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Fig. 1 The role of STAT3 in the inflammatory tumor microenvironment

El 1 STAT3 7ER BB MEINE A 1ER

STAT3 AME T LE S8 40 v b I — R AU IR 2L 24T 0

JRATAE G IR PR 5 v (e A 5 P B 2 I

TAM. MDSC. Th17. Treg 254>

SPROPERE UM [N, STAT3 FGA th vy i 1 6 440 0 ) AU AF ELAE Y 5 (b IR AR SR 1 JEIE RO T JUCPE L LE SCHR A7),

321 TAM. [RAHICHE B4 B (tumor associated

macrophage, TAM)JE fE42 28 55 Mg 1¥ OC B 4t it

AT RS M AR Ty A KB T SR 1
SEPTHAR ORI R A . RIS, HEUEIE A



2014; 41 (1)

ZER, Z: STAT3: BURENSHEAXEMTARMXEDS 73

G MR A AR R IR G g R S RIS T e (i gk
R R BATTUE A B B R BE A R R AT 40
STAT3 [¥3% A4 P 44 5t WG 400 Ja 17) M2 ZRL B A AR
H5 Wy IL g AR DGR B TR ™. 7E TAM #le Ak ik
Firf, STAT3 & A6t nf {2 gk LR % IL-8 IL-23
SERAED 1, 5 F B AT AR T 5 o 40 A gk e 1)
RARIE, MATAEHE Th17 40 8504 A b e i g
AHCPEJERS, Ak, TAM W Bfi% STAT3 %Ak
8 HIF-1. VEGF S50k, MM 5k 25 e 1F )i g
ML A . TAM 78 STAT3 1S AL I 7 B il ik
B IL-10, @I TL-23 13 Treg ¢, M4
TR G2 2 185786,

3.22 MDSC. - il ds 447 1 41 i (myeloid derived
suppressor cell, MDSC)J& — #F 1 fifi ZH 40 i1, LA
JAE AR 3 A B R oA R A i e 4
P SR M 2L B S B 0. X LA B — 5 1 AT LA
B TGF- (it Treg 1734k, Y3 — 7 M JR AT
5 NKT 40 Mo 1) 424575 FH 2 st DC & T ik B2 4
LI S e 0GP . M AT ST 7R, STAT3 & 1k 2
MDSC [] J1967 40 LT I 5 S s 40 4 FH (1) A0 22
A, A8 IL-6 S5 JAED 1 IR, iR i Pk
MDSC [#] STAT3 8 & 5 i BE I AR 1,

3.2.3 Th17 41, 7 IL-6. IL-23 &5 2AED ¥l
BN, WAL STAT3 I B vl R {f %45 CD4" T k2
Y1 &35 RORyt, MITIAE 2 [7] Th17 434k, J57& 1]
TERERE IL-17 TL-22 Z5i 30F S5 40 J () 2% 1k e A
BRYERE IR A L AR 022 AT o, T T gk HAth 58 ik
I ORE T IL-6+ TNF-o0 S58E— 20 IO IR AH %
ik, TL-17 55 280E K1 IR ] gk e 40 A= 28 e 0 <
AR T3 988 L T s S5 L) AR 0 iR Rk R, T
Th17 %§ IL-17 11 53 Wh Ty RE IR 38 T STAT3 (1) 3%
ARG IR R R, R R P Th17 40 )
Fm ] 5 B R I AT I R SO e,
3.2.4 Treg /0. 554 T 4} (regulatory T cell,
Treg) e —#E I AT B KN 15 Foxp3 1) CD4'T
WK, LA S 52 e S B 2 s R
AR BRI OCHE 2. AR1M, STAT3 X Treg
PP DN R AR WA —. IRZ NIk, STAT3
JE N T WK EH i R IE Foxp3 BTy 85 1, 40
il STAT3 3 P nf 2 25 v /D g s il M Treg 194K
HIF R R TIR S B P IR Nk STAT3
A B Treg M)/~ 4,  HAANPE T 4 Mo rh i 4k (1)
STAT3 W] % Bh i} 52 Treg 1) 4 3% $ l  Fi o798
HHRIW AL, Treg nJ W& 440 Th17 40 i)™ A8 1) 28 ik

JEOR N, 13X — D BEAK A8 T Treg [f) STAT3 i
1I~/_;E[99]'

4 E0[E STAT3 BYMEETT iR itR

KT STAT3 1 “ % - 87 B A S RVEM R T
W S s A, H AT O KOG T I
STAT3 ¥ 97 M i AL e 22 wF 50 . Bk I,
STAT3 135 P 32 2 n] 3@ i L 5 s 38 47 FH I -
a. 20 N 7 A L2 AR AR I A W (i IL-6.
IL-6R/gp130 Z454)); b. Wil STAT3 LK A
Wil c. M99R STAT3 LU IBEIREGIS M d.
] STAT3 —%1k; e. BHWT STAT3 &Hfi; f. %
ik STAT3 (1) DNA 2545 B8 ) S e s koo on, - |
W, CJFR T STAT3 W7 2 - B 5
ks UK. Do TFHEY. FE H R REEIZE
i) A on,

