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Abstract

Signal transducer and activator of transcription
3 (STAT3) is an important nuclear transcription
factor that, once activated, can regulate the tran-
scription of target genes. STAT3 is overexpressed
in hepatocellular carcinoma (HCC). It has been
demonstrated that STAT3 can be activated by
HBV, HCV and diverse oncoproteins. The dys-
regulation of STAT/SOCS signaling also results
in constitutive activation of STAT3. Aberrantly
activated STAT3 can contribute to the malignant
transformation of liver cells and result in the oc-
currence of HCC by inducing dysregulation of
c-Myc, EGFR, TGF, survivin and VEGF. This pa-
per summarizes the critical role of STAT3 in the
pathogenesis of HCC and explores the possibility
of using STATS3 as a target for HCC therapy.
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STAT3ZSTATR 2 69 i, £ &b iR
B F. STAT3TTA#HBV. HCVA & FbJ5 &
A& G i#iE, STAT/SOCSIE 5 £ BTl 5
HSTAT3 %, FA)E TLAE TiHRAR 4
. J+% & STAT3 AT 20 it J% (hepatocellular
carcinoma, HCC)& 40 P oA Rid R ik, 7T
L ) NN X I XA R
STAT31Z 5 #93#7& 5c-Myc. EGFR. TGF.
survivin.n VEGFXAA %, X 5HCCW L 4,
B FYeh B A BATKE STAT3 £HCC
Ty F2AF R, FFFRSTATIAE AHCCE 77 #7849
Fe 5 A R IR AT 4R R

KA FEHSIERRELE T3, FERE ¥
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HT-41 3% (hepatocellular carcinoma, HCC)H) &
L RSB HEIATE R, HATAh 5%
P LD FSlBRERE AL H9HSY
B 5% 3540 R 73 (signal transducer and activator of
transcription 3, STAT3)&—Fl tH 4 M A+ 7
KPR 725 2 ARG AR IO (R ek [H 1. STAT3 4
ok Ja VT a0 Rz A R S IDN A B, 9%
LR TSiNER S SUPN L MR TIREE R 2 S i
JrgRE A L AR IG5 L I TR A (R SRS S S
Wik, AR SHCCI R A KR
BV, AR STAT3EHCCH (R AT 45
i, DUHXTHCCTE R IRIZ W, ¥a 97 J7 i $2 A8
R S S
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1 STAT345#, TDRER AR

1.1 STAT3% #Ae £ 2 5 4 STAT3/E(E19944FAE:
A -6(interleukin, TL-6)f5 5443 H ) &bt
HH 52 . [Kl ¥~ (acute-phase response factor, APRF)#
alifb ¥, GmhsS TAT3 I BE A7 SR e A T4
115 gk, 2 NREA T 125 etk (ql3 %
ql4-1). STAT3Z ) FEAFETAF AN (1)SH2
X, FEALHESTATI SIE I ZRIE R EZ 5,
I FIAK-STATIHAIEAE, (ESTAT3 1k — 2K
1k, B 2 ai ok, FON 455 DNA, FEURR e #L
BIITT I (2)SH3IX, PR~ YRR ZE, DRE AN 2E;
(3) IR HE i 55 70547 (14 1% 2 R W PR AL AL 1Y 705),
AT R BERR AL T IS TAT3 W 4k; (4)DNALE &
DX (5)HesRo X, BRI 5% (6)5B 72747
22 PR ER L AL 5T(Ser727), #2250 R 53
1 AR F A (mitogen activated protein kinase,
MAPK) TR, WiGSTAT3, ffSTATIEEH
RASIERKAEMR: (DIRTF AR T, 5
STAT3 — SRAKIRI T 1l LA S 40 Jf DS -1~ 52 A4k [1] 1) 45
FEEA K. STAT3) {2 AFAE T AN F R AL 1) 41 Jfa A1
LR (s O UE S SR AR R R, TR
R R AT R ), A A el BE
FT AR E B I RE AT K, ZEFDIRZS R, STAT3
(140 50 R T T 6. S TAT 3 ek o) 8 56 IR 1y i
BEMBEAEK. o, #E. AP RIEER
FEAIVE R, STAT3 i #2 F) #E 5k DA 23 4 1) 2 1 2
FERT-FIHFBel-xLy Bel-2+ BfEFE40 M 1 195
[A¥--1(myeloid cell leukemia-1, Mcl-1)FI47i% %
(survivin), 48 57 R FID1. D2AN
c-myc A K I N J7 A2 & K F-(vascular endothelial
growth factor, VEGF)™® XS4 25 [ 5 £r 40 Jifo (1) 4
B A ZEERPE T R TR O A LA
I, STAT33H 1 % b 35 AR i 7, 3k i e 22
ML JEAS.

