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Abstract

AIM: To study the role of glycogen synthase
kinase-3p (GSK-3p) in the pathogenesis of acute
liver failure (ALF) induced by injection of D-ga-
lactosamine/lipopolysaccharide (D-GalN/LPS)
in mice.

METHODS: ALF was induced in C57BL/6 mice
by intraperitoneal injection of D-GalN/LPS. Ani-
mal experimental groups included control group,
ALF model group, SB216763 pretreatment group
(SB216763 in DMSO, i.p, two hours before the
induction of ALF) and SB216763 treatment group
(SB216763 in DMSO, i.p, two hours after the in-
duction of ALF). Phosphorylation level of GSK-
3B was analyzed by Western blot. Serum levels
of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were measured to assess
the liver function. HE staining was conducted to
analyze histological injury. Inflammatory gene
expression was detected by quantitative real-time
PCR. The expression of apoptosis-related protein
Caspase 3 was detected by Western blot. One-
way ANOVA was used for pair-wise comparison
of means of multiple samples (homogeneity of
variance with LSD-t test, unequal variances with
Games-Howell method).

RESULTS: The phosphorylation level of GSK-
3B decreased initially and then increased in the
progression of ALF. Inhibition of GSK-38, either
by pretreatment or treatment with SB216763,
could improve liver function (serum ALT and
AST levels decreased significantly, and there
was obvious improvement in liver tissue injury),
suppress inflammatory responses (inhibition of
expression of pro-inflammatory cytokines, such
as TNF-q, IL-6 and IL-1B, and promotion of ex-
pression of anti-inflammatory cytokine IL-10),
and reduced the expression of apoptosis-related
protein Caspase 3.
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CONCLUSION: GSK-38 is activated in D-GalN/
LPS-induced ALF in mice, and inhibition of
GSK-3B activity can improve liver injury by re-
ducing inflammation and hepatocyte apoptosis,
GSK-3B may be a new target for the treatment of
ALF.

Key Words: D-Galactosamine; Lipopolysaccharide;
Inflammation; Acute liver failure; Glycogen syn-
thase kinase-3p
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Fiik: VACSTBL/6 N R A BT %, JIIES
D-Z2 & F /5 % Mk 2 R E BT ST %
SHAER . S L3 o4a: 3TIR4, F R KA
FBAER L, SB216763F FRLL(EALF2 hiFg
E4T), SB21676374 97 tA(GEALE2 hILE 2 4T).
Western blot#a ] A ik 28 22 G SK-3 B AR B AL 7K
-, Al fe 7 4 R B(alanine aminotransferase,
ALT). RINABRAKLEH B (aspartate
aminotransferase, AST)#FMIF IR a, ILEAF
JiE 28 22 % B2 AR BT ARG H 0L, 5% B R
2 B PCRK A M I IE 28 6, % g2 B F 2L B Rk,
FHAa ] 8 A8 £ %% @ Caspase 309 7& R, %
LEFE AR 34 J08 ™ 7 Kb A R A One-way ANOVA
D (F £ FH RLSD-t e, 7 £ R 74 A
Games-Howelli%), P<0.0574 %t 5 & L.

ZER: Western blot% R 27, GSK-3p£ &4
I 3% 5B i A2 P B B AL R T L AR GE LT )
J& BRIt & @R GSK-3BFE L, £ibA T
G TT AR EAT I fE (2 FALT. AST/R
BT, AFASRERYG U BRE), 5F
B A ) KA BB [F AR KB T AT % 3R s B
F o(tumor necrosis factor-o, TNF-a). @/~%
6(Interleukin-6, IL-6). IL-1p& ik, f2itdi X
BFIL-103 & &), FTHRKATHXEEG
Caspase 3 & iX.
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1.1 A4 {3 & CSTBL/G/NRR, 8-12JA%, 1A%
#18-25 g, W H HEFE =R, bRt R
WEICHT A SR, SRR 12 hAISEIG A 2R 6, 3 i
K, GSK-3BHES A HIFISB216763 04 H 36 [H
SigmaA#]; p-GSK-38. GSK-3B. Caspase 3.
Cleaved caspase 3% Pt R . ve FEHTA DL BRIk
A (HPR)MBIBE ) 510 2w HUA Y I B
FHECell SignalingA #]; B-ActinPiAAIE H 3 [
Santa Cruz/A#); ¥tk 2% & GIRF & B 3¢ [
Thermo/A &]; % H &€ &5 & H 2 [E Bio-Rad
/>, SuperScript 111 Platinum Two-step qRT-PCR
R A S A TRIZolIA 1 W H 2 [H Invitrogen 24 7).
1.2 ik