4.1 IL-6. IL-6R/gp130 &Nl

KEMHF IR IE IL-6R 5 gpl30 & & W AE
STATS3 & b S Mg ke A= J i f vh 3 Ji G+ 90 ok
B A, gpl130 TE AR S AR N R R AR I 1
STAT3 & P34 & B Mg AE K ke, IL-6 J¢ IL-11
(1) 71N 53 -7 941 1 Madindoline A A #1171 gp130 (X
Tk - AR ZERAG, ST STAT3 i
PO A, SRR ) ) IL-11 R R T P
WI47A J&—Fi IL-11 IR, n v 25 2% i FBH Wy
IL-11R/gp130 EEHIE K. Hiif, CNTO-136.
CNTO-328 4 IL-6 il AN BB i
H1 Mg S5 IR v T ) — IR PR e v o,

4.2 BEERERIMEGHDHIF

S5 AT PR T 2, 1R WAl 410 151 7] (T A2 — 28 ] ]
EGFR %5 £ K B 12 & 1) /Ny TG 4. EGFR
TKI 44 25 K 7] 43 Sy 2 s Mgk 288 . s ki | e
e MERE, WAMRISRITT HEIRAS, b DU s
WRISTE PEdpe . IE PR LT, BFERR SRR, fT)E
Ble. ). Juig e LAl JE 5 EGFR
TKI O T W RIRES, Rk TV 2 g
IR I —Z% M. Har, 2R CfAA
THBEHLA IR 56 2 W] EGFR TKI B4 41284097 25 7]
30 3 U IR VR IT  AE E, HRRER ARG
BRI, R, XGRS E T — R
EGFR TKI R & i g £ 25 1) R A2 A7 2e00m,

HoAb % Sk TKI, G JAK2 #0767 AG490.
Ber-Abl 1 4] 571 PD180970. Src #11 il 71 SU6656-
MAPK 4171 i 7] PD98059. PI3K #fl 1 71 BKM120



* 74 - SMFEEMYIRER

Prog. Biochem. Biophys. 2014; 41 (1)

s W] S R AIC STATS3 (13 PEIs 10, JAK2 HfI
71 AG490 T4 IE 55 R e A4 P A1 i A 5 40 S R
J7 1 B0 T A0 I ) Rk R 1, JAK2 0 I 5
WP1066 %5 BAT(& > T e miEWRIAE . st
SEME R R A, ELREAE /N SRR P S 3 4
FAMAE DA T, R JAK2 (/89 TS A0
177 AZD1480 F1 AZ960 AL TR IR I rhus 14,
4.3 STAT3 #NHI5

STAT3 (] SH2 Ik 55 3 — ZR Ak S 0 IR A6 05 1k
AR, BRI R T, RIERR, B
PR i 2 1k %5 K, 40 Pro-pTyr-Leu-Lys-Thr-Lys ¥
Ac-pTyr-Leu-Pro-GIn-Thr-Val-NH, %, 7] &304 &
2 SH2 3, M1y i 25 PR AIK STAT3 HGPE. X110,
TP T AR M0 Ik 0 M, DR R A T T
. HET, WFFCEATTIE 20 2R L 25 0]
AT, DU 3R X S5 K (1) AR 4 3% s e,
T, NATTR AR AR A IR o] LA STAT3 13%
PE. DA, Turkson 55 1 IEAMH] T CPA-7. 1S3 295
SEARSSAMTRIGR,  F DA 1A 90 STAT3 I3l 45 1%
Jeet S bR 1) R AR s e Ak, AT B R )
I STAT3 /N FAGG ik, Siddiquee 550112
& T H N 725 S31-M2001. STATTIC %5
AT Bk BH T STAT3 — Akl T 7 SH2 X 4,1
e, I RrAEAA A0 00 L g A IR 1 R AR S R
J&. 38 STAT3 il 571 /2 & M ne DY o A 55 ZR %
IR, X359 1 BT STAT3 SHEILN &4,
MRS FLMES S /N2 s 5 e
(R AR, XU 5l 1 5 2R A% 17 R (double-stranded
decoys)ZE W IR v #E )T STAT3 3 P, Il
FITISK B 0 22 e 5 e g 4 i ) A 22130,

5 B E

ST STAT3 JE 18 1k JRE A i e 2F Ji& 1 i
(RISCHRE Y i, PR g9 B R T E0vF 2 0 P
R R A2 as, ¥ STAT3 a7 I8 1) I I R
L2 RIS E 8 b8 e A s 2 1K) — K. A
fri, BEERBIRARRE T E, DHTE IRt —2
KU IX AL [ 2 BUIMR ORI
RPN T R oy VAN TSI | 205
Bl AR

gr bRTIR, BEAERIE. . MREZ AR
MRS LR ZE, NTZEHTWIH T STAT3
A5 “GORE SR AU S B A, K R 2
FlAIT I K M R 6 97 A 56 AN R AR R X