1.2 STAT3 i A4 Hult U RN G S
A7 RS TAT3, AFE: (D)4 M [A ¥ (cytokine,
CK): IL-6+ IL-11. 8 #&M(oncostatin M,
OSM). HEIRMZLE F K F(ciliary neurotrophic
factor, CNTF). J##(leptin) [ MLIpHIHI A7
(leukaemia inhibitory factor, LIF)&; (2)& 2B K
[A-f-(epidermal growth factor, EGF). IfL/MRIE
K FF(platelet derived growth factor, PDGF);
Q) AEZ AR A BN v-Abl. c/v-Src. v-Sis.
Tel-Jak%s; (4)GHEH: & FARMEE (Thyroid
stimulating hormone, TSH). EBE40 iy 4 5F 25
[1-1(macrophage inflammatory protein-1, MIP-1)%%.
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STAT3 [ 1 2 P& 42 3%, JAK-STAT3
WA SR, SR (DB 5244
45O T ECRAR R AL (2) "R AR
JAK; 3)JAKHKSTATH IR 1L, (4)STATIER K
A&, Beis thNZAE 55 (5)STATHEAAZ A, 753
PRIk, Forh 70547 Bs 2 IR IR AL 2 STAT3 5 1k
(bR 5 (AL R AE T I IR W5 IR AL IR S TAT3 HY
p-STAT3). MAPK &Rasf5 5 S 42 (1) N il
55001, A 22/ 200 & IS 1, it
IR AL Ser72 740 s M P05 STAT3. Cdks(f 1 H
MRS ). TNK (c-Jun N¥iEEE). ERK2(4H
AME ST SRS T 2 R N B IR
BTG STAT3!™,

TEALIIS TAT3 AT 3@ 1k LN 34N i A2 HEAT 411
Y5 (1)STAT SH WAL PR, ISz IR IR
fSHP1RISHP2H45 SH245 M35k, H 3= B i e
AT, S5 STAT3HISH2AZ MMk 2 IRk 3L 45 7,
A AR R AK/S TATR 2, (2)3HALINISTATS
R HMH]FPIAS(protein inhibitor of activated
STATs, PIAS)n] B4 1P sl i #7 S5 4% N 3L 40
H15> 7, THRSTAT3ILDNAL: &, 2 ANAeiEk.
PIASELHEAH MK 15 5 1% 46l F (suppressor
of cytokine signaling, SOCS), SOCS/&STAT3 %1 %
T[] % o R — 30 43, R 5 45 A A B 2L R
SR A, MEITAK/STAT SRS S 40K, T
PLREIE DR RY 1M £ 1 42 STAT3!

2 STAT3EHCCA S, ABHIKA

2.1 STAT3£HCC ¥ # &k B B fmbuh) H it
UESEHCCZH 2 rfrp-STAT3 B 2 1 B 5 2 2) v
TS A GURIE & A 2R, 5 a0 M /AR
55 WBAb, g 55 AL 2R b AT ELA B Wl (R p-STAT3
FIE. R S W 0 A RN i 7R A 4 i
JUEE, HEMIS TAT3 PG F i 8 R IE AT R 2 HCC
KA IELE B ATl I STAT3 RS
WOE 5 A B A O, RS T 2
iR ELARHC C I R AR RUR M, Bk A4 7
M: ()BUERE N GERIESTAT3; (2) W% /1STAT3
AR STAT3 T2 B4k, (3)JAKHI
St ERMES TAT SHRE 5 RS 40 M i 4k, (4)7EMh
A AR P STAT3 I A, WIFLARE . BH &L
S LT IS TAT3 3= Ehl i R 45 R Ui A
WA T BaEE BRI E ] iHCC
kA, Rk F TSR B el-x LAIM cl1-1464
Hgn AT, Eifc-myes p21. cyclin D1E {540
JEL L3, 3 RIS R I R Rps3 (il B

A7 A 0

B w7 % AF 5 % )
¥ FSTAT3 %%
HCC# #LH) & VA
STAT3 % ¥2 B 4%,
BE R H Az 5 aE %
A . A
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w4 BE SEHCCHRAE", Yo 3-HE-4-H I TGF-plIRIAM R, JEILHEConAFIL 22 E S T

FHF R4
3 A8 STAT3
£ B #siRNA
MO A KR A
Silencer3.0-H1-
STAT3-siRNA-
GFP, # A
HCC % fa %
SMMC7721, T4
H STAT3 A B £
ik, sFHCCH#Y 2m i
W ER AR
WHEER, T
TR T AR
RNA F## K4
HHCCHEF WA
BT R A T HE.

A K (3-me-DAB) 5 3 K U HCCRE Y, 719
ARAN A B B e 22302~ FlWestern blot. J5t
PEAASZETHERT IR IN: LERF IR IERME E I Bk
J% KR F 32 ik (epithelial growth factor receptor,
EGFR). #4b4: KA F(transforming growth fac-
tor, TGF). STAT3/m#iA; JrAHCCH I &KL
EGFR. TGF. STAT3["JmRNAMIE [1KIAH
W 1M HSTAT3. p-STAT3 /K- 5TGFRIA
KPR IEARSE. #2785 EGFR-STAT3E % 5 KR
HCCHIREA K, Mk M TG VG LEGFRIH
5, LA IR, FESTAT3RESEMGE, i
AT G L TR R DR R A i, (R A PR
HEEAY,. 25 R T-PCRE HC C41 41
STAT3. c-myc. p33. survivin. VEGFfJmRNA
LB, W H Western blotid: & S 4 434k %
PATMIS TAT3EE IR ) 8 /K e A 3R IA, RN
HC ¥ 55443 e-myce. survivin, VEGF
FEKmRNAFRIE I B B, ps33EAmRNARKIA
NEE, A S AP STAT3 8 /K34 &
TIEH AR, $ERSTATI ML Sc-myc. p53.
survivin, VEGFAIER 1. 5 5@ IL [ Pp i
YEH, AEHCCHY R A i Rt vh i F 24 .

