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STAT3{E S 1R 7E = FA M FLERE P AU R T R

B EL
(‘WS EERER ST TR, PRI R 010059; P9 52 7H i DRI B2 e BLRL, HEATIERF 010020)

BE =3B (triple-negative breast cancer, TNBC)& —Fr4k Z i & L R R X fn AL K
KA KEF ;rJiQ(human epidermal growth factor 2, HER2) B 438 6 FURR & LAY RAE VAT E 06
97 2 ’x:}mHERz HG I, MBR HEEH. AAEG. AAFK B EFHE, BITTNBCE#
4476 I3 AR %“‘%Mhﬁ Bl ok ® FRIGE 7 k. SR ATER, LmREIENE T4
E%;i‘fé‘ﬂ'hl F3(signal transducers and activators of transcription 3, STAT3)4 5 7 TNBC#) & 4 . it
B BEEHH. oF A RAent s FidA2, ok, EAIT STATIH LB T/ F i
BRI AR R LR ) F 95 4R . E X B EIRITSTATI A TNBC P 49 42 AU 4] A BAE 06 77 Fe b
4 5L A AT R

KR =PRI (5 S S A AL T3 (R Sl

Research Progress of STAT3 Signaling Pathway in
Triple Negative Breast Cancer
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Abstract TNBC (triple negative breast cancer), which lacks expression of hormone receptor and ampli-
fication the gene of HER2 (human epidermal growth factor receptor 2), is one subtype of breast cancer. As it can
not be treated by hormone therapy or anti-HER?2 drugs, it has the characteristics of easy metastasis, high recurrence
rate, low survival rate and poor prognosis. At present, the treatment for TNBC patients relies on conventional che-
motherapy, so it is urgent to find new therapeutic targets. Studies have shown that STAT3 (signal transducers and
activators of transcription 3) may participate in the occurrence, progression, invasion and metastasis, angiogenesis
and drug resistance of TNBC. In addition, a new path of interaction composed of upstream regulator and down-
stream target of STAT3 is found. This article aims to explore the regulatory mechanism of STAT3 in TNBC and its
application prospect as a therapeutic target.

Keywords triple-negative breast cancer; signal transducers and activators of transcription 3; signaling

pathway
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R PR v AN TRUIG 2 S5 RE A, A FLR R P T e 22 1Y
WP H AT, X TNBCHIH LG AR T4 97,
RN, R, MRERERMUNIT IR, H
TNBCHL 525 5 6 A7 254 7= AL T 24 14, A% 2 H B0
TR I 2R BIIEAR, BT AR & 2= S BURTT R
JRIBET:, A L SR TNBCHT 1 7A 7 #8052 oG B 2L,

55 T RN S0 TR 73 (signal transducers
and activators of transcription 3, STAT3)/&STAT % Ji&
Wz —, AL, T2 A A K
BAHEMERY, HAMEKIN, STAT3 SR M 1%
et RN G M. kiAW AR A 7S T AR
BALEIFE A 52 110 H, STAT3 A gk FLARIE . k3
Jis AR/NARRRANEE . KW SR AT DL L R S
i A, DRI RSN T e YR 7 R B AR B AR, E 2
FUE R Z PRI, STAT3#: Frai, 18 e A7 7E
T2 A% I U s A IR () e SR, IX B PR N STAT3
(2RI WS o T AR TR R B, 7 —ZH 140 FL e
Y R, AXAETNBCA i & I 1 41 R 380 1)
STAT3, H.80%HJSTAT3H 4L e HE", bl I,
STAT3 1] g &I 77 TNBCH)— AN FLELE /4

1 TNBCHIS F4rEY

TNBCHZ =1 5 53 o P 0, 44 18] () I RV 97
s 25 B K, B RIA B HEE T H I, 1
SRR EE, HAl EEREER. PRANHER2
(1) 221K 1R 2H 23 B 3 2 235 BT UM 23 28, O T
BRI FRARTE (1) 5y 10 BUBEE [ e, AR RN Rk
P TNBC /18 22 5, St FLAR I kAT 0 8, B
ICTNBCI 73 7 A AR MEIBT

20114F, LEHMANNSEU i i 7 0 g (1) R PR 3%
BB HE TOFTNBCIE AL, 4 5 A 2Rp L i
FEBLIFIBL2). A A5(AM). [H] 78 )5 BL(M). [A]
7850 T 4 B A S Y (MSL) AT Ji5s A i 3% 52 4 I Y
(LAR). 20134F, Ehn-6: B bR gL 22 W e LT
MRS 4> 7 AL 4% i A(Luminal A, ER'PR'HER2
Ki67°<20%). & FEB(Luminal B)%r A2/~ W 74, Rl
HER2 V. BY(ER*F1/8{ PR ' HER2 Ki67"=20%I{PR )l
HER2". 7 (ER*f1/E{PR'HER2"). HER2id % ik (ER
PR, HER2: 3235 5y 19 ) 2L i 41 il A (Basal-like)(ER
PR'HER2) UL S HAMAF R A, %4> F o B 2l 7z
ia T 7L I s R g s i, 20164, LIUSE R
b N B R TR 51 55 07 1%, S T mRNAFI K

