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Abstract

Liver injury is a complicated pathological pro-
cess caused by multiple biological and chemical
factors. The repair mechanism after liver injury
is the focus of liver research, involving numer-
ous signaling pathways, cytokines and transcrip-
tion factors. Signal transducer and activator of
transcription 3 (STAT3) is a cytoplasmic signal
transcription factor which belongs to the sig-
nal transducers and activators of transcription
family and plays a critical role in the process of
liver injury repair. STAT3 activation boosts the
process of liver repair by promoting hepatocyte
proliferation, maintains homeostasis by regulat-
ing metabolism of carbohydrates and lipids, and
prevents the liver from bacterial infection and
acute liver injury induced by toxic chemicals and
drugs by increasing the expression of beneficial
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acute phase proteins. This review focuses on the
composition of STAT3 signaling pathway and its
role in liver injury repair.

© 2014 Baishideng Publishing Group Co., Limited. All
rights reserved.

Key Words: STAT3; Liver injury; Cytokines

Chen XL, Meng Q, Liu KX. Role of STAT3 signaling
pathway in repair of liver injury. Shijie Huaren Xiaohua
Zazhi 2014; 22(8): 1051-1057 URL: http:/ /www.wjgnet.
com/1009-3079/22/1051.asp DOI: http://dx.doi.
org/10.11569/wcjd.v22.i8.1051

%

I 545 2 & F £ ) BALF B 7| ARG AT L8R
TR IR G 6915 5 TAF— AR
REFFF 7009 & 8 R %, EALE 3 RF S 155
. mieR TR R T, minikFT Aokt
F AT 3(signal transducers and activators of
transcription 3, STAT3)Z 2w it 4% 5T Fe it %
T RAE(STATs) ) — R, AAL T Ae/m A 4913
FHFIE T, LFFRTAIL, STATIW#E £
FF 545 a5 5 A2 b R AR F 2AF R, i@ 48t
BT tm B3 58, Ao B A5 AT RS B ik . 8T f
W HE R B R, RHAUK AL, 18
BT R AP M B I G KK, 3 SR AT Rk X
W B, AT M IR BT M - Be A AT R
W 6958 1. ALK ISTAT3 A8 K A4S 5 18 5469 H)
R, PN T RANF A e 15 TR — 43R

© 204N DB B BRETBRATATE
KT STAT3; FF85i45; 4R+

BORMN AXAEEANBT@REF T
Sk &ALF3(signal transducers and activators of
transcription 3) &M Hi4% &t 47 # 49 E-ZAE A, 6,
HEARHAT 0 G TA, U R AR R R AL R AR
H 5% AT 22 4G 09 PR AP M S B R

FRIRZR, Fh5R, XIT¥. STATIISSEEAMRINIRPOOIE
FB. HFAENMLZYE 2014; 22(8): 1051-1057 URL: http:/
www.wjgnet.com/1009-3079/22/1051.asp DOI: http://
dx.doi.org/10.11569/wcjd.v22.i8.1051

mi % 5% #
GHapl A, BB
FREFHNE
1% M A5 45 69 &
FET TP
R A, B/
% )E MR AR S
Y AP VA BT 4m
A A
T i e AT
X B XS
TE. mMAH T
F otk X ENT
3(signal transduc-
ers and activators
of transcription 3,
STAT3) 2 4m i 4%
FF R ER
F R 3% (STATs)
9 EERR, B
45 VLR R =R AR
# T X ik N 2 e
BN, ABL5
A E Y HFI
., ElAELE
5B RERE G
B X #%JAK (janus
kinase) & B, A
JAK-STAT3id 5%
HXALaA
#-6(interleukin-6,
IL-6), @ oo j% 37
4 B F (leukemia
inhibitory factor,
LIF) % e sh 12 5
2T R A
[EEERC v 4
FAKEZFNGHR
BT AR Ly
RE, R
& I, STAT3 ¢
HHE SR ) 0 R
WS A A2
TR A,
N BDA S
ERA LR

W@ T E A

&, RAEEIR,
NEFEFRR
F E A8 A

2014-03-18 | Volume 22 | Issue 8 |



1052

ISSN 1009-3079 (print) ISSN 2219-2859 (online)

R ) OBIAYE 20148E38318H 55225 55841

WAL A 0%
STAT3 & A8 % 12
5 i@ BT 4R A AE
R g duhl 2 B AT
FF B2 B 5 84 2 5.
o A4 38 3t B AR
X @A T AE
%, % FSTAT3 /£
A Je I RE P
#EERKZAWN
AT EAF 52 P #7 69
75 6.