STAT3 N AL 19859t ] fe & STAT3
HIFFEHCCRARMFEE. SOCS1. SOCS3
&ESTAT3 By s st oo, SOCS1. SOCS3
BRI, AFSTAT3HH LSS, 7 FESTAT3
RIA MG IRHCCR A, R K IMSOCS3AF
TESTAT3 4G o, Jodk S A )G vl 5k
STAT3 R Wk, T84l s . i1k,
FEHCCHIAN M R, 4 5/1000 40 J 2 TS 146 D
FISOCS3, HAEAT3/10/941 s RSOCS3FE A
CpG & i AL, LSO CS3nT LI %
HH AN 7R 5 - S -2 - Tt A B s e A% 1 (5-aza-2'-
deoxycytidine)ili i 23 H E:AL BT SOCS3 1)
Fik, FIESTATI LML, MOgatas:!'™
EHCCHZ i th KR BLSOCS3 K ik A SOCS3 3k
[AIDNA R AL, SESTAT3 I s, FHEit 7]
i BREE A (concanavallin A, ConA) ML 245 S 1K)
JF 21 44k, 17 HLIE K BLS O C S3 K F ik AU AT
ETHCCH L, iAe 1 TR 41 2%, SOCS3
(1) 3% 15 B A JTF U £ 4k A0 RS2 (1 385 o 38 8 ik /D>
] B 7E IR IR X SOC S3RIA KT, HSTAT3.
TGF-B1II K e AR 6. fESOCS3 Wk /) i
A, SOCS3 )k 2 T B S TAT3 i & ok,

2rYed. SOCS3 KA Nl H WPk i AHS TAT3
AP S TGF-B1RIE RS, W ATGF-BLIE T
EE2ASTATINE & £, STAT3 S 245G 5]
O X SR 5 T IR, #2808 TGF-Blig
STAT3 1A HARKFE N, X H 0] fE /& SOCS3k
Ko/ LR AL s P 2 —. STAT33d i |
WTGF-B 1A 0= JH 2 4E 4k, SOCS3 M1
LT YA IE T X — 1R, X AT 5 STAT3
o R A4 d 23k Jg W HCC AT oK.
HFUEHICpG iy AL PTERSOCS 1AL A A]
DLE B THRIAK21M 05 AK/STAT, HIJAK21)
RS A G490 1] LA ik 42 K IESTATS3,
T2 IR SO C S TiE 2 Ji5 At ml LA
STAT3™. #E/N R HCCEA i BagnyukovaZs ™
RI: HCCRA R F I B, SOCS1miRkik, I
X TGF-BFIMAL /MR IR A=K K (platelet derived
growth factor, PDGF) 15 7 [MSTAT3 WIS A1 W] &
IHNEIE ], TAEHCCHI AR REM B, SOCS1FRIA
N, XS TGF-BFIPDGFRIFIHINE S, S5
STAT3VEH Ak I |62 40 M % 1 4% Ak, 1 HLads e IR
SOCS1#iL FF#IFALSOCS AL AT 5%, 1
5 SOCS1A# 4l  rhidia i g o, )R8
H HTSOCSTUTER ML M AL, WETTE RA—
£, (HSOCS1 YT BRA e 2 T BSTAT3 L i, iX
Al RESEHCC R A ML Z —.
2.2 STAT35HBV# #HCCAHE A HBVEKYL 5L
HCCHIFDINLEI A B, 2R S5 50l
H 25 THBVHSCHMHCCIE L . SO oY
W, BYEHBVELSERHCCH R L, AT hEYs
STAT3 ) i WOE A 0%, HrPHBV X 8 [ [hepa-
titis B virus X (HBx) protein] 5 STAT3 {354k % V)
FHOG. I RIAMHBX W] F1L-615, M
IIESTAT3, STAT34 A THB V51~ 1.0
IFPVIX, B HB VIS T Ihfe, (EdFHBVIIE
=Y. ol EAMEFEDIURIL T — R 5 HBXE A
AHEAE 1) 82 1 i R g 2 Calpha(protein phospha-
tase 2C alpha, PP2Calpha), 7£-Cos-7fIHuh-7 HCC
0 g+ YR PEPP2Calpha ] 5 [ZIL-6:R 1K 980, IE
AJ DAL BRI KIE STAT3, {H ik HBX 1] LA
BEL 1L AP S b 2R Ak, (1 STAT3ZIA 4 ™.
HB X548 A nf DL i A% P /A% J8 HE U8 3 A7
FHSTAT3HITERSOCS1/SOCS3, 51iESOCS1/
SOCS3KIH MBI FHCCHE K. Koeberlein
SEPEHBV B H T R LSO CS3 4 (13K 1A
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Hn, STAT3 WU, AT 2 0E X 5 STAT/
SOCSfs 5 KA, HBVAISTAT/SOCS i n]
RE2 FEWIARTHBV 1) G [ NG, A 8190
BERW, PERAL, W RE AN B RS A AR T I
SEHCCH—A EEHLH