2 % x M

[1] de Martel C, Franceschi S. Infections and cancer: established
associations and new hypotheses. Crit Rev Oncol Hematol, 2009,
70(3): 183-194

[2] Takahashi H, Ogata H, Nishigaki R, et al. Tobacco smoke promotes
lung tumorigenesis by triggering IKKbeta- and JNKI1-dependent
inflammation. Cancer Cell, 2010, 17(1): 89-97

[3] Park EJ, Lee J H, Yu G Y, et al. Dietary and genetic obesity
promote liver inflammation and tumorigenesis by enhancing IL-6
and TNF expression. Cell, 2010, 140(2): 197-208

[4] Mantovani A, Allavena P, Sica A, et al. Cancer-related
inflammation. Nature, 2008, 454(7203): 436-444

[S] Hanahan D, Weinberg R A. Hallmarks of cancer: the next
generation. Cell, 2011, 144(5): 646-674

[6] Grivennikov S I, Greten F R, Karin M. Immunity, inflammation,
and cancer. Cell, 2010, 140(6): 883-899

[71 Kuraishy A, Karin M, Grivennikov S I. Tumor promotion via
injury- and death-induced inflammation. Immunity, 2011, 35 (4):
467-477

[8] Yu H, Pardoll D, Jove R. STATSs in cancer inflammation and
immunity: a leading role for STAT3. Nat Rev Cancer, 2009, 9(11):
798-809

[9] Song L, Turkson J, Karras J G, et al. Activation of Stat3 by receptor
tyrosine kinases and cytokines regulates survival in human
non-small cell carcinoma cells. Oncogene, 2003, 22 (27): 4150~
4165

[10] Morikawa T, Baba Y, Yamauchi M, et al. STAT3 expression,
molecular features, inflaimmation patterns, and prognosis in a
database of 724 colorectal cancers. Clin Cancer Res, 2011, 17(6):
1452-1462

[11] Becker C, Fantini M C, Schramm C, et al. TGF-beta suppresses
tumor progression in colon cancer by inhibition of IL-6
trans-signaling. Immunity, 2004, 21(4): 491-501

[12] Grivennikov S, Karin E, Terzic J, et al. IL-6 and Stat3 are required
for survival of intestinal epithelial cells and development of
colitis-associated cancer. Cancer Cell, 2009, 15(2): 103-113

[13] Lou W, Ni Z, Dyer K, et al. Interleukin-6 induces prostate cancer
cell growth accompanied by activation of Stat3 signaling pathway.
Prostate, 2000, 42(3): 239-242

[14] Berishaj M, Gao S P, Ahmed S, et al. Stat3 is tyrosine-
phosphorylated through the interleukin-6/glycoprotein 130/Janus
kinase pathway in breast cancer. Breast Cancer Res, 2007, 9(3):
R32

[15] Kim DY, Cha S T, Ahn D H, et al. STAT3 expression in gastric
cancer indicates a poor prognosis. J Gastroenterol Hepatol, 2009,
24(4): 646651

[16] Naugler W E, Sakurai T, Kim S, et al. Gender disparity in liver
cancer due to sex differences in MyD88-dependent IL-6 production.
Science, 2007, 317(5834): 121-124

[17] Naugler W E, Karin M. The wolf in sheep's clothing: the role of

interleukin-6 in immunity, inflammation and cancer. Trends Mol



2014; 41 (1)

ZER, Z: STAT3: BURENSHEAXEMTARMXEDS

0750

Med, 2008, 14(3): 109-119

[18] Putoczki T L, Thiem S, Loving A, et «al. Interleukin-11 is the
dominant IL-6 family cytokine during gastrointestinal
tumorigenesis and can be targeted therapeutically. Cancer Cell,
2013, 24(2): 257-271

[19] Grivennikov S I. IL-11: A prominent pro-tumorigenic member of
the IL-6 family. Cancer Cell, 2013, 24(2): 145-147

[20] Owaki T, Asakawa M, Morishima N, e; a/. STAT3 is indispensable
to IL-27-mediated cell proliferation but not to IL-27-induced Th1
differentiation and suppression of proinflammatory cytokine
production. J Immunol, 2008, 180(5): 2903-2911

[21] Finbloom D S, Winestock K D. IL-10 induces the tyrosine
phosphorylation of tyk2 and Jakl and the differential assembly of
STATI! alpha and STAT3 complexes in human T cells and
monocytes. J Immunol, 1995, 155(3): 1079-1090