1.2.1 A 65 5 CSTBL/6/ UK v 41 D-
Z I FLPE(700 me/kg)/ R L HE(10 pg/kg),
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HPRT 5-TCAACGGGGGACATAAAAGT-3 5-TGCATTGTTTTACCAGTGTCAA-3

IL-10 5-ACTGCACCCACTTCCCAGT-3 5-TGTCCAGCTGGTCCTTTGTT-3

IL-12p40 5-CAGCTTCTTCATCAGGGACAT-3 5-CTTGAGGGAGAAGTAGGAATGG-3

TNF-a 5-GCCTCTTCTCATTCCTGCTTGT-3 5-TTGAGATCCATGCCGTTG-3

IL-1B 5-TTGACGGACCCCAAAAGAT-3 5-GATGATCTGAGTGTGAGGGTCTG-3

IL-6 5-GCTACCAAACTGGATATAATCAGGA-3 5— CCAGGTAGCTATGGTACTCCAGAA -3

D-GalN/LPS BT AT I 5 S RN A I i 1 45 1 oL

Control 1h 3h 6h RNAFI¥; 18 F SuperScript 11T Platinum Two-

D-GSK3[ jume i o o o ——

GSK3B | — | — — ——

B 1 GSK-3pEZERATSHRBHEDAEEZ.

SB2167637EVE S D-GalN/LPSZ HiEk 2 52 hiE
U, WREE NS0 mg/kg. BEJGAEAN A (1IN R) £ AR A
7N BT I 2 20 R b

1.2.2 320 AT GSK-3B7E AT R AT 32
v Rk R R Rk, BRI 0. 1. 3. 6 h 4
AN, THSEEG o JARET2 W52 h 24
WA, TERE6 habJb /.

1.2.3 F4a & a2, R E N Z % Western blot
ol BUN BUFH 227100 mg, SEEIE 1 mL
AR BRI, VKA T 75320, SR Tk -
#4530 min, 4 °C F12 000 g&[»5 min, [Bio-
Rad D A/ M FLAR VLI 2 b b 2 ik
e HARSEAE 0 B T 3E1T; Western blotting:
EWTR: B60 pnghfBEAZUE A AL, AR
IR (T ER80 V, 8 AMarker LUK 2253 3 1%
JEN120 VREEA RS2 E) HABRCE
IR AR, 30 V. 4 CRER R —Hi -
1 000% R )4 CHF B A& —Pt(1 © 2 000F5 k)
WIFAE 1 he TBSTIEDE3 K, HUA = 11 5k
RGN AR B IRV A J5 I 5 2R A L0
I, F .

1.2.4 AW o den KA 4 syt
2E AT TGN 52 I3/ %% %4 B (alanine aminotransfer-
ase, ALT). K[ &Rz I I (aspartate ami-
notransferase, AST)7KF-.

1.2.5 B A &AW aE, U)FHER A,
Jei WA ISR I AL U A 1 1oL

1.2.6 £y BF %o k2 FPCRAEM: i
TRIzo IR AU AEH LM RNA, AR %

step qQRT-P CRIAF & 75 licDNAZE —4%, bifi fi5 13t
AT ST 50 5 S PCRASIN, FLAARER A Fe 1 7] & 1l
S IEAT S il o 40 i 28R R - S L5 1) W3R 1.