2.3 STAT35HCVEHHCCH A HCVIEYL AL &
FUREN . HCCH)— AN EZEH. HCViZO
HARHCVINEZ L M EH, v LUEEE A48
MLk, PR B R E S 2 M E S Sl
6 P VA 2 R SR TR T R B0 . Maachida it
RRIHCVIZLEA. E1EA. E4HEA
(nonstructural protein, NS)[I#& A% Fim A
PR, il S TAT3 I S IR FR AL VR I A7, I
STAT3 R BEHCCHY & A= AEMAFHCVAZ [ 7K 2E BT
4 rh, STAT3#HCVAZ L 0 I FEgik
ik, IL-6+ gpl30. LeptinSZ /&KL N, STAT3
KL Bel-xLy cyclin DI+ c-myc# ik L4,
STAT3 JXHC V1] e i 31X H6 5L K = P i 3k 40
s s . B EEALRY SRAT R IMHC VA%
AR RN STAT3 R L S S DN AL &
TP ARG, X TAK/STATAS 54 30 5 1k
AEAMEE I, ABIX MR AN (TR
PrHE R ) JE Bl 745 A Ab), IX T RESE 5 1EEHC VX
T FIETT E, ATHC VA IIAE 7 I
K GHHCCKAEY. HCVIIEIMSTAT3IEHE 15
ML P B2 20 b I i 3% 2 AR R0, I 3 ik I
WERZ A S 5%, (R VEGF RIS I UL
TERL, N AG490(JAK/STATYR 5 3 #4151 1)
REFE S, e 52 R RV E GF A2 21 1 4417,
HCV#Z L HIEREFSOCS-17E AN ZUh %
KD, RS TATI L™, R IX ] gL
HCV S EHHCCH K.

3 STAT3 5HCCHYE:RS

PanZ PO T AR [ B 9 A NHC CAl i R 55
SR TEZE e, S5 R IR AR NHC C A i
il Re i, STAT3HGME i, A AL S HCC
RS YA, Yang:PIHF 9T T p-STAT3(tyr705)
FEHCCH FRIE, KINAE49.3%MHCChHRA 1 22
S A, T AN AT S 8% 1) 9 J 4L 2 (1) JHT- 552 J5 40
SEERBHYERIE, 17 Hp-STAT3/EHCCAL L 1 if) 2%
i 55 L P B DA G, A S TAT3 v]
RE A B INHC CH A MM ek, 257
HCCHI KRR, SHCCH A C. fEHihsr
PR SR FAE S b FRIA S TAT3 R LA [
VEGFE B i 55 20 23 i B Kbk 055 1) A
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Jil, PRI R, i RIA 1S TAT3IAE eIk Y
R RISE Hps3, (fps3d KBRS S
[A-F(hypoxia inducible factor-1o, HIF1-o0)B#fi#
52 BN, i FEAT 2 AR HC VR 1R
R B IS TAT3 JE HIF 1-o ke i 78 W AN ]
P HIF 1o 28 5 [ IE# 5y FVEGF R 1k 4 5,
AR 3 b 98 1L 7 B A2 S s FHS TAT3 IR 1
PR AR SR A% AT R BH KT S TAT3 5 1l %,
AfHEIVEGFR L, I geiil e it AR K 512 28
RSP I Y AF ST IR SEHC CAL 2 H STAT3
I A Bps3 N & VEGF L, % 8]: STAT3
S fEE L 5HIFL-a VEGF. p53% 3L [
B, AEHCCRRE. HA I FE rp R dE A M. (H
FAEWRCUESTAT3 SHCCR AR/ i 2
O3 MR AL R . TNMZM 766, iy
STAT3 &1 SHCCI K RE. A KAl Reik i
BB IR 5.

4 STAT3EHCCHYBTS
KEMRCIESESTAT3IZ SHCCIH AL, KB
JHR, O AHCCIRIT B . BT
JiTa ks (DEFXSTAT3 R L M AR IFHCC,
Q)P RAR BN T4 HIJAK/STAT3. SOCS/
STAT3 5 S HAMHIF . 5. I ClE 7 &
Ktk .

4.1 RNAFHRAEB L FAH B siRNA(small
interfering RNAs) & —Fi & BOWEERNASS T,
BEM LARI S AN 51 B mRN AN ¥ H 5 B Al
JE IFIMRNA, 3 ECILAH N AL UER, FROVRNA
THL(RNA interfering, RNAi). IEFERNATHAE
AHCCIRIT A 3T BoBok ol A AT TR, 2=
A BRGNS TAT3HE [ (K1siRN AR £
Fik#HfkSilencer3.0-H1-STAT3-siRNA-GFP, #%
P NHCCH IkkSMMC7721, &5 5 41 5ok 48
mRNA K F KV 25l IS TAT3 AL PR 36k
N HSTAT3AH I Flsurvivi. VEGF£AImRNA
215, Lifps3. caspase-33E[A [ mRNAKIL,
XTHC C AN B IR 39 BE 35 1A B S A, T
FHCCY MM T, 4B TG, 0. Rk
BTN T A BB S TAT3 ) SR A% 1
PR, T8 IR A Ye it AHepG2 HCCHI Y, &I
Hep G241 a3 5E A7 1 5 (4 4 I, e IA 568 75
ST