[22] O'Farrell A M, Liu Y, Moore K W, et al. IL-10 inhibits macrophage
activation and proliferation by distinct signaling mechanisms:
evidence for Stat3-dependent and -independent pathways. EMBO J,
1998, 17(4): 1006-1018

[23] Wei L, Laurence A, Elias K M, et al. IL-21 is produced by Th17
cells and drives IL-17 production in a STAT3-dependent manner.
J Biol Chem, 2007, 282(48): 34605-34610

[24] Stewart C A, Trinchieri G. Reinforcing suppression using
regulators: a new link between STAT3, IL-23, and Tregs in tumor
immunosuppression. Cancer Cell, 2009, 15(2): 81-83

[25] Kalina U, Kauschat D, Koyama N, et «l. IL-18 activates STAT3 in
the natural killer cell line 92, augments cytotoxic activity, and
mediates IFN-gamma production by the stress kinase p38 and
by the extracellular regulated kinases p44erk-1 and p42erk-21.
J Immunol, 2000, 165(3): 1307-1313

[26] Takatori H, Kanno Y, Watford W T, et al. Lymphoid tissue inducer-
like cells are an innate source of IL-17 and I1L-22. J Exp Med, 2009,
206(1): 35-41

[27] Jiang R, Tan Z, Deng L, et al. Interleukin-22 promotes human
hepatocellular carcinoma by activation of STAT3. Hepatology,
2011, 54(3): 900-909

[28] Kirchberger S, Royston D J, Boulard O, et al. Innate lymphoid cells
sustain colon cancer through production of interleukin-22 in a
mouse model. J Exp Med, 2013, 210(5): 917-931

[29] Jiang R, Wang H, Deng L, et al. IL-22 is related to development of
human colon cancer by activation of STAT3. BMC Cancer, 2013,
13: 59

[30] Sironi M, Breviario F, Proserpio P, et al. IL-1 stimulates IL-6
production in endothelial cells. J Immunol, 1989, 142(2): 549-553

[31] Kaplanski G, Teysseire N, Farnarier C, et al. IL-6 and IL-8
production from cultured human endothelial cells stimulated by
infection with Rickettsia conorii via a cell-associated IL-1
alpha-dependent pathway. J Clin Invest, 1995, 96(6): 2839-2844

[32] Kabir S. The role of interleukin-17 in the Helicobacter pylori
induced infection and immunity. Helicobacter, 2011, 16(1): 1-8

[33] Zou W, Restifo N P. T (H)17 cells in tumour immunity and
immunotherapy. Nat Rev Immunol, 2010, 10(4): 248-256

[34] Wang L, Yi T, Kortylewski M, et al. IL-17 can promote tumor
growth through an IL-6-Stat3 signaling pathway. J Exp Med, 2009,
206(7): 14571464

[35] Jamicki A, Putoczki T, Ernst M. Stat3: linking inflammation to
epithelial cancer - more than a "gut" feeling?. Cell Div, 2010, 5: 14

[36] Alvarez J V, Greulich H, Sellers W R, et al. Signal transducer and
activator of transcription 3 is required for the oncogenic effects of
non-small-cell lung cancer-associated mutations of the epidermal
growth factor receptor. Cancer Res, 2006, 66(6): 3162-3168

[37] Rane S G, Reddy E P. Janus kinases: components of multiple
signaling pathways. Oncogene, 2000, 19(49): 5662-5679

[38] Yokogami K, Wakisaka S, Avruch J, et al. Serine phosphorylation
and maximal activation of STAT3 during CNTF signaling is
mediated by the rapamycin target mTOR. Curr Biol, 2000, 10(1):
47-50

[39] Yoshida T, Hisamoto T, Akiba J, et al. Spreds, inhibitors of the
Ras/ERK signal transduction, are dysregulated in human
hepatocellular carcinoma and linked to the malignant phenotype of
tumors. Oncogene, 2006, 25(45): 6056-6066

[40] Yoshikawa H, Matsubara K, Qian G S, et al. 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(1): 29-35

[41] Bard-Chapeau E A, Li S, Ding J, et al. Ptpnl1/Shp2 acts as a tumor
suppressor in hepatocellular carcinogenesis. Cancer Cell, 2011,
19(5): 629-639

[42] Gu F, Dube N, Kim J W, et al. Protein tyrosine phosphatase 1B
attenuates growth hormone-mediated JAK2-STAT signaling. Mol
Cell Biol, 2003, 23(11): 3753-3762

[43] Irie-Sasaki J, Sasaki T, Matsumoto W, et al. CD45 is a JAK
phosphatase and negatively regulates cytokine receptor signalling.
Nature, 2001, 409(6818): 349-354

[44] Kleppe M, Soulier J, Asnafi V, et al. PTPN2 negatively regulates
oncogenic JAKI in T-cell acute lymphoblastic leukemia. Blood,
2011, 117(26): 7090-7098