AE4iFSRNA (long noncoding RNA, IncRNA) [ iA1:,
XFTNBCH: AT 73 T 8 T 4R TNBCIE AL Ay 4
e A (M) B I I RS2 AR L AY(LAR) [
70 J5UFE Y (MES) FH1E JECRE fe e 41 1) 4 (BLIS) M 2 .
20184EJINZEI, 2019 JOHANSSONZE IS 4T T
TNBCHIAS [ MBS i 5 e 8 1 R 2 5 R o0 o I A
K, TEIX L A58 BT BUAS 1 32 f o S5 7 TNBCIE 24 (1)
SR, AR RS R T ) R AN AR T T 5.
&, BT i 5l R S T A7 — E 280, IR
A EAR T ATER . PRATHER2 () %0 33 414k ety
YER S PRI, TNBC 13034 (8 42 Ak 1 AT
Tt A

2 STAT3E T
2.1 STAT3HILEH

STATZK Jif 7/ A [F) 525 [ 40 A (1) % 03 4H Bk, 20
5 A: STAT1. STAT2. STAT3. STAT4. STATSa.
STATSbFISTAT6. STATZ Jik N i & R 5F 45 #4, Fik
22 V6] () 5 e 45 B AN AHABL. - STAT3 HH6A™ 45 44 38 21
B (1) NoR Ui 25 #438(N terminal domain NTD), £& &
STAT3 A I SDNARIZE 5 (2) 45 e 28 8] 25 F 3,
(piral coil structure domain, CCD), /-5 STAT3 5 HAth
BB EARE D, (3) DNASE A 45 F438(DNA binding
domain, DBD), iR 7| %7 i€ HIDNAJF %1 J& B STAT3-
DNAE G, (4) &L HIB(LD), 25 4 i
PG IR . (5) Srcld] YE24% #4 3k(Src homologous 2
domain, SH2), 1 -4 & B2 7 L BB I =
PR B FE XL 55, W STAT3 B T3 K i) Janus i i (Ja-
nus kinase, JAK)PH/T, MMy 5 S0 2 BR W B X STAT3
(B 1L, P SH2X2ANSTAT3 Bk (1) — Rk th 22
KRHEEL (6) CR Uiy S IHE 25 #38(C terminal trans-
activation domain, TAD), 7 15 3 K] 5 KPR B 4% o
T VE R b 7 1 22 B R iR 5 (Ser727).  Fi4b, STAT3[1)
WIS A 2T R AL 55 20 1 SH2 b () B B IR
Bk H(Tyr705) FITAD b (1) 22 Z 1 5% 3 (Ser727)(E 1)
STAT3 > S M S AEAS 5 4 T Sk TR e s 0 v
B AR A, DR, JE T STAT3 [ 45 My IR AE (1) 2
W, TR T s s Rt A ) 77 5 B AR I SR A T 1
Wz el

STAT3AFAE2 R T 221 [ T AL 4K STAT30(770
AR, 92 kDa) il # FSTAT3B(722 1 & % 1%,
83 kDa), ‘EATAE AN T23 ik PEME B B AR Bk, L rp
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1 130 320

465 585

STAT3¢ | NTD | CCD |

DBD

A

STAT3p [ 130 | ccp |

DBD

1 130 320

STAT3PHk Z CoA i Sz A0S 45 M3, AR5 7RIS I U 5L BR . NTD: NoR I £ f4)3; CCD: IR ZL 45 14 3; DBD: DNAZE & 45

B HIg; SH2: SrelFIIR245 M3, TAD: CoAH S s 45 #3.

465 585

688

722

Kyl LD: #

STAT3p lacks the C terminal trans-activation domain but carries seven unique amino acids. NTD: N terminal domain; CCD: spiral coil structure do-

main; DBD: DNA binding domain; LD: connect the domain; SH2: Src homologous 2 domain; TAD: C terminal trans-activation domain.
E1 STAT3aFISTAT3BHEILZEH
Fig.1 Structures of STAT30 and STAT3p

STAT3ay = E BT A JE 30, 5 4 KSTAT30MH L,
STAT3BEk = TADZE 445k, B It ToSer 7215 MR AL L 55,
HE BATN R AR SR R E(E, dT28FE
T RISTAT3S k4 1) 22 53¢, FAEW) AT WA BT A
I] o STAT3 o) 25 Jist AL 037 1 B0 i 4% S S ER A Y,
BNy — PR R, 1T STAT3BI 2 —FhA 24
e IR 1