4.2 B R BB R R F) AGA90E —FITAKER
PRI e B MEFI R, AT DABH W AK S 7S 1L,
/> STAT3MFRIA, W3 IRISHC CA i) A= A7

| IR A
STAT35HBV.
HCVH¥ X B 33
HCCH#ALH, &
#® STAT3/£HCC
MEE. RIEA
A 5 5 @ 0
WAER, BT
STAT34E % A B
¥o & EHCCH 77
7 @R T e
B IIK.
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}-{zmgi A7), MHIMCL-1RIB NI FIT, AG490  hERE. ZHNS Y, WG, Hir))
RAESTAT3EHCC ., N . s N 1 B g g e . .
wn k. mpm OBHE Fifcyclin DI. Ay EFLEMp21. p27.  AVFL AR, WIEHCCRE, KIEAM

e o BB B R
# R B RN e o
@&, 12STAT34E A
—Fr AR, THE
AHCC % 57 ¥ 84
¥e& HHCCH) s
JREIT R B A8
T k.

phospho-chk21fj % SHCCHIS I A 5. £
27255V F A GA90FELITH C C 4Nl LS TAT 33 %
Ji, %M T VEGF. FasL. TGF-BFIIL-10
FHImRNAR IS IGH 2 K, KPAG490 1]
T8 3k BHL TS TAT 3308 it 300 4 g2 410 il R A5 e iy
RN LinZ5 RIS P R LS TAT3 [ 5 #1761
FINSC74859, nI W] & ANHIIL-6/STAT3 M i, [
KIGETGF-B, fHCCH X TGF-BK 2 MV, Ht
Huh-7 HCCHH #4824 65 FTE g, H
NSC74859767 i e A W] b 52 4.
4.3 HAbdpdl A HALVF 2 STAT3A KIS 5t
PR EOE B A 29 EHC C R ik 5T i 2>, BoAd
BUI VAN B, (HRIE SR B, AT o HC C
I IR B, HARSEFH LIS 2 rp 4y
S A SRR, ERE R, WU YSTAT3
5O, FHHUE R AT EIS TAT3 W AL, Ty
STATS M, 1 H.STAT3 WAL 7298 ) c-Sre
JAKL. JAK2[FHOE 52 4. i 40 fe
TR R X STATI M R . &k EH 2
F 5T SrclmYE T — R A§2(src homology 2
phosphatase 2, H-PTP2)[¥)3 1A, A #IHISTAT3 ¥
i, I, EHUE R NS S TAT3 Rt -
YIMIE, AN i 1G5, SRR AZ RN ] B 5
XTHCCAN M IR M T-AE . E e AR Fh
BT (R STAT 33 ALl 4% BHIKT 71, YEHCCIRYT Hh A
AW E. KRS WK 2 7 B 5 ) R A
HlHepG2 HCCHH il fu A=<, 5[ #2P-STAT3 5 [
FILH R NI, Bel-FIVEGFIImRNAE LM |
W, RTHCCHT BH (AN 44 F

STAT3 4 i 715 A+ 1] LA R S TAT3 3£ 14,
WIFSOCS3 7 TSTAT3 1] LR A HC CIBYT )
W, MROT E R T A £ 45 7 SO C S3 1K ¥ R
J5%5 7 AACN3052SOCS3, 12955 15 & Y 2 ol Ji g
M5, YIRERr Y1, [E] I e AA DR I I
SOCS38& A, MiiMHISTATIHE ML, 51w
S0 PRI B SR T, BT PR ) Th e

5 4518

KEAFHIFSESTAT3Z 5 THCCI R 4B b
HEHy, 0 AR ST STAT3 & 4 K 167
HCCTE# i | OIS TR KB, e o
ZEIUAT R R, AR ST AT PR Ry Ak
— IR B B AR SE R SRR SE. BT STAT3 /5
SHESBRAENE M, HHCCHIRAE. RER

et Feh, STAT3 A7 id 5 FoAth 2k D AR B 4%
RISt BUR (I LI Wl S o [ M (DS AN i
MISTATH G A B A HEAE A Tl f R HL A
FESLIRIOAG 5% Sl P iy 5 B R
KAEWRAR S BAERE— DRI HISTAT3 W HL siifTr
HCCH% al VAT Fp T D WFAE

6 ZEXW

1 Zhang Y, Turkson ], Carter-Su C, Smithgall T,
Levitzki A, Kraker A, Krolewski JJ, Medveczky P,
Jove R. Activation of Stat3 in v-Src-transformed
fibroblasts requires cooperation of Jakl kinase
activity. | Biol Chem 2000; 275: 24935-24944

2 Turkson J, Jove R. STAT proteins: novel molecular
targets for cancer drug discovery. Oncogene 2000;
19: 6613-6626

3 Bowman T, Garcia R, Turkson J, Jove R. STATs in
oncogenesis. Oncogene 2000; 19: 2474-2488

4 Bowman T, Broome MA, Sinibaldi D, Wharton
W, Pledger W], Sedivy JM, Irby R, Yeatman T,
Courtneidge SA, Jove R. Stat3-mediated Myc
expression is required for Src transformation and
PDGF-induced mitogenesis. Proc Natl Acad Sci U S
A 2001; 98: 7319-7324

5 Epling-Burnette PK, Zhong B, Bai F, Jiang K, Bailey
RD, Garcia R, Jove R, Djeu JY, Loughran TP Jr, Wei
S. Cooperative regulation of Mcl-1 by Janus kinase/
stat and phosphatidylinositol 3-kinase contribute to
granulocyte-macrophage colony-stimulating factor-
delayed apoptosis in human neutrophils. | Immunol
2001; 166: 7486-7495