(49

TEE
Jaishideng®

0 51

WAk, BAE AATTA TG KT R i LA SO 254
(10 T A, T 453473 1) s 2R I A 3 i, e T
JHAR AT B B8, I RORBEAT SN R YT, 1
o FEUN A4 R, e T BUR IR 32395
ERBER. e 4 R 5497 J T O A R85 PR AR AR LA
S A i R AR AR B O, SRR e 0 S TH
JIE P 2RO CCh 2 A BT R R R —
41 ffu e T 7 VG 3635 4 73 (signal transducers
and activators of transcription 3, STAT3)/F 3 41 fif
B T N ST K IR(STATs) ) — i, 5
WE 26 R 55 k% D), e M B AK-S TAT M 2% (1) 5
B G T, I 2 Bl N T A O A
SCHRTSE R R T RO L], 40 A S R o
T T S S DA AE T IR VE T, STAT3 )ik
ANE T, A6 HO STAT3 ) AR AL IS — 25k,

1 FF5A

JHEJE A N AR B KA 8 B, $H A7 N AR 2
LB EE. H R WA 2R 2 3 A 4
JH R RE A0 B el Ay A A 3 30 AR ) 1 A5
PiVA e 25 T 73 My ol £ 1 4 B AL o
VERF 5. i), L0555 3 2 kT
P03 5 g e E AR SR R S I S s 5 4127
(United States Acute Liver Failure Study Group,
USALFSG) A A 9 B B, 290 S 104
O BRI R 150%™, btk 36 [ i
2 B 21 RN (U.S. Food and Drug Adminis-
tration, FDA) V& E AT, BLIOFIREN. LIRS T K&
i s 270 1 3 b 245 40 A B A 00 2 ) JHE I 3
—E B FIR T, H AT B AR 2 M I
AR 22 HLAIATE SRR 0, A SR AT ANESE b P 2%
IRZE: I NEREE RS R S Je i, — T
I, BA LY T AR N S, TR
M E B BRI IR R T A AR,
IS8 B Ll Reksg . g Fid %4k, DNA
Bi0s SR N A, A SN T
ofs 55 35 LR JE Ty R G, AN T 5 AR JH 4 g 2
T2 G, T4 R Rk Ok T4
WG RNE RARAGVE e S, 3 B0% 9% 96 40 i
(Kupffer cells, KC). H #4541 ffi(natural killer,
NK). H2R AT M (natural killer T, NKT)%5 %
T A L RE T, X 46 Gy A1 0 ek 7 A Al A AP A
TRy A TR T, BE 2 i A N
JF IO P4 45,

WCJD | www.wjgnet.com

2 STATs
STATs/&Darnell''7E 19944E 0 55 Tk & 15 518
P I R LI — S M SR S K. B H TR
1E, EAY R BIL R I JLR S TAT 5% Bk
b, WP R s h £ EAFfESTAT1-4. STA-
T5a. STATSb. STAT6 7H 3= B AP(E ).
STATsEE 2 (5 T4k T 1, MORFSEH T, [FINb
J2 1% A TR B U AR I 52 A 5 i 1 TR 2 A
BGRAy, EE R A R A T K T AK (janus
kinase)flI, LIJAK-STAT(S Sl X2 5
{55 AT AR

STAT 3 2Ly LA R 64> 4 F 3l i) il Ny 45
3. Coiled-coil&ifdl. DNAZ AL BREE
B, SH2GE IR S Im A 25 bk 1), 3
S H2 25 KA f5 b O S R EE L () g Ak, I B
1170557 T 2 R (1 o R A0 AE S TA T3 Jl R AR K
TR PR A A A L L C P A S A 5 A 3
WA S 2 SR A O A, RS B 22 R
TS AL, 2 5 B STAT3 [ 36 s 3 P 4 v 7

3 JAK-STATEBEEET AT
JAK-STATIE % i1 — Z 51| 8 (SR AT 4, 70
IHFLEN I HIAK KR AFEIAKL. JAK2, JAK3
FITyk2 407 B>, fEm FLh 4, JAK-STAT
T % 2 AR 22 0 P DR B A K R 11 B Y T
e, CAN M. k. EBAPET P R R
BAEH].

JAK-STATIE i 3 2 LLan T J7 AT 75
(WfE 5B T TR 5 52 Ao (BORIB) W S &5
&, BHE o BB R o, B y = E A
JAK S B2 AR T30 73 58 5% X Box 1 45 45, A2
R Cui s 2 R IR IL IR Ak, T L I 1 1 2 R o7
TG STATHERR AL, (2)STATIEAL: STATHH
B 1) 5 1 S H2 45 R Rt T A T S R e 26 T Jl
AN PE R AK; (3)STAT H i Jik 1 k% A #5437 :
TGS TAT — SR A4 th M 5% 1) 4% A 4% 47, SSDNA
FEEFA g4, WMiEEERRIEA, STATSDNAZ,
G T A G 22 G R T B4R Tk A 1 1R
X, T RE I 22 53 4IRS 1R B I (MA PKG-
nase) 25 i R AL 1 (1&12).

4 STAT3

STAT3 I 4 i JE DRI T+ N 228 1745 J& £1 4k,
STAT3 5 ) S| HL B0 FIA3 U Ay g B DA, 2 i 4
A 5 A SR S BEY f. BEAE XS TAT3HF ST
AR, B0 RIISTAT3 BA B & Pt

2014-03-18 | Volume 22 | Issue 8 |



[RIRER, 5. STATIIS SBSAATIRIDIRIPPOVER 1053
@ Wi £BHE
Inoue ¥ AF % %
NSRS, | Coiled—coilZfifi | DNAZERES | #2586 X | SH2AE R, EES BV SRR K, KA
STAT3 3 B ik
DR AR T A

B 1 STAT34EA.

il

2  JAK-STATBIZAT AN IL: B
IE; IFN: T3, JAK: Janusi#lE;
STAT: il S AT

lianA

STATs HEXEERHERF FFAECPAER
STAT1 IFN-a/B RS

IFN—y PR, FEARBTER
STAT2 IFN-a/B FIR=IER

IFN—y(IL-28/IL-29)
STAT3 IL-6F0MEX MRS RIEHI/A

IL-22 AT RATHRIPER
STAT4 IL-12 NERRIERTRD

STATS HKEIERE SEAEHEE, SKESAEN

B AHEERENET

STAT6 IL-4 R TR
IL-13 RN TIRG

STAT: MRS AIESEN S 1L BNE; IFN: THE.