[45] Zhou J, Wultkuhle J, Zhang H, et al. Activation of the PTEN/
mTOR/STAT3 pathway in breast cancer stem-like cells is required
for viability and maintenance. Proc Natl Acad Sci USA, 2007,
104(41): 16158-16163

[46] Hou J, Xu J, Jiang R, et al. Estrogen-sensitive PTPRO expression
represses hepatocellular carcinoma progression by control of
STATS3. Hepatology, 2013, 57(2): 678-688

[47] He G, Karin M. NF-kappaB and STAT3 - key players in liver
inflammation and cancer. Cell Res, 2011, 21(1): 159-168

[48] Bollrath J, Greten F R. IKK/NF-kappaB and STAT3 pathways:
central signalling hubs in inflammation-mediated tumour
promotion and metastasis. EMBO Rep, 2009, 10(12): 1314-1319

[49] Maeda S, Kamata H, Luo J L, et al. IKKbeta couples hepatocyte
death to cytokine-driven compensatory proliferation that promotes
chemical hepatocarcinogenesis. Cell, 2005, 121(7): 977-990

[50] He G, Yu G Y, Temkin V, et al. Hepatocyte IKKbeta/NF-kappaB

inhibits tumor promotion and progression by preventing oxidative



* 76 - SMFEEMYIRER

Prog. Biochem. Biophys. 2014; 41 (1)

stress-driven STAT3 activation. Cancer Cell, 2010, 17(3): 286-297

[51] Willson T A, Kuhn B R, Jurickova I, et al. STAT3 genotypic
variation and cellular STAT3 activation and colon leukocyte
recruitment in pediatric Crohn disease. J Pediatr Gastroenterol
Nutr, 2012, 55(1): 32-43

[52] Zhao G, Zhang J G, Shi Y, et al. MiR-130D is a prognostic marker
and inhibits cell proliferation and invasion in pancreatic cancer
through targeting STAT3. PLoS One, 2013, 8(9): €73803

[53] Zhang J,Lu Y, Yue X, et al. MiR-124 suppresses growth of human
colorectal cancer by inhibiting STAT3. PLoS One, 2013, 8 (8):
¢70300

[54] Zhang M, Liu Q, Mi S, et al. Both miR-17-5p and miR-20a
alleviate suppressive potential of myeloid-derived suppressor cells
by modulating STAT3 expression. J Immunol, 2011, 186(8): 4716—
4724

[55] Yang X, Liang L, Zhang X F, et al. MicroRNA-26a suppresses
tumor growth and metastasis of human hepatocellular carcinoma by
targeting interleukin-6-Stat3 pathway. Hepatology, 2013, 58 (1):
158-170

[56] Bollrath J, Phesse T J, von Burstin V A, et al. gp130-mediated Stat3
activation in enterocytes regulates cell survival and cell-cycle
progression during colitis-associated tumorigenesis. Cancer Cell,
2009, 15(2): 91-102

[57] Rigby R J, Simmons J G, Greenhalgh C J, et al. Suppressor of
cytokine signaling 3 (SOCS3) limits damage-induced crypt
hyper-proliferation and inflammation-associated tumorigenesis in
the colon. Oncogene, 2007, 26(33): 4833-4841

[58] Yu H, Kortylewski M, Pardoll D. Crosstalk between cancer and
immune cells: role of STAT3 in the tumour microenvironment. Nat
Rev Immunol, 2007, 7(1): 41-51

[59] Colotta F, Allavena P, Sica A, et al. Cancer-related inflammation,
the seventh hallmark of cancer: links to genetic instability.
Carcinogenesis, 2009, 30(7): 1073-1081

[60] Ivanov V N, Bhoumik A, Krasilnikov M, et . Cooperation
between STAT3 and c-jun suppresses Fas transcription. Mol Cell,
2001, 7(3): 517-528

[61] Iliopoulos D, Jaeger S A, Hirsch H A, et al. STAT3 activation of
miR-21 and miR-181b-1 yia PTEN and CYLD are part of the
epigenetic switch linking inflammation to cancer. Mol Cell, 2010,
39(4): 493-506

[62] Shen S, Niso-Santano M, Adjemian S, et al. Cytoplasmic STAT3
represses autophagy by inhibiting PKR activity. Mol Cell, 2012,
48(5): 667-680

[63] Niso-Santano M, Shen S, Adjemian S, et al. Direct interaction
between STAT3 and EIF2AK2 controls fatty acid-induced
autophagy. Autophagy, 2013, 9(3): 415-417

[64] Chen X, Xu H, Yuan P, et al. Integration of external signaling
pathways with the core transcriptional network in embryonic stem
cells. Cell, 2008, 133(6): 1106-1117