6 Gong W, Wang L, Yao JC, Ajani JA, Wei D, Aldape
KD, Xie K, Sawaya R, Huang S. Expression of activated
signal transducer and activator of transcription 3
predicts expression of vascular endothelial growth
factor in and angiogenic phenotype of human gastric
cancer. Clin Cancer Res 2005; 11: 1386-1393

7 Fu AK, Fu WY, Ng AK, Chien WW, Ng YP,
Wang JH, Ip NY. Cyclin-dependent kinase 5
phosphorylates signal transducer and activator
of transcription 3 and regulates its transcriptional
activity. Proc Natl Acad Sci U S A 2004; 101: 6728-6733

8 Abe K, Hirai M, Mizuno K, Higashi N, Sekimoto
T, Miki T, Hirano T, Nakajima K. The YXXQ motif
in gp 130 is crucial for STAT3 phosphorylation at
Ser727 through an H7-sensitive kinase pathway.
Oncogene 2001; 20: 3464-3674

9 Lo RK, Cheung H, Wong YH. Constitutively active
Galphal6 stimulates STAT3 via a c-Src/JAK- and
ERK-dependent mechanism. | Biol Chem 2003; 278:
52154-52165

10 Chen W, Daines MO, Khurana Hershey GK.
Turning off signal transducer and activator of
transcription (STAT): the negative regulation of
STAT signaling. | Allergy Clin Immunol 2004; 114:
476-489; quiz 490

11  Feng DY, Zheng H, Tan Y, Cheng RX. Effect of
phosphorylation of MAPK and Stat3 and expression
of c-fos and c-jun proteins on hepatocarcinogenesis
and their clinical significance. World | Gastroenterol
2001; 7: 33-36

12 Desrivieres S, Kunz C, Barash I, Vafaizadeh V,

www. wjgnet.com



THOZE, 5. STATSERBIRE DA HRE

2245

13

14

15

16

17

18

19

20

21

22

23

24

25

Borghouts C, Groner B. The biological functions of
the versatile transcription factors STAT3 and STAT5
and new strategies for their targeted inhibition. |
Mammary Gland Biol Neoplasia 2006; 11: 75-87

Niu G, Wright KL, Ma Y, Wright GM, Huang M,
Irby R, Briggs J, Karras J, Cress WD, Pardoll D,
Jove R, Chen ], Yu H. Role of Stat3 in regulating
P53 expression and function. Mol Cell Biol 2005; 25:
7432-7440

Sun X, Zhang J, Wang L, Tian Z. Growth inhibition
of human hepatocellular carcinoma cells by blocking
STATS3 activation with decoy-ODN. Cancer Lett 2008;
262: 201-213

Yu XT, Zhu SN, Xu ZD, Hu XQ, Zhu TF, Chen
JQ, Lu SL. Roles of EGFR-Stat3 signal pathway in
carcinogenesis of experimental hepatoma in rats. |
Cancer Res Clin Oncol 2007; 133: 145-152

i, fhmlle, T, PURKE THL EET. STAT3
SR A AP I 2B M IEPRIFFAES
7% 2007; 23: 442-444

Niwa Y, Kanda H, Shikauchi Y, Saiura A, Matsubara
K, Kitagawa T, Yamamoto ], Kubo T, Yoshikawa
H. Methylation silencing of SOCS-3 promotes cell
growth and migration by enhancing JAK/STAT
and FAK signalings in human hepatocellular
carcinoma. Oncogene 2005; 24: 6406-6417

Ogata H, Chinen T, Yoshida T, Kinjyo I, Takaesu
G, Shiraishi H, lida M, Kobayashi T, Yoshimura
A. Loss of SOCS3 in the liver promotes fibrosis by
enhancing STAT3-mediated TGF-betal production.
Oncogene 2006; 25: 2520-2530

Yoshikawa H, Matsubara K, Qian GS, Jackson P,
Groopman JD, Manning JE, Harris CC, Herman
JG. SOCS-1, a negative regulator of the JAK/STAT
pathway, is silenced by methylation in human
hepatocellular carcinoma and shows growth-
suppression activity. Nat Genet 2001; 28: 29-35
Bagnyukova TV, Tryndyak VP, Muskhelishvili
L, Ross SA, Beland FA, Pogribny IP. Epigenetic
downregulation of the suppressor of cytokine
signaling 1 (Socs1) gene is associated with the
STATS3 activation and development of hepatocellular
carcinoma induced by methyl-deficiency in rats. Cell
Cycle 2008; 7: 3202-3210

Waris G, Siddiqui A. Interaction between STAT-3
and HNF-3 leads to the activation of liver-specific
hepatitis B virus enhancer 1 function. ] Virol 2002; 76:
2721-2729

Kim JS, Rho B, Lee TH, Lee JM, Kim SJ, Park JH.
The interaction of hepatitis B virus X protein and
protein phosphatase type 2 Calpha and its effect on
IL-6. Biochem Biophys Res Commun 2006; 351: 253-258
Bock CT, Toan NL, Koeberlein B, Song le H, Chin
R, Zentgraf H, Kandolf R, Torresi J. Subcellular
mislocalization of mutant hepatitis B X proteins
contributes to modulation of STAT/SOCS signaling
in hepatocellular carcinoma. Intervirology 2008; 51:
432-443