LA 220y 24550, B B — R 5040 A7 s
ST AR OCIE A2, S /R 45 STAT3 1 g 41 4%
AN IR N AR ME— B A AT B ¥ I 1)
2 B BT R P AT T2 EH.
Bt 5 1) 22 E AT 9 A B, STAT3AEFFAE Al LAk 1
4 %-6(interleukin-6, IL-6), [ L5753 A 1 (leu-
kemia inhibitory factor, LIF), IREMRHZE 55 K 1
(ciliary neurotrophic factor, CNTF)%% 41 Jitd X T4
I, 3K SR BUHCV NS5 AFTHBX 26 )T 48 99 2 1
)R B B0 I T STAT3 [ BE R AL, 9 T4
HME 503 1At N A1 AR T G B A DG SR R
%%ji[ﬂ—ﬂ].

(49

TR

Baishideng® WCJD | www.wjgnet.com

5 STATBFERHRIPPNEZEA
STAT3{E Ky sk R 1 KGR — A, R B AT
Bcl-2. BelxL. Mcl-1. FLIP. Ref-1. Cyclin
DI c-mycSFHERI R B, I 4K, STAT3E
JHCRAP o ) B LA O i o B, Aok,
FRIAEIAN T (1)STATI IS vl LA RE T
P05 J5 I 40 P A 5 (2)S TAT3 4 5 T i 4 1
5 R NG AR W R 5 s (3)STAT3 I S I 2tk
S

5.1 STAT3 893k T AR BEAT AR 45 )5 AT 4m L6l 38
75 FHENEAE 52 BI85 5, AR AL 2 2R ) P
A TSR I Dy fie 2 K EEE. 19954, Cress-
manZ5P R I, #2530 min, STAT3 5
DNAZE &R ) P, JH7E3 him ik BByl
30f%. A R, STAT3 RS I K- JH-40 o 2 10
G 1, 17 A7 JH- 20 B A S Ay 78 0 I ) 5 ik
TR ISFI A BE2E. RS, RNASEA
IR, Lis5R i 1S TA T35 AR /N B A Tb-
STAT3fUFIR IR, 4STATIFE BRI, 535 i 48
JRBELE A% (5-bromo-2-deoxyuridine, BrdU)#x it
B/ U0 M 2500 0D, B Alb-STAT3 (Y
I/ BUTF 40 lEDN A& R D 9659, 4 M1 5 B
WLz, HG 90 A 3 K% CyclinD1 R IA
fIiX, Cyclin EGIAINAIREIR. 53— J7 i, STAT3fE
st hc-myc. cjun®E RN FRIA, WA
K Mc-myc, c-junif i INK/c-Junid 175 5 41 it J&]
W1 0 GV 171 G 9120 2% Jan b 40 P J) 39, T) B J8

R B R AE
RS, B
Mo By F AR K
ES A HSTATS
EME LR IR A
#AxCASTAT-3C
&, M By EIRIRE
KM FE, BT A
XKW PcklFo
G6pe R LY & 49
Ak,

2014-03-18 | Volume 22 | Issue 8 |



1054 ISSN 1009-3079 (print) ISSN 2219-2859 (online) THFHLAMLZYE 2014038188 5225 88
[ LIRS A Cyclin DIFRAME RGN b gE ", Fakgh e QU b 903 200 £ . T 0 B o £ Qi 35 L

AL E MR
T B A AR,
STATs R #% 4 AL,
STAT3 %9 A A M
Fa st M, 1E
W
FHF. FEWR
T STAT3 5 if 4%
PHX R, SHER
Ay bk —F 5
M T STAT3 % #
AT 4% A7 4E R 69 AL
B, FHEE TR
BTG MAE
T &L

(49

TEE
Jaishideng®

B, M A AR I, — 5 THT, STAT3ZRIA N 2
PE_EiRIF A S5 DNARIZS &6 iR, o — 7,
STAT3H F2 3 M) B s 4 i J4 3 2 Cy clin D1AI
Cyclin EFRik, Mntha Mo 227328, dwad vy i
SR 1 A2 B 13497 05 1 JHF 40 A e

5.2 STAT3 443 I e 4 -F- #5 2 fg UK AE 2
I RLAAS fi6 P07 BB P £ i o 2 v b T B4
FH, I 8 300 Jo W i R 80 B i S 2 A P 4
MURE P-4, S RL oI, & el MR &
JIEL ] 25 o R g AR I R . ML 2 %
HRIRF, HE 40 0 Tk 5 3252 RO RS2 4, e 3
HCPCREIR W L EE. [RTINF, JHF20 B A 2 B 5
B DRI 7 KK RAR, B 57 2B A T 1 e, A 43
W FE L0 TH i, SR AA Py T,