W9t % B, STAT30MISTAT3BAE A 4 o 35 7 o
JL[F] Rk, STAT3aff) 4% /K P i & T STAT3!.
STAT3BLENHISTAT3 0 i PEBGE HI RN, 2 5% E
e DR 3¢, tn ) R (e ZRgU 0, L e A i g )
AR SR H T PRk, STAT3BY R IA W] A2
STAT3#FENLEI 2 —. EPfESTAT3BIIIR Z AL Ak
B, AP B TR A TR L
2.2 STAT3ESIBER S A

M R STAT3 R0 A& HH 40 Mo PR 1~ 52 A B $51L-6
A SRR AR S SZ AR WITAK T S PRV (re-
ceptor tyrosine kinase, RTK) U7 i A= K [K -1~ 52 1K (epi-
dermal growth factor receptor, EGFR). {424 K [K]
52 f&(fibroblast growth factor receptor, FGFR). [fil
IR AT AR AR KR T 52 A8k (platelet-derived growth factor
receptor, PDGFR) A1 52 4 1% 28 IR I g (WiSre. Abl)
FIBER 1L K 5 B ;5 BE4h, microRNA. Tollkf 3244 &
G B ELAZ21K(G protein-coupled receptor, GPCR)
BEIE STAT3RY

2 i DAL 52 1 38 S B L R TG 2 R T
T, WO T I 2 BRI A DS 2 AR (L iR & L)
7eJAK). IL-67& STAT3 A% Geisi 711, [Nt /2 vF %
it 988 sHJAK-STAT 35 538 i B0 1) B Z 3R 3 K 1,
IL-6 5K R ) 2R SRS & 5, 15 S gpl130[A)E — 5K
B TR M. gpl30Z A B AW — BRI ZHF

ZERTAK, JAKTE SRS A3 0 M S 23 ey A B ) T

+
@i

FEUSTATIHI SR, b5 456 1AL s (I STAT3 4% 43k
(T ARG Tt R B 1) 455 o % 2 2k ik o T £ T 98K
o AR SRR S BR BB Sre A AbI L BE LT STAT3,
P& 1k B STAT3 B A4 T i [] I 55 5 STAT 1JF il 57 YR —
BRI R 20 A%, NN A% ) 5 ¥ 55 R s 3
T IX 4 _E RS R AI(TTCN3GAA) 45 &2, T 7~
AR R #5554k, RTK AT LU STAT37E 32
A ) i1 T 2 R T VSR M AL STAT3 B B R AL
STAT3[%: T fEY 705818727 b KB B Ak 1& 1, i6H
T BRI e B, k. 2R, 2Bk, S
JORH R AL RS- SE R A0 227, AT T3 5 STAT3# 3 1i%
P SR EBALRIERRA G,
STAT3 i #0 HE (Rl v] Be A S A M3 Al T
S dmbl. RONE. RRMER . M4 RS HEEA
R, BT A S 3 1 A VA DR e A
Berp = A0 437, NI 51 RS STAT3 4 et 380, FE4
T 25 g8 B (Ueyclin D-1. c-myc)s TN
Bel-2. survivin), G AN HI(WIL-10). R GE(ANICOX-
2. IL-6. IL-174). REMEFERQIFELEA. R4
JRE AR M4 R(WVEGF. HIF-1aw HGF)Z R
AR RL DR (2R IA, DAL R dhHhe ) R AR A R, 3
W, STAT3VF 2 R R gm g A IR 7. A
R0 AR R IR F(WITL-6+ TL-10. VEGF), X
UOBUESTAT3E 546 3, TR T At B 70 W S 158,
NI R STAT3 [ 2H et B B 41 17 46, 1% S i5h
X B AN SR gl B OCH R,
EA RS LT, STAT3 (S 5 3 I 130 2 48 B
[, AT E K S N FERIPIRAS, BAB b5 R N Z F
PR B AR TH RIS DR I R %, 32 B A 4 45
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T4l K115 5 % 5 40 7 (suppressors of cy-
tokine signalling, SOCS). % £ F{ISTAT & 1 41 i1 77
(protein inhibitor of activated STAT, PIAS). & %%
R 1 FR i (protein tyrosine phosphatase, PTP). 72 Z&—
WA/ RS, i, SOCS3EJAK-STAT3E Ei T
WAL IR, 4k P HITAK L. JAK2FITYK?2, %tgpl130
B SN E AN ARG CEE Ntz T
STAT3({E S AE 1L W A&t I SR A, X L8 A i
DR B A 1) R Ak 9D W] 3 BS TAT3 ) 28 Jse P 38
T, XM G A R S T S F