Koeberlein B, zur Hausen A, Bektas N, Zentgraf
H, Chin R, Nguyen LT, Kandolf R, Torresi J, Bock
CT. Hepatitis B virus overexpresses suppressor of
cytokine signaling-3 (SOCS3) thereby contributing
to severity of inflammation in the liver. Virus Res
2010; 148: 51-59

Machida K, Cheng KT, Lai CK, Jeng KS, Sung VM,
Lai MM. Hepatitis C virus triggers mitochondrial
permeability transition with production of reactive
oxygen species, leading to DNA damage and

www. wjgnet.com

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

STATS3 activation. | Virol 2006; 80: 7199-7207

Basu A, Meyer K, Lai KK, Saito K, Di Bisceglie AM,
Grosso LE, Ray RB, Ray R. Microarray analyses
and molecular profiling of Stat3 signaling pathway
induced by hepatitis C virus core protein in human
hepatocytes. Virology 2006; 349: 347-358
Blindenbacher A, Duong FH, Hunziker L, Stutvoet
ST, Wang X, Terracciano L, Moradpour D, Blum
HE, Alonzi T, Tripodi M, La Monica N, Heim MH.
Expression of hepatitis ¢ virus proteins inhibits
interferon alpha signaling in the liver of transgenic
mice. Gastroenterology 2003; 124: 1465-1475

Kanda T, Steele R, Ray R, Ray RB. Hepatitis C virus
core protein augments androgen receptor-mediated
signaling. | Virol 2008; 82: 11066-11072

Miyoshi H, Fujie H, Shintani Y, Tsutsumi T,
Shinzawa S, Makuuchi M, Kokudo N, Matsuura
Y, Suzuki T, Miyamura T, Moriya K, Koike K.
Hepatitis C virus core protein exerts an inhibitory
effect on suppressor of cytokine signaling (SOCS)-1
gene expression. | Hepatol 2005; 43: 757-763

Pan Q, Wang L, Sun HC, Liu YK, Ye SL, Tang ZY.
[Transcription factor activity profile of human
hepatocellular carcinoma cell lines with different
metastatic potentials] Zhonghua Ganzangbing Zazhi
2006; 14: 37-40

Yang SF, Wang SN, Wu CF, Yeh YT, Chai CY, Chunag
SC, Sheen MC, Lee KT. Altered p-STAT3 (tyr705)
expression is associated with histological grading and
intratumour microvessel density in hepatocellular
carcinoma. | Clin Pathol 2007; 60: 642-648

Niu G, Wright KL, Huang M, Song L, Haura E,
Turkson J, Zhang S, Wang T, Sinibaldi D, Coppola
D, Heller R, Ellis LM, Karras J, Bromberg ], Pardoll
D, Jove R, Yu H. Constitutive Stat3 activity up-
regulates VEGF expression and tumor angiogenesis.
Oncogene 2002; 21: 2000-2008

Xu Q, Briggs J, Park S, Niu G, Kortylewski M,
Zhang S, Gritsko T, Turkson ], Kay H, Semenza GL,
Cheng JQ, Jove R, Yu H. Targeting Stat3 blocks both
HIF-1 and VEGF expression induced by multiple
oncogenic growth signaling pathways. Oncogene
2005; 24: 5552-5560

Nasimuzzaman M, Waris G, Mikolon D, Stupack
DG, Siddiqui A. Hepatitis C virus stabilizes
hypoxia-inducible factor lalpha and stimulates the
synthesis of vascular endothelial growth factor. |
Virol 2007; 81: 10249-10257

TREEE, BRI, WIELF, 1S, Sk TRl
SOCSIMISTAT3E FHRRE L. TR ARG
2007; 15: 3310-3314

ik, Aol HH, TEE. siRNAJTERSTAT3ER
o N RE A AT A AR S0 A TR AR PR O TR 7T
A I L% 2007; 15: 3310-3314

SRR, ¥, Bee B STAT3 R X Sk fstt HepG2
FEra iR AR R B S E . SRR
2008; 24: 3811-3813

Fuke H, Shiraki K, Sugimoto K, Tanaka J, Beppu T,
Yoneda K, Yamamoto N, Ito K, Masuya M, Takei
Y. Jak inhibitor induces S phase cell-cycle arrest
and augments TRAIL-induced apoptosis in human
hepatocellular carcinoma cells. Biochem Biophys Res
Commun 2007; 363: 738-744

e, B, SR, W AGA90PAMKTHE4A
HIStat3 (&= s RN SL UG R. 4Hi 555
T F A 2007; 23: 1170-1171

Lin L, Amin R, Gallicano GI, Glasgow E, Jogunoori W,
Jessup JM, Zasloff M, Marshall JL, Shetty K, Johnson

| PG X4

B SRR R
SUSRAZ A R A8
FRFAITT E
EXORNGE A
B (#915-25/#%
FEAAR), W
BARFHEF) 5
HZ 9 2 ARRNA
B3 ZAN, #EN
m ) T ¥ R
Watson-Crick#k
B 7 ANEL T 6 R
w5 $e 4% B 5 7
PRI AR LEHM). B
R AR L iR
£ HHRNAZ &
J& T i it & Fh R
F] &4 AL ) 6 ¥
AR e k. T
ATARRK, £
— AR AR
B EETH K
SH%BME T
AR B (S ERA
B ) g 44 7, A
BB A% S B
BIT 254 eh 4
A, B RAHBR
T At — &
Rk Ay B A
FEhy.