5.2.1 STAT3 &4 X H-F 4 51K, STAT3
B 410 T AW S 2B 1 P, O o B 3R BUE
AR, 20044, Inoue 5 MKt e S S TA T3 L 4 i
B/ Bl (L-ST3K O) 5 87 AE /N BUAH LR AL, 1E IR
AN IR IR R BOR R), AH R 5% 2% 9K 5 1 2 O
T, K A S B S S R S 36, L-ST3KO
/N BB VR 5 B R ) e I AR L. R W
L-ST3K O/ SR B A /N B B 17 1 b f e B 3%
HEBUEIR. XTL-ST3KO/ i i 77 7 STAT3 3% 1%k
LR 1995 5 AXC AS TAT-3C A% LA /N B A4 Y
e 263 Ja R DL, /N B It R i e ) 29K
WA S B AT, O LB S 4 5 K1 1 s T A T P Y22
FLW 125 Kl (phosphoenolpyruvate carboxykinase
1, Pek 1) FI71 % % -6- 1 B 55 8] (glucose-6-phos-
phatase, Gépc)KIFRIEW] W T M. Pekl FGepekk
DR 2 M S A SR IR . Pk FE R s F B IR A T
A P R W, i W S A A A T O 0 B AT
() L. Gope I DR 4w it 1 6 B -6~ R . 4 %40
-6~ Tl TR g 4 A D o AR S 2B (R e s — 20
IRAT . A B S 2B A ) S O B R T R AR
FHWVER. PRI, 4T IEH /N R
25 B T KR SR IR B 3R BB 15 P STAT3 I B IR
1, LEIFIE S SRS TA T3 B8 /S o, 15
SR K 2R A B IRV D99, R WIS TAT3 {2
BB S A R (1, ik — 25 30 AT
IR . Rk G R W], STAT3TE4ERri4
PYBRE ST o R R AR RVE T, BRI 54
bl AR I R Pek ] MGep e IR AR RE B 5 2%
LER i P 1 0 B AR HAE K R,

5.2.2 STAT3 & & AT 20 BLRg A HTFIEAE
Tl 105 1 J A0 i 28 11 B B EA) 3 BT, A g R

WCJD | www.wjgnet.com

I, B SR, AT B2 IR £ 1 23 il Al
JELYT R 5 B3 AR AE A R 22 i JHE U 2 1 K 25
AHLRERRERFCY. H AT R VL JE BEX S fA (farne-
soid X receptor, FXR), 4k F IR X% & (retinoid-X
receptor, RXR)FFEZZ A L Cyp3 A5 T IR &
B 2 5 I m AR B . A WE SR ],
IL-61% 3 IISTAT3E % vl e 2 5 26 i f5 1
JHRE NG A o R v K S T IL-6RENS 5
et I AT OR B PR U i = 5 0 s S P AR
TR B-4A T L. Al FH M ZLOG (5 R I, TL-64b HE
10 dJi, e AT RS 0B IR F 56 K g 0l 3 W
BRA, FTIhRENER . R SR, TL-66E0k
26 P PP (S A, BE— 2B RF ST & TR, 1L-6
AbFR G, IEH 2 R P S TAT3 IR M 4k & T IR
JOB/OB i, i HHSTAT3 Ik IR Ak 15 JHF I 1)
Jlg BHIACH 2 [0 BAE IR R SIS
W, e S P A T (0.8 TA 773 356 TR e N AL A 5 11 A P
R ARG, 9% 20 L A B2 AR K R (vascular
endothelial growth factor, VEGF)Z 1A {1 1E ] JLT-
SEATH RL VEGF o] il A 40 i A e 44k
MVEAC, L0 AR R v T A o A 1) e 2R A
HORFEE AR, AR IR S HE N 40
H, PRI SZ 5 A2 AR T AR S 1)

5.3 STAT33 3 I IE & M0 BUR SPE 30] Se J3 J
MNEZ BEG . AL TR R A KL
G B IR 5 I U S AL AR P 7 Bl B AR T R

WIS, AL 8] A (BN I 2 5 HD LA B
A B R A D TR, K R G ek
A0 O, R A A Y ) Y A
AREL K 2 B A TR 19 G 4 2R P RMA R
F3(ceruloplasmin and complement factor-3, C3),
2545 B 25 M (haptoglobin), C- = W £ [ (C-reactive
protein, CRP), i JE# # [1A(serum amyloid
A protein, SAA)SEHEREHIHILH A, P LA
WIREEAR A SR E 1, A8 H R 40 B J
W) ot N 25400 5 B0 S IR A R A%
=AY Alonzi®%E U IS TAT3 5L H 1k ¢
PERSFR /N UM X+STAT3 fI/£15 56 41/ B Ee
I, TELPSUAIL-615 3 (1 Sk 01 S i i Fe v,
C3. SAAZEQMEINEAIEMX+STAT3 fI/fI/)
TP RE W AR TS AN B STAT3 5 41 g k% A
T-kB p65IH(NF-kB p65, RelA)fHE K 5845 /)N
BRUrr, JFF 98 5 1 1 JF A S 300 s I8 L A s 0,
BE— WU I, STAT3 @ B & ) W ook 5 K
ZHEVEI R AR 5 - X A5, HE