[65] Lee T K, Castilho A, Cheung V C, et al. CD24 (+) liver
tumor-initiating cells drive self-renewal and tumor initiation

through STAT3-mediated NANOG regulation. Cell Stem Cell,

2011, 9(1): 50-63

[66] Marotta L L, Almendro V, Marusyk A, et al. The JAK2/STAT3
signaling pathway is required for growth of CD44(+)CD24(-) stem
cell-like breast cancer cells in human tumors. J Clin Invest, 2011,
121(7): 2723-2735

[67] Lin L, Liu A, Peng Z, et al. STAT3 is necessary for proliferation
and survival in colon cancer-initiating cells. Cancer Res, 2011,
71(23): 7226-7237

[68] Schroeder A, Herrmann A, Cherryholmes G, et al. Loss of androgen
receptor expression promotes a stem-like cell phenotype in prostate
cancer through STAT3 signaling. Cancer Res, 2013 (DOL:
10.1158/0008-5472)

[69] Barbieri I, Pensa S, Pannellini T, etz al. Constitutively active Stat3
enhances neu-mediated migration and metastasis in mammary
tumors via upregulation of Cten. Cancer Res, 2010, 70(6): 2558-
2567

[70] Cheng G Z, Zhang W Z, Sun M, et al. Twist is transcriptionally
induced by activation of STAT3 and mediates STAT3 oncogenic
function. J Biol Chem, 2008, 283(21): 14665-14673

[71] Teng J, Wang X, Xu Z, et al. HBx-dependent activation of Twist
mediates STAT3 control of epithelium-mesenchymal transition of
liver cells. J Cell Biochem, 2013, 114(5): 1097-1104

[72] Nguyen D X, Bos P D, Massague J. Metastasis: from dissemination
to organ-specific colonization. Nat Rev Cancer, 2009, 9(4): 274~
284

[73] Xiong Y Q, Sun H C, Zhang W, et al. Human hepatocellular
carcinoma tumor-derived endothelial cells manifest increased
angiogenesis capability and drug resistance compared with normal
endothelial cells. Clin Cancer Res, 2009, 15(15): 4838-4846

[74] Aggarwal B B, Gehlot P. Inflammation and cancer: how friendly is
the relationship for cancer patients?. Curr Opin Pharmacol, 2009,
9(4): 351-369

[75] Waldner M J, Wirtz S, Jefremow A, et al. VEGF receptor signaling
links inflammation and tumorigenesis in colitis-associated cancer.
J Exp Med, 2010, 207(13): 2855-2868

[76] Wei D, Le X, Zheng L, et al. Stat3 activation regulates the
expression of vascular endothelial growth factor and human
pancreatic cancer angiogenesis and metastasis. Oncogene, 2003,
22(3): 319-329

[77] Kujawski M, Kortylewski M, Lee H, et al. Stat3 mediates myeloid
cell-dependent tumor angiogenesis in mice. J Clin Invest, 2008,
118(10): 3367-3377

[78] Judd L M, Bredin K, Kalantzis A, et al. STAT3 activation regulates
growth, inflammation, and vascularization in a mouse model of
gastric tumorigenesis. Gastroenterology, 2006, 131(4): 1073-1085

[79] Chow L Q, Eckhardt S G. Sunitinib: from rational design to clinical
efficacy. J Clin Oncol, 2007, 25(7): 884-896

[80] Zhang W, Sun H C, Wang W Q, et al. Sorafenib down-regulates
expression of HTATIP2 to promote invasiveness and metastasis of

tumors in  mice.

orthotopic carcinoma

Gastroenterology, 2012, 143(6): 1641-1649 e5

hepatocellular

[81] Sims J T, Ganguly S S, Bennett H, ez al. Imatinib reverses



2014; 41 (1)

ZER, Z: STAT3: BURENSHEAXEMTARMXEDS

0770

doxorubicin resistance by affecting activation of STAT3-dependent
NF-kappaB and HSP27/p38/AKT pathways and by inhibiting
ABCBI. PLoS One, 2013, 8(1): 55509

[82] Stahl A, Joyal J S, Chen J, et al. SOCS3 is an endogenous inhibitor
of pathologic angiogenesis. Blood, 2012, 120(14): 2925-2929

[83] Rhee Y H, Jeong S J, Lee H J, et al. Inhibition of STAT3 signaling
and induction of SHP1 mediate antiangiogenic and antitumor
activities of ergosterol peroxide in U266 multiple myeloma cells.
BMC Cancer, 2012, 12: 28

[84] Gironella M, Calvo C, Fernandez A, et al. Reg3beta deficiency
impairs pancreatic tumor growth by skewing macrophage
polarization. Cancer Res, 2013, 73(18): 5682-5694

[85] Kortylewski M, Xin H, Kujawski M, et al. Regulation of the IL-23
and IL-12 balance by Stat3
microenvironment. Cancer Cell, 2009, 15(2): 114-123