2246 ISSN 1009-3079 CN 14-1260/R WRIENBIZE  2010E7828H 51835 52187
[ TaRa R Xt L, Mishra L, He AR. The STATS3 inhibitor NSC 74859 292:197-207
ALt BERF is effective in hepatocellular cancers with disrupted 42  Huang D, Zhang W, Huang D, Wu J. Antitumor
B, AELE S TGF-beta signaling. Oncogene 2009; 28: 961-972 activity of the aqueous extract from Sedum
@, s T —FR 41 LiF, Fernandez PP, Rajendran P, Hui KM, Sethi sarmentosum Bunge in vitro. Cancer Biother
FHCCH & £ G. Diosgenin, a steroidal saponin, inhibits STAT3 Radiopharm 2010; 25: 81-88
#, FRHCCiET7 signaling pathway leading to suppression of 43  FkJ7, 258, $FE, HEHSOCS3IL A HIIARIHREEN
éf? j’j ﬁﬁf’f}ﬂﬁ" proliferation and chemosensitization of human Kt N AR SN IR TE O IF 5T . MRV B TR 2R
) & .

hepatocellular carcinoma cells. Cancer Lett 2010;

2008; 25: 106-112

BB FEZ WH EWEE

ISSN 1009-3079 CN 14-1260/R 2010 A At Fi 4 N JH ka4

° ?ﬁAE\ °

2008 X A #t & 2 MA LRI N K% E%hB G HA

Jro T2 AR _ B AR _ FIRF
? HE FREE BEDER HE IRNEHS BEER
1170 JOURNAL OF GERIATRIC CARDIOLOGY 7 41 -0.99 0.043 41 -0.92
G275 WORLD JOURNAL OF GASTROENTEROLOGY 5432 1 3.71 0.792 6 0.52
G803 A 586 25 -0.49 0.594 11 0.14
G938 EFRIEIR RS 645 22 -0.44 0.294 34 -0.43
G415 BRI IS 663 20 -0.43 0.379 28 -0.27
G501 IBPRATARRRZYS 582 27 -0.50 0.441 22 -0.15
G658 IBPREZE 1709 8 0.48 0.356 32 -0.32
G257 IBERPARIZRS 875 16 -0.24 0.412 24 -0.21
G855 7 /=LA 314 32 -0.73 0.294 34 -0.43
G261 BRIV RS 836 17 -0.28 0.371 29 -0.29
G293 [IBPRITRZZE 408 31 -0.65 0.329 33 -0.37
G491 IRFEAIMMERRSE 161 39 -0.86 0.158 40 -0.70
G662 ARNZREERE 308 34 -0.73 0.279 36 -0.46
G523 ARNIBICSRE 34 40 -0.97 0.171 39 -0.67
G746 LIRS 312 33 -0.73 0.562 14 0.08
G190 HRENBRE 2480 6 115 0.547 17 0.05
G800 =17 619 23 -0.46 0.621 10 0.19
G326 BIRF AR ZRE 580 28 -0.50 0.415 23 -0.20
G083 INFDIIEHRAE 246 37 -0.79 0.361 31 -0.31
G419 INMERSHER 585 26 -0.49 0.410 25 -0.21
G260 DAY 553 29 -0.52 0.406 26 -0.22
G610 RIRR= 268 35 -0.77 0.366 30 -0.30
G234 PEE A 934 15 -0.19 0.557 16 0.07
G267 PEIAARIZSE 2309 7 1.00 0.487 20 -0.06
G211 PEBRRAG 1567 11 0.36 0.570 13 0.10
G380 PEINMEZE 256 36 -0.78 0.225 37 -0.57
G203 PEIVERESIVBAEERE 657 21 -0.43 0.562 14 0.08
G633 PEILRFL 680 19 -0.41 0.546 18 0.05
G119 PEBINZE 694 18 -0.40 0.406 26 -0.22
G231 ERTAERZE 3283 4 1.84 1.119 2 1.16
G235 PHESMERS 1168 14 0.01 0.730 8 0.40
G639 e FLREHRRAE 166 38 -0.86 0.207 38 -0.60
G876 HEZFININIERZS 588 24 -0.49 0.442 21 -0.15
G155 PR DINCEIZRS 1612 10 0.40 0.897 5 0.73
G156 PLERRIZRE 3484 3 2.02 0.788 7 0.52
G161 LIS AFRRZNG 1643 9 0.42 1.068 3 1.05
G285 HEBIENRRE 1314 13 0.14 0.578 12 0.1
G168 LB 2571 5 1.23 1.025 4 0.97
G892 PUEINRKBZRE 494 30 -0.57 0.657 9 0.26
G170 PN MEHEAE 4186 2 2.63 1.375 1 1.64
G172 PHEMRZAE 1501 12 0.30 0.489 19 -0.06
B 1154 0.520

U EHEEBE2009F R (PERSIBHISHERS ) ILR). RIS A B DR, 177-178.

www. wjgnet.com