2014-03-18 | Volume 22 | Issue 8 |



FRIRER, 5. STATIIS SIS RIHRPHIER 1055
TR R IE IRy, B2 4, STAT3IE RGeS AEA, phocytes. Mol Cell Biol 2005; 25: 5456-5465 [PMID: W% B £ %
\ " . \ R \ 15964802 DOI: 10.1128 /MCB.25.13.5456-5465.2005] STAT3 T e 4 4
T % = j— . . g : ‘
RV R AR R R T TR 55 T 7 Murray PJ. The JAK-STAT signaling pathway: ﬂ‘ﬂ% R AR
I 40 2 M B B TR AT I 3 S %4[51-53]' = input and output integration. | Immunol 2007; 178: S ek, it 24
. L . 2623-2629 [PMID: 17312100] #EJAK-STAT3
9% ) Ak | A7 . .- N
R jLi% EH, STAT?’&H%HJI ik Iﬁ ’H&W E/JTL 8 Ostapowicz G, Fontana RJ, Schigdt FV, Larson A, ’ﬁﬁg‘ 35“? T’Z 2,
iy ORRE LA R Sk T B (IS Rk v R S Davern TJ, Han SH, McCashland TM, Shakil AO, 72 FPIE4Rf5 12 &
ST [ Hay JE, Hynan L, Crippin JS, Blei AT, Samuel G, g;éﬁ kil ﬁfj‘gi"“z jg
Sl ’ Reisch ], Lee WM. Results of a prospective study of 2; j éﬂ:‘f‘i; KRS
acute liver failure at 17 tertiary care centers in the il
6 &t United States. Ann Intern Med 2002; 137: 947-954
. s . [PMID: 12484709 DOI: 10.7326/0003-4819-137-12-20
STAT3feE AL IL-6 K I 40 L I8l 1~ TL-22 Mk 0212170-00007]
AN Z AR T R EEANE. 9 Hunter EB, Johnston PE, Tanner G, Pinson CW,
, L N Awad JA. Bromfenac (Duract)-associated hepatic
By A 5 = S
i PC I S TAT3AERF ORI A A 4 2 (1 4 failure requiring liver transplantation. Am | Gastro-
L : R i entero ; 94: - : :
H, FERIAE: ()E 0 HVIBR G, STAT3HES 1H 11999; 94: 2299-2301 [PMID: 10445569 DOI
N S NN N N 10.1111/§.1572-0241.1999.01321.x]
LR kB, EAERI A T I ACY- 10 withdrawal of medicinal products containing eb-
clin D1 }Cyclin Eff)3iA, JA¥40 M 5 11, {2k rotidine: liver toxicity. WHO Inform Exchange Syst
4 vas 1998; 72: 1
. b =1 R R ! 4
E*%H@iaﬁﬁ, (Z)STAT3E*E&HDE1JQIQTQ$EEP’ 11 Kohlroser J, Mathai J, Reichheld J, Banner BF,
S 0 5 B AR T A SRR L SR A Bonkovsky HL. Hepatotoxicity due to troglitazone:
N - f two cases and review of adverse events re-
} B8 o S p 7 report o
KRR Pek! $DG6P CIRRH S AR ] i FEA L ported to the United States Food and Drug Admin-
B LA A B Iy 28 KT Rk () Il ek istration. Am | Gastroenterol 2000; 95: 272-276 [PMID:
75 < / e A e T 2 10638596 DOI: 10.1111/j.1572-0241.2000.01707.x]
jJD éﬁ[ﬂ] H W &/EE‘[K A Eﬁ%ﬁﬁﬁﬁa& = )HHH_: 12 Blazka ME, Wilmer JL, Holladay SD, Wilson RE,
NEBACHE; (3)STAT3REW 1Y sk 2 M I S N 2k 1 Luster MI. Role of proinflammatory cytokines in
NI . v 2 inophen hepatotoxicity. Toxicol Appl Pharma-
C3. SAAZRRILEE, I B R A acetaminophen hep ty PP
M *%ﬁi’\ A :EH PIEPFFERE, col 1995; 133: 43-52 [PMID: 7597709 DOL 10.1006/
A TR 5 I PR R 8UR taap.1995.1125]
E&‘Z, STAT31E%ﬁﬁ%?{ﬁ$1%?}jﬂ$iﬁp7yi?ﬁ 13  Blazka ME, Elwell MR, Holladay SD, Wllson RE,
. N o 5 , N Luster MI. Histopathology of acetaminophen-
HUATDRREER. AR, IR REs induced liver changes: role of interleukin 1 alpha
1%;[5 7] {ﬁ—xﬂ—s TAT3 %‘%@E@ E/‘J T ﬁ{ j:)j ;}5%}3& F and tumor necrosis factor alpha. Toxicol Pathol 1996;
o o et A LT e . - . 24:181-189 [PMID: 8992608 DOI: 10.1177 /01926233
DB R VR YT LR IR AT USTAT3 S % 9602400206]
S 44 5 B AT M A5 052 4 BLl, 14 Reilly TP, Brady JN, Marchick MR, Bourdi M,
. George JW, Radonovich MF, Pise-Masison CA,
&b N G =g - H pazes N SZ
At b — 20 Oy J A S 2 322 B KO (1 52 Pohl LR. A protective role for cyclooxygenase-2 in
27 VAT T drug-induced liver injury in mice. Chem Res Toxicol
N2ZAH RN T )13, g jury
2001; 14: 1620-1628 [PMID: 11743745 DOI: 10.1021/
. tx0155505]
7 BEXH 15  Darnell JE, Kerr IM, Stark GR. Jak-STAT pathways
1 Holt MP, Ju C. Mechanisms of drug-induced liver and transcriptional activation in response to IFNs
injury. AAPS ] 2006; 8: E48-E54 [PMID: 16584133 and other extracellular signaling proteins. Science
DOI: 10.1208/ aapsj080106] 1994; 264: 1415-1421 [PMID: 8197455 DOI: 10.1126/
2 Bataller R, Brenner DA. Liver fibrosis. | Clin Invest science.8197455]
2005; 115: 209-218 [PMID: 15690074 DOI: 10.1172/ 16  Ren Z, Mao X, Mertens C, Krishnaraj R, Qin J,
JCI1200524282] Mandal PK, Romanowski MJ, McMurray ]S,
3 Al Zaid Siddiquee K, Turkson J. STAT3 as a target Chen X. Crystal structure of unphosphorylated
for inducing apoptosis in solid and hematological STATS3 core fragment. Biochem Biophys Res Com-
tumors. Cell Res 2008; 18: 254-267 [PMID: 18227858 mun 2008; 374: 1-5 [PMID: 18433722 DOL: 10.1016/
DOI: 10.1038/cr.2008.18] j.bbrc.2008.04.049]
4 O'Shea]], Gadina M, Schreiber RD. Cytokine signal- 17 Hoey T, Schindler U. STAT structure and func-
ing in 2002: new surprises in the Jak/Stat pathway. tion in signaling. Curr Opin Genet Dev 1998; 8:
Cell 2002; 109 Suppl: S121-5131 [PMID: 11983158 582-587 [PMID: 9794817 DOI: 10.1016/5S0959-
DOI: 10.1016/50092-8674(02)00701-8] 437X(98)80015-4]
5 Kisseleva T, Bhattacharya S, Braunstein J, Schindler =~ 18  Rawlings JS, Rosler KM, Harrison DA. The JAK/
CW. Signaling through the JAK/STAT pathway, STAT signaling pathway. | Cell Sci 2004; 117:
recent advances and future challenges. Gene 1281-1283 [PMID: 15020666 DOI: 10.1242/jcs.00963]
2002; 285: 1-24 [PMID: 12039028 DOI: 10.1016/ 19  Bromberg JF, Wrzeszczynska MH, Devgan G, Zhao
50378-1119(02)00398-0] Y, Pestell RG, Albanese C, Darnell JE. Stat3 as an
6 Gimeno R, Lee CK, Schindler C, Levy DE. Statl and oncogene. Cell 1999; 98: 295-303 [PMID: 10458605
Stat2 but not Stat3 arbitrate contradictory growth DOI: 10.1016/5S0092-8674(00)81959-5]
signals elicited by alpha/beta interferon in T lym- 20 Fukada T, Hibi M, Yamanaka Y, Takahashi-Tezuka