3 STAT35TNBC

STAT3 M EUEE 71 ) V2 AT, B2 5T
SHMLIEGE. PURATI. TRIRAE. M4 W25
(LR ) FRIK (B2). STAT3{ETNBCH i & ik Fl 4
FRPEBE, X 5TNBCHI R A B, 22855, 1L
A LT 24 v AR O
3.1 STAT3STNBCHILZH

TSR, VF % 223 S IncRNA. microRNA. IR
RNA(circular RNA, circRNA) 5 TNBCH] % R #4171
I3 BIE AT, R BlmicroRNAGE i3 STAT3AH 5% 38 % 78
TNBCK At & X EEIER.

STAT3
STAT3

SONGEEF Fi A I, 368 3 370 BR 0 ook 3 0k % 5%
% B 5] T~ AB A2 2% 1 4(transcription-assisted factor
deformable protein 4, VGLL4)iE B, VGLL4/2TNBC
44 PR 7R G B Jie 98 #0k [R -, VGLL43# i 5 STAT3 4H
A A i STAT3 2K &, AT 5 BISTAT3 5% 3% 7= )
(Wcyclin D-1R1Bcl-2)f N . 2 — 5 8 50 % 9,
miRNA-454 1% 15 2 1 38 i 8 ) 400 ] VGLL44k 1] 75
TNBCH & % 80 7 . IX 32 7%, miRNA-4541] g
018 32 Ji 83 1) % A o ZHENGZE IR FH 4 0, 57 40 928 1T
JE(ChIP)FTRNA % %8 UL UE (RIP) /7 14 K B, circSEPT9
A 78 MmiRNA-637 1“6 477, FF 3 5 TNBCHH Mg 1)
g, ERAURZE, SR B, I 4 )
[Xl-¥(leukemia inhibitory factor, LIF)f&miRNA-637H]
BEAEEER, 378 circSEPT9/miRNA-637/LIFf i85
LIF-STAT3i& 12, #2 7circSEPTO A fE i i i G LIF/
STAT3/% 5 il i KA HETNBCH) & . HiZAE#H I
H B IE circSEPTO /2 Ji it STAT3 B #2 /2 HETNBC ) &
A1, W R R IR R HALE] . AR, JINSEPHE
B, ESM- 13 3 ik @ ik 1 17 i IR AL NF-xB AT i 12 1t
STAT3Z: 5 iU ¥ 77 I TNBCAH L ) & A=
3.2 STAT3STNBCHI# R

ST B P S 488 % O T O A B v e g

Cell membrane

——#f STAT3

Survivin, cyclin D-1,

c-myc, Bel-2, Bel-xL, Mcl-1
, XIAP, MMP2, MMP9, Twist,

VEGF, HIF-10, NF-xB,

MRP2, MRP6

Translation

‘ Target gene transcription

Wyiyy mRNA

E2 STAT3ZETNBCHHIE 5@
Fig.2 STATS3 signaling pathway in TNBC
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() EL B A, STAT3 EAY ) iZ 1) T iF 4 & K], STAT3
B A W survivin, cyclin D-1. c-myc. Bcel-2. Bcl-
xL. Mecl-1. XIAPZ: R #8035 KR40 4 TNBC I L )
JHT, RYISTATI W 582 5 41 ffw J&] HA 1k e 5 4 g
eSS

Je i S TR, survivinge I8 T2 8 I #0 ]
TR 2 —, FE IR il caspase )7 14 K
BEL W 248 i 9 T2, STAT33H 3 Ssurvivinlt) )5 81 145 &
M A2 33 L e (1) 3 5. CHENGE5PY3d it qRT-
PCR B 6 52 A4 A Jirh 9 52 284 S 3 40k B, 00 o) i o 8
F11A] FH TSTAT3 £ kAL, JF FH T STAT3 Ssurvivin 3
ST HIEE A, P dlsurvivin ) 7 56 5 BT TNBC
[ € . PARASHARFEPR I, miRNA-551b7] 3 5%
TNBCHH i 1 20 M 3 5 . 3L F11R 28, AR FH AL,
HE— Bt 5T R B, STAT3:d i il 25 M(oncostatin M,
OSM)Z R 0l U 15 5, 1288 i Bic A OSM AN
IL-31 64 & & A11 1 % AROSMRAIIL-31RAZL i, T &
OSMZRFE R ZIE I H 7 W1, M58 7 TNBC
YA STAT3E 5 AR (@ P LM TNBCIE & -
3.3 STAT3STNBCHIRZ 54

STAT3Z 5TNBCH ¥ # J& T B TNBCTil /5 A
R OCHE () K 3%, STAT3 A3 (1) 40 i 4% 7% B WL 4