Geith 0B P B R S B £ bR
(mean+SD)#7~, HISPSS13.0i3H 7T Hdl db 3, £
YREATHL P 5 LR F One-way ANOVA %)
Wr(J5 255 # FHLSD-+A0 56, 7 2 A 55 3% H Games-
Howelli), P<0.0545 45 it-2¢ 55 X

2 R

2.1 GSK-3RHEMAETAN KITZBREFHE
M E A Western blotgi R 27x(El 1), SGSK-3B
KA B R 28 M v S 1) OGR4k, R
GSK-3BE M 22 G MR a5 B R AL 7K 17 A% J
1. 3 hFRARGEYETE ), HAE5E6 hisffR i /KT X
FOB TH i O PERRAIR), 25 R WG SK-3Bi% 1%
A P 58 P30 v v (0 PR R S IR ), B R
993 ) E g 3 P P O PAIR.

2.2 3 GSK-3P & M & & AT AT %38 /N &
89 1T Mo A TR AL, ARG him, /R
THALT. AST/K 435122 195.3 TU/L £450.5
TU/LAI3 705.3 TU/L +632.8 TU/L; %t FSB216763
T, MEALT. AST/KFE20514961.1 TU/L
+356.0 TU/LA12 709.9 TU/L+423.9 TU/L, 5fi
AL, R AFRENGIH ¥R W T
SB216763¥97 4, IMHEALT. ASTAK 4354
1491.2 TU/L+622.9 TU/LFI12 274.5 TU/L+651.0
TU/L, SR L, 72 5t HA W8 g vk 24
B (E2). Bt TEie T RAGYT, MHIGSK-
3B S A 2 5 B TR I 98 S v /) Bl ) JHE
Dife.

2.3 #HGSK-3B7E P 42 & AT KT 338 69 9%
AR E AN BT IEARRE &, S,
FMCIT, BZHEF, HEQ O BRI B2
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2  HIHIGSK-3p5E N EERIATEFF=IB/NFRHVFAEINAE. 1: Control4H; 2: DMSO+D—GalN/LPS#; 3: SB+D—GalN/LPS

2H; 4: D—GalN/LPS+SBZH.

3 HDHIGSK-3pE MR R ERAT R A RIB/NEAVRIBSIRLE. A, B: ControlZll; C, D: DMSO+D—GalN/LPS4; E, F:

SB+D—GalN/LPS4; G, H: D—GalN/LPS+SBZH.

SERITEHE, R . IRBE S JE 4N M 55
D-GalN/LPS#53 BRI 5 JF 3£ 056 h, #55fF/)
M ISR 2R AL . AP IR AR Y L 40 Y T
RNAEAN B, o WoRHIAZEX . 451 SB216763
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W@ 5 F M Control D-GalN/LPS SB+D-GalN/LPS B [l o GSK—3B?’£D—G31N/LPSE§§‘—/J\ BB 7R
A X VAR R 8 5% , s . -