(49

kR £ 3

Baishideng® WCJD | www.wjgnet.com

2014-03-18 | Volume 22 | Issue 8 |



1056 ISSN 1009-3079 (print) ISSN 2219-2859 (online) HFELNBIAFE 2014F383188 228 Z8H
W @ 15 R0 M, Fuyjitani Y, Yamaguchi T, Nakajima K, Hirano genesis and the regulation of glycogen synthesis.
ASAR A RIS T. Two signals are necessary for cell prolifera- Diabetes Metab Res Rev 2001; 17: 250-272 [PMID:
F, EOR. B4R, tion induced by a cytokine receptor gp130: in- 11544610 DOI: 10.1002/ dmrr.217]

AR R volvement of STAT3 in anti-apoptosis. Immunity 34  Inoue H, Ogawa W, Ozaki M, Haga S, Matsumoto
1996; 5: 449-460 [PMID: 8934572 DOLI: 10.1016/ M, Furukawa K, Hashimoto N, Kido Y, Mori T,
51074-7613(00)80501-4] Sakaue H, Teshigawara K, Jin S, Iguchi H, Hira-

21 Li W, Liang X, Kellendonk C, Poli V, Taub R. matsu R, LeRoith D, Takeda K, Akira S, Kasuga M.
STAT3 contributes to the mitogenic response of Role of STAT-3 in regulation of hepatic gluconeo-
hepatocytes during liver regeneration. | Biol Chem genic genes and carbohydrate metabolism in vivo.
2002; 277: 28411-28417 [PMID: 12032149 DOI: Nat Med 2004; 10: 168-174 [PMID: 14716305 DOI:
10.1074/jbc.M202807200] 10.1038/nm980]