[86] Lee J H, Lee G T, Woo S H, et al. BMP-6 in renal cell carcinoma

signaling in the tumor

promotes tumor proliferation through IL-10-dependent M2
polarization of tumor-associated macrophages. Cancer Res, 2013,
73(12): 3604-3614

[87] Poschke I, Mougiakakos D, Hansson J, et al. Immature
immunosuppressive CD14'HLA-DR-/low cells in melanoma
patients are Stat3hi and overexpress CD80, CD83, and DC-sign.
Cancer Res, 2010, 70(11): 4335-4345

[88] Cheng P, Corzo C A, Luetteke N, et al. Inhibition of dendritic cell
differentiation and accumulation of myeloid-derived suppressor
cells in cancer is regulated by S100A9 protein. J Exp Med, 2008,
205(10): 2235-2249

[89] Vasquez-Dunddel D, Pan F, Zeng Q, et al. STAT3 regulates
arginase-I in myeloid-derived suppressor cells from cancer patients.
J Clin Invest, 2013, 123(4): 1580-1589

[90] Mace T A, Ameen Z, Collins A, et al. Pancreatic cancer-associated
stellate cells promote differentiation of myeloid-derived suppressor
cells in a STAT3-dependent manner. Cancer Res, 2013, 73 (10):
3007-3018

[911Yen BL, Yen M L, Hsu P J, et al. Multipotent human mesenchymal
stromal cells mediate expansion of myeloid-derived suppressor
cells via hepatocyte growth factor/c-met and STAT3. Stem Cell
Reports, 2013, 1(2): 139-151

[92] Numasaki M, Watanabe M, Suzuki T, et al. IL-17 enhances the net
angiogenic activity and in vivo growth of human non-small cell
lung cancer in SCID mice through promoting CXCR-2-dependent
angiogenesis. J Immunol, 2005, 175(9): 6177-6189

[93] Caruso R, Fina D, Paoluzi O A, et al. IL-23-mediated regulation of
IL-17 production in Helicobacter pylori-infected gastric mucosa.
Eur J Immunol, 2008, 38(2): 470-478

[94] Liu T, Peng L, Yu P, et al. Increased circulating Th22 and Th17
cells are associated with tumor progression and patient survival in
human gastric cancer. J Clin Immunol, 2012, 32(6): 1332-1339

[95] Kasprzycka M, Marzec M, Liu X, et al. Nucleophosmin/anaplastic
lymphoma kinase (NPM/ALK) oncoprotein induces the T
regulatory cell phenotype by activating STAT3. Proc Natl Acad Sci
USA, 2006, 103(26): 9964-9969

[96] Pallandre J R, Brillard E, Crehange G, et al. Role of STAT3 in
CD4'CD25'FOXP3*
implications in graft-versus-host disease and antitumor immunity.
J Immunol, 2007, 179(11): 7593-7604

[97] Laurence A, Amarnath S, Mariotti J, et al. STAT3 transcription

regulatory lymphocyte generation:

factor promotes instability of nTreg cells and limits generation of
iTreg cells during acute murine graft-versus-host disease.
Immunity, 2012, 37(2): 209-222

[98] Goodman W A, Young A B, McCormick T S, et al. Stat3
phosphorylation mediates resistance of primary human T cells to
regulatory T cell suppression. J Immunol, 2011, 186(6): 3336-3345

[99] Chaudhry A, Rudra D, Treuting P, et al. CD4" regulatory T cells
control TH17 responses in a Stat3-dependent manner. Science,
2009, 326(5955): 986-991

[100]Nelson E A, Sharma S V, Settleman J, et al. A chemical biology
approach to developing STAT inhibitors: molecular strategies for
accelerating clinical translation. Oncotarget, 2011, 2(6): 518-524

[101]Mankan A K, Greten F R. Inhibiting signal transducer and activator
of transcription 3: rationality and rationale design of inhibitors.
Expert Opin Investig Drugs, 2011, 20(9): 12631275

[102]Giraud A S, Menheniott T R, Judd L M. Targeting STAT3 in
gastric cancer. Expert Opin Ther Targets, 2012, 16(9): 889-901

[103]Ernst M, Najdovska M, Grail D, et al. STAT3 and STATI mediate
IL-11-dependent and inflammation-associated gastric tumorigenesis
in gp130 receptor mutant mice. J Clin Invest, 2008, 118(5): 1727-
1738

[104]Underhill-Day N, McGovern L A, Karpovich N, e al. Functional
characterization of WI147A: a high-affinity interleukin-11
antagonist. Endocrinology, 2003, 144(8): 3406-3414

[105]Dimitriadis E, Menkhorst E. New generation contraceptives:
interleukin 11 family cytokines as non-steroidal contraceptive
targets. J Reprod Immunol, 2011, 88(2): 233-239