By kR iR Bl — PR P A R A A B AR A

AR, kT,
RETIE. AEIF
4 W R A 1A

Caspase-3

b

m

4 HHIGSK-3B5E 4R (K Caspase-3iE A HiCleaved
Caspase-38IFKiA.

Cleaved Caspase-3

B-actin

2.4 ¥ GSK-3BE b At FF IR K 55 K 49 % v
RT-PCR&; KW, D-GalN/LPSiF S (1 & PEAT
T VR A AR 201 T T A2 A 5 TR TR R B B 1
o(tumor necrosis factor a, TNF-a). [/ % 6(In-
terleukin-6, 1L-6) IL-1p3&KKIETH =, IL-10
Fik BT E; M GSK-3BiT T T F4LI 4140
TNF-ou. IL-6+ IL-1b[J4IA B BB, [R]0 (e i3t
PR FIL- 10/ B R s kik, I H =R R
Guih 2 L 4). ZT IR G SK-3B75
3 9% D-GalN/LPS FIT 850/ BT 28 JE S .
2.5 ¥4 GSK-3BiE AT 4m i A 89 % v
TR AN G SK-3 B PR /N U o 4
P, AT A T R Caspase-3
JIEVE v W i H R A L. 45 IR R,
D-GalN/LPSi% T i) S H 3 i #8416 hivf[a]
Riff)Caspase-37i Pk F HiCleaved Caspase-3f)%
KT, TR 4 B S R T A T
SB216763 1 T4l 4 i 2 #H LE, Cleaved Caspase
3FRIEPEAR, VWA AL b A 40 2 4n a9 1
/> (1815). PIAIT 9T 45 ARG SK-3 B P41 il
A IHID-GalN/LPS 5 5 [ - 41 M 07 1.

3 1iE

B DG PSR -3 0 — A 22 B IR 95 S FR S Ve,
] ARAE TR AW, WFLE AR N R IAT2
FPlE A : GSK-3aMIGSK-3p, EANFRIIZLUh 4
AN )53 A FUHREEIN A GSK-3B F 2Ty fig &
PR AL T B J5i A BB (glycogen synthase, GS)FT
i 2 R, JERWTFTRW], GSK-3B7E 1141 i
W SRV EAE DT R AT A
H HAEF 40 b RF Rk, JERIFTUR M, %
Pt T T 1R G AR 22 JER A T % 1 A PR R B
T, YT JENRE J N S TS, AR R
Jl NG . 4N o R JERE I NPV i
D7 By A B A, JA 22
L2 UE B G SK-3 BN PE 1 71 78 /1N Bl HE I At of -
VEGEBT P R A AR RN AT BRI o 4

AWFF 4R oK, /ED-GalN/LP S5/
e 2R 2 M S v i R, GSK-3BEIR ALK
TEBSE 1 3 hEH B BTG T, @RS
6 IR Ak 7K 7 SO I T vy T 9 I FRAR, X R
G SK-3BvE M1 LLBORE 41, ] g e 3 28I
U TR A AR

G SK-3BE4H M I8 10 9ERE S N R 3 1 15
PRI G SK-3 Bty 1 18 a3 ok 1 47 h I
TS SRR A YL T SR AR T 1 i g
P GSK-3BEPESG g, R T — 22 2 40 fu Al
T, Blhn: IL-6 TL-1BFITNF-o; %5
11, GSK-3BEPEIG s A8 T Hi K K1 IL-101)
PR TG SK-3 B I E R u b T %
A FIL-6. IL-1BHMITNF-affy 43t B30 7 #t
R INFIL-100477 45 b nT LAAfEDT, 40 GSK-
3Bk T e T 0 ) A SR A R T, %
D-GalN/LP S5 3/ bl 8 28 JH 3ol 21— g
a7 AEH.

BAT T AL R W, G SK-3BIE T
AT LLR o /N BUFFIE S g, mT LACSGE /N BRUFFIE
o B AT, T AL 98 A F TNF-on IL-6. IL-
1BIMZRIL, AHRAEHEPTR K FIL-10/ 583k, 1Mk
S JEF U PR 98 85 (] IR DA ARG 1 20 2 1
Cleaved Caspase 331k, FATTHT LAl H HE W, 61
GSK-3B3E Py DA I i) 9 A s A4t 9 1,
K es AT IRt e I AT A5 52

B2, GSK-3BiG M /ED-GalN/LPSiF 5/ il
A 58 JH 3 vy vh R B TR MIHIGSK-3B
T ERTD-GalN/LP S-S/ bl 5 3 JH 56 2 v adf
AT, RTIER JFF I 98 S5 R B 473, 40
MM T, SCEEDIEE. Rk, FIGSK-3BE
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