 45 R

Fig. 3 The Western blot results of phospho-ERK/
ERK in control and RNAi group

%1 RNAi Tifl TSP-1 XEREAERATIIEE. MiE TNF- o« . ERK EARIZHEIE (X£5)
Tab. 1 The effect of downregulating TSP-1 by RNAi on the liver function, serum TNF-a and ERK protein

expression in mice with septic liver injury (X +s)

4 5 n IM3E ALT (U/L) I AST (U/L) I35 TNF-o«  (pg/mL)  ERK/P -actin phospho-ERK/ ERK
shamZH 5 30+2.24 72 £2.12 121.1 £3.51 1.108 +0.125 1.368 = 0.134
CLP#H 5 140 + 4.53 302 +3.54 514.5 £ 6.83 1.032+0.113 0.534 + 0.094
PAMEXTHEZH 5 80+2.55 392 +4.53 415.9 +5.81 1.024 +0.108 0.516 = 0.089
BHABH 5 30+ 1.41° 78 +2.55" 112.7 +3.54° 0.994 + 0.129 1.376 = 0.126"

5 CLP 2 FnBHPEXT E2H b, *P<0.05.
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3.1 I&iF siRNA-TSP1 K & B 3 T 8 BT BB

TSP-1 kX

RNAi ZPFM LR shaers TH, X—MEHE
75 W B AT 2 iU i AR It 44, AR . I
PR B 21 NI A e A0, AR al R R A X
RNA (double-stranded RNA, dsRNA) #¥ Dicer iX
AN IEPE RNA F IR 5100 A% 21-23 M IR
1 siRNA, J5 & & RNAL OB 20+, it siRNA
P I SR B[R] 357 4 B HE mRNA Il LR
i, FERE ST, siRNA &5 KIEY7 195
B, BE T B MIEERE, HYRRE AR
ik, RNAI i@ E W RRE SR S PR k. R
BN e B 3 siRNA TAIRIKIR AR, {H RNAI
o R S 3 R O BRI, L A E V2 . A
RGP AR P AR RS, R RS
A siRNA, SCOREEXT B A9 5 mRNA J751),
B LA B T siRNA 540354y, &
T X A 00300 15 512 o Y SR A SR ) S IR AN
KRB I % JE 3 RNA 1 = Z5/0)L )2 RNA 5
E R A AR 4. siRNA 5#E mRNA 4
SEILR TR A LA, T TR0 A 5 55 B L
DIAITC (AR BE. B AT siRNA @93 IR £, #%
ANFE R siRNA P50 225, TR0
WAIE]. RNAi B 20 A F T ki 2 4545
PEgi, FLUNRAE . FeERiRYe . JRAE . UR W5,
PG AT A T B AE AP 455, RNAI ZEmfi 730
WYl FH AL S50 AT siRNA A5 2505 2% 21 #8410 i
ML, WE. A RERNT B0 WA T
RETARRIY . RAEM) siRNA - BEv] 81 313
PRI R ek R R R MG U sl I AR R R
siRNA SRR S AT, I FE 02 AR,
40% 119 200 Ji o] LA RS ) AR A5 R TR i A\ JF 23K,
HTV FES & RS AT mL, BN RNAG (5
PEFE. siRNA #0351k 5 AR A s A G,
Lewis 55U 11 % 1 & 305 5 I RNAI 19 siRNA
FHE SRR, 4T RNAL BRI TR SR £
RGN 51, 7€t PCR J&7E mRNA ZKF50 UER 1
VT H, T AR T AN — 5. A
S HE 3k £ 40 pg siRNA #E 47 RNAi, R
RT-PCR #: M #E XL K T ER,  [R]E) Western Blot B[l
WA AR, & BURE AL R A I TSP-1
FiK, BAF siRNA-TSP1 FBeA %K.
3.2 TSP-1 N SRRFEMIRG, ERK BEEEAHIE

EL 41 B P 200 3 B A B TNF- o o TFN=y |
ILs Al NO 88 RAEA T, J251 & M8 AE 1) & 8 A
. TNF-o J& HE W5 MODS 43 3¢ % 41 fg K
T, VENE B AREA oA M A 493 B 0 1
HEEO B TNF- o $55E siRNA S8 1 v E 4T kB
RE/NEL,  REFE 5 BUAT R G 2 W U S B AETE R 6
FHI. TSP-1 2 /MR o BURLY B85, At
IR/, RS 204 TS, {03
I, AR, SHEIIREA SIS, 1R
ANTRI A H R B2 A2 B RETROS 2RI 5 5 848 AT
RIEZFIIIEE, 1EH 4 0F T 5Eat TSP-1 v] Z 0% A
T, WS TSP-1 W R Z RS, 2850 . 2l
REW R RE i . B UR B, O
B, LR . SRR 5 FEIESE, 7ER4 .
SAEP VEHZ BB, el TSP-1 785
JIE UR 505 b 2Rk SR Y, 7 TSP-1 #bR/)N
R R X TR 5145 B INE I E RS T RE RS
B ER . ASCIR T RNAL R I8 M 7558 1
TSP-1 ik, K IF] 7% 7 28 TNF-a &5 1
R, $E7R TSP-1 76 e 8 4 851 45 R 42 R A
55 TNF- o plF) 3 B 45.

Y )R IE AL & AP B (mitogen—activated
protein kinases, MAPK) J&—410 40 T B
24 | S B A R AL RE 1 B s, AT
MIAME55 A R 0 BB S R R g,
WAFTETZFNAEAN, F ERK, JNK, p38. BMKI
4D FERES, Hrh ERK A 5400 N 5 4=
BEAL T AR Sk, INK T8 B e AN T ol
I R, T p38 5 RAE N 56 R e N
YW, K[ MAPK 2> F45- AL, Zp A
AR AR SO, MAPK 38 R FH B IR Ak 2 B2 DR AT 1Y
SRHIERAL G S, AR MAPK B [ 1)
U EE IS . YER AR IR, 5l
FRE B4 A: B S, ERK J& MAPK F K 45—
AP E BN, N R T BT SN SR R
ERK #42 B R FIFAEN T TNF- o ZERIEN A T
ME—WHER, HEEDHE—E/RE R T LPS
I3 INF- o SERIEN T A2, FEMRERIE PR E
VERIM.  PeEBet o 4 A o I g I SR BERE PT ) Y2
BOR N B E ERK ®12, 2 5MkEHE R4
B RRE RN R 5S35 TNF- o S840+
B A B B R VAR DL R G, R SR
MAPK JE A5 S AL SIS AL R, T AR
SE AR R 4, AR PR B AR e R
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PSSP AR AL 2t BIE3A A IR AE (7] — -t
FIRERILH AR SN, AR S g i) T
JoRhE . ASEE T LI RNAL R FE TSP-1 &
Ik, WG T RRERAESR G, [RIEHASI 20 R RR 1k
ERK 18 %75 1k, 275 ERK 18 #0410 ) o] f &
TSP-1 /- S MEERE IR 1 43 T 2 —.
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