[106]Dorff T B, Goldman B, Pinski J K, et al. Clinical and correlative
results of SWOG S0354: a phase II trial of CNTO328 (siltuximab),
a monoclonal antibody against interleukin-6, in chemotherapy-
pretreated patients with castration-resistant prostate cancer. Clin
Cancer Res, 2010, 16(11): 3028-3034

[107]Mok T, Yang J J, Lam K C. Treating patients with EGFR-

sensitizing mutations: first line or second line is there a
difference? J Clin Oncol, 2013, 31(8): 1081-1088

[108]Garcia R, Bowman T L, Niu G, et al. Constitutive activation of
Stat3 by the Src and JAK tyrosine kinases participates in growth
regulation of human breast carcinoma cells. Oncogene, 2001,
20(20): 2499-2513

[109]Li B, Chang C M, Yuan M, et al. Resistance to small molecule
inhibitors of epidermal growth factor receptor in malignant
gliomas. Cancer Res, 2003, 63(21): 7443-7450

[110]Park E, Park J, Han S W, et al. NVP-BKM120, a novel PI3K
inhibitor, shows synergism with a STAT3 inhibitor in human
gastric cancer cells harboring KRAS mutations. Int J Oncol, 2012,
40(4): 1259-1266

[I11]Meydan N, Grunberger T, Dadi H, et al. Inhibition of acute



* 78 - SMFEEMYIRER

Prog. Biochem. Biophys. 2014; 41 (1)

lymphoblastic leukaemia by a Jak-2 inhibitor. Nature, 1996,
379(6566): 645-648

[112]Iwamaru A, Szymanski S, Iwado E, et al. A novel inhibitor of the
STAT3 pathway induces apoptosis in malignant glioma cells both
in vitro and in vivo. Oncogene, 2007, 26(17): 2435-2444

[113]Hedvat M, Huszar D, Herrmann A, et al. The JAK2 inhibitor
AZD1480 potently blocks Stat3 signaling and oncogenesis in solid
tumors. Cancer Cell, 2009, 16(6): 487-497

[114]Greten F R, Karin M. Peering into the aftermath: JAKi rips STAT3
in cancer. Nat Med, 2010, 16(10): 1085-1087

[115]Turkson J, Ryan D, Kim J S, et al. Phosphotyrosyl peptides block
Stat3-mediated DNA binding activity, gene regulation, and cell
transformation. J Biol Chem, 2001, 276(48): 45443-45455

[116]Fletcher S, Turkson J, Gunning P T. Molecular approaches towards
the inhibition of the signal transducer and activator of transcription
3 (Stat3) protein. Chem Med Chem, 2008, 3(8): 1159-1168

[117]Turkson J, Zhang S, Palmer J, et al. Inhibition of constitutive
signal transducer and activator of transcription 3 activation by
novel platinum complexes with potent antitumor activity. Mol
Cancer Ther, 2004, 3(12): 1533-1542

[118]Turkson J, Zhang S, Mora L B, et al. A novel platinum compound

inhibits constitutive Stat3 signaling and induces cell cycle arrest
and apoptosis of malignant cells. J Biol Chem, 2005, 280 (38):
32979-32988

[119]Siddiquee K A, Gunning P T, Glenn M, et al. An oxazole-based
small-molecule Stat3 inhibitor modulates Stat3 stability and
processing and induces antitumor cell effects. ACS Chem Biol,
2007, 2(12): 787-798

[120]Schust J, Sperl B, Hollis A, et al. Stattic: a small-molecule
inhibitor of STAT3 activation and dimerization. Chem Biol, 2006,
13(11): 1235-1242

[121])Jing N, Li Y, Xiong W, et al. G-quartet oligonucleotides: a new
class of signal transducer and activator of transcription 3 inhibitors
that suppresses growth of prostate and breast tumors through
induction of apoptosis. Cancer Res, 2004, 64(18): 6603-6609

[122]Leong P L, Andrews G A, Johnson D E, et al. Targeted inhibition
of Stat3 with a decoy oligonucleotide abrogates head and neck
cancer cell growth. Proc Natl Acad Sci USA, 2003, 100(7): 4138~
4143

[123]Gu J, Li G, Sun T, et al. Blockage of the STAT3 signaling pathway
with a decoy oligonucleotide suppresses growth of human

malignant glioma cells. J Neurooncol, 2008, 89(1): 9-17

STAT3: The Key Player in The Network of Inflammation and Cancer”
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Abstract

Within several decades, the area of inflammation and cancer has attracted great attention. During the

process of tumor initiation and progression, a variety of inflammatory cytokines including interleukin-6 entangle

tumor cells and the surrounding tumor microenvironment into an inflammatory net; STAT3 (signal transducers and

activators of transcription 3) is the key player in the net that persistently promotes tumor development. This review

begins with the composition of STAT3 signaling pathways, and discusses its role in different cell types regarding

the network between tumor cells and tumor microenvironment, and its advance in translational research on targeted

cancer therapy.
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