22 Nguyen VA, Gao B. Cross-talk between alpha(1B)- 35 Inoue H, Ogawa W, Asakawa A, Okamoto Y,
adrenergic receptor (alpha(1B)AR) and interleu- Nishizawa A, Matsumoto M, Teshigawara K, Mat-
kin-6 (IL-6) signaling pathways. Activation of suki Y, Watanabe E, Hiramatsu R, Notohara K, Ka-
alpha(1b)AR inhibits il-6-activated STAT3 in he- tayose K, Okamura H, Kahn CR, Noda T, Takeda K,
patic cells by a p42/44 mitogen-activated protein Akira S, Inui A, Kasuga M. Role of hepatic STAT3
kinase-dependent mechanism. | Biol Chem 1999; in brain-insulin action on hepatic glucose produc-
274: 35492-35498 [PMID: 10585421 DOI: 10.1074/ tion. Cell Metab 2006; 3: 267-275 [PMID: 16581004
jbc.274.50.35492] DOI: 10.1016/j.cmet.2006.02.009]

23 Chen ], Kunos G, Gao B. Ethanol rapidly inhibits 36 Nguyen P, Leray V, Diez M, Serisier S, Le Bloc'h ],
IL-6-activated STAT3 and C/EBP mRNA expres- Siliart B, Dumon H. Liver lipid metabolism. ] Anim
sion in freshly isolated rat hepatocytes. FEBS Lett Physiol Anim Nutr (Berl) 2008; 92: 272-283 [PMID:
1999; 457: 162-168 [PMID: 10486586 DOI: 10.1016/ 18477307 DOI: 10.1111/j.1439-0396.2007.00752.x]
50014-5793(99)01031-5] 37 dai, XTI ASHIRPXREENTFAERIOVE. e

24 Auernhammer CJ, Melmed S. Leukemia-inhibitory NIE bk Z 2013; 21: 881-886
factor-neuroimmune modulator of endocrine func- 38 Hong F, Radaeva S, Pan HN, Tian Z, Veech R, Gao
tion. Endocr Rev 2000; 21: 313-345 [PMID: 10857556 B. Interleukin 6 alleviates hepatic steatosis and isch-
DOI: 10.1210/ edrv.21.3.0400] emia/reperfusion injury in mice with fatty liver dis-

25  Sleeman MW, Anderson KD, Lambert PD, Yanco- ease. Hepatology 2004; 40: 933-941 [PMID: 15382116
poulos GD, Wiegand SJ. The ciliary neurotrophic DOI: 10.1002/hep.20400]
factor and its receptor, CNTFR alpha. Pharm Acta 39  Suganami E, Takagi H, Ohashi H, Suzuma K, Su-
Helv 2000; 74: 265-272 [PMID: 10812968 DOI: zuma I, Oh H, Watanabe D, Ojima T, Suganami T,
10.1016/5S0165-7208(00)80028-8] Fujio Y, Nakao K, Ogawa Y, Yoshimura N. Leptin

26  Waris G, Huh KW, Siddiqui A. Mitochondrially as- stimulates ischemia-induced retinal neovasculariza-
sociated hepatitis B virus X protein constitutively tion: possible role of vascular endothelial growth
activates transcription factors STAT-3 and NF- factor expressed in retinal endothelial cells. Diabetes
kappa B via oxidative stress. Mol Cell Biol 2001; 21: 2004; 53: 2443-2448 [PMID: 15331557 DOI: 10.2337/
7721-7730 [PMID: 11604508 DOI: 10.1128/MCB.21.2 diabetes.53.9.2443]
2.7721-7730.2001] 40  Ninomiya M, Shirabe K, Terashi T, Ijichi H, Yo-

27  Gong G, Waris G, Tanveer R, Siddiqui A. Human nemura Y, Harada N, Soejima Y, Taketomi A,
hepatitis C virus NS5A protein alters intracellular Shimada M, Maehara Y. Deceleration of regen-
calcium levels, induces oxidative stress, and acti- erative response improves the outcome of rat
vates STAT-3 and NF-kappa B. Proc Natl Acad Sci with massive hepatectomy. Am | Transplant 2010;
U s A 2001; 98: 9599-9604 [PMID: 11481452 DOI: 10: 1580-1587 [PMID: 20642684 DOI: 10.1111/
10.1073/pnas.171311298] j-1600-6143.2010.03150.x]

28 Cressman DE, Diamond RH, Taub R. Rapid acti- 41 Ding BS, Nolan D], Butler JM, James D, Babazadeh
vation of the Stat3 transcription complex in liver AO, Rosenwaks Z, Mittal V, Kobayashi H, Shido K,
regeneration. Hepatology 1995; 21: 1443-1449 [PMID: Lyden D, Sato TN, Rabbany SY, Rafii S. Inductive
7737651 DOI: 10.1002/hep.1840210531] angiocrine signals from sinusoidal endothelium

29  Taub R. Liver regeneration 4: transcriptional con- are required for liver regeneration. Nature 2010;
trol of liver regeneration. FASEB | 1996; 10: 413-427 468: 310-315 [PMID: 21068842 DOI: 10.1038/na-
[PMID: 8647340] ture09493]

30 Morello D, Fitzgerald MJ, Babinet C, Fausto N. 42 Hernandez-Gea V, Friedman SL. Pathogen-
c-myc, c-fos, and c-jun regulation in the regenerat- esis of liver fibrosis. Annu Rev Pathol 2011; 6:
ing livers of normal and H-2K/c-myc transgenic 425-456 [PMID: 21073339 DOI: 10.1146/annurev-
mice. Mol Cell Biol 1990; 10: 3185-3193 [PMID: Ppathol011110-130246]

2111449 DOI: 10.1128/MCB.10.6.3185] 43  Fernandez M, Semela D, Bruix J, Colle I, Pinzani

31 Schwabe RF, Bradham CA, Uehara T, Hatano E, M, Bosch ]J. Angiogenesis in liver disease. | Hepatol
Bennett BL, Schoonhoven R, Brenner DA. c-Jun- 2009; 50: 604-620 [PMID: 19157625 DOI: 10.1016/
N-terminal kinase drives cyclin D1 expression and jjhep.2008.12.011]
proliferation during liver regeneration. Hepatology = 44  Gruys E, Toussaint MJ, Niewold TA, Koopmans
2003; 37: 824-832 [PMID: 12668975 DOI: 10.1053/ SJ. Acute phase reaction and acute phase proteins.
jhep.2003.50135] ] Zhejiang Univ Sci B 2005; 6: 1045-1056 [PMID:

32 Taylor SI. Deconstructing type 2 diabetes. Cell 16252337 DOI: 10.1631/jzus.2005.81045]

1999; 97: 9-12 [PMID: 10199397 DOI: 10.1016/ 45  Alonzi T, Maritano D, Gorgoni B, Rizzuto G, Libert
50092-8674(00)80709-6] C, Poli V. Essential role of STAT3 in the control

33  Radziuk ], Pye S. Hepatic glucose uptake, gluconeo- of the acute-phase response as revealed by induc-

(49

TEE
Jaishideng®

WCJD | www.wjgnet.com

2014-03-18 | Volume 22 | Issue 8 |



FRIRER, 5. STATIISSiEISHRIDIRPPHIER

1057

46

47

48

49

ible gene inactivation [correction of activation] in
the liver. Mol Cell Biol 2001; 21: 1621-1632 [PMID:
11238899 DOI: 10.1128/MCB.21.5.1621-1632.2001]
Ebersole JL, Machen RL, Steffen MJ, Willmann DE.
Systemic acute-phase reactants, C-reactive protein
and haptoglobin, in adult periodontitis. Clin Exp
Immunol 1997; 107: 347-352 [PMID: 9030874 DOI:
10.1111/j.1365-2249.1997.270-ce1162.X]

Christensen MB, Sgrensen JC, Jacobsen S, Kjel-
gaard-Hansen M. Investigation of the solubility and
the potentials for purification of serum amyloid
A (SAA) from equine acute phase serum--a pilot
study. BMC Res Notes 2013; 6: 152 [PMID: 23590853
DOI: 10.1186/1756-0500-6-152]

Christenson K, Bjorkman L, Ahlin S, Olsson M,
Sjoholm K, Karlsson A, Bylund J. Endogenous
Acute Phase Serum Amyloid A Lacks Pro-Inflam-
matory Activity, Contrasting the Two Recombinant
Variants That Activate Human Neutrophils through
Different Receptors. Front Immunol 2013; 4: 92
[PMID: 23626589 DOI: 10.3389/ fimmu.2013.00092]
Okemefuna Al, Nan R, Miller A, Gor J, Perkins SJ.
Complement factor H binds at two independent
sites to C-reactive protein in acute phase concen-
trations. | Biol Chem 2010; 285: 1053-1065 [PMID:

(49

TEE
Jaishideng®

WCJD | www.wjgnet.com

50

51

52

53

19850925 DOI: 10.1074 /jbc.M109.044529]

Quinton L], Blahna MT, Jones MR, Allen E, Ferrari
JD, Hilliard KL, Zhang X, Sabharwal V, Algul H,
Akira S, Schmid RM, Pelton SI, Spira A, Mizgerd JP.
Hepatocyte-specific mutation of both NF-xB RelA
and STAT3 abrogates the acute phase response
in mice. | Clin Invest 2012; 122: 1758-1763 [PMID:
22466650 DOI: 10.1172/JCI59408]

Bode JG, Albrecht U, Haussinger D, Heinrich PC,
Schaper F. Hepatic acute phase proteins--regulation
by IL-6- and IL-1-type cytokines involving STAT3
and its crosstalk with NF-kB-dependent signaling.
Eur ] Cell Biol 2012; 91: 496-505 [PMID: 22093287
DOI: 10.1016/j.ejcb.2011.09.008]

Fort A, Borel C, Migliavacca E, Antonarakis SE,
Fish R], Neerman-Arbez M. Regulation of fi-
brinogen production by microRNAs. Blood 2010;
116: 2608-2615 [PMID: 20570858 DOI: 10.1182/
blood-2010-02-268011]

Nishikawa T, Hagihara K, Serada S, Isobe T, Mat-
sumura A, Song J, Tanaka T, Kawase I, Naka T, Yo-
shizaki K. Transcriptional complex formation of c-Fos,
STATS3, and hepatocyte NF-1 alpha is essential for
cytokine-driven C-reactive protein gene expression. |
Immunol 2008; 180: 3492-3501 [PMID: 18292576]

B I L Lo

2014-03-18 | Volume 22 | Issue 8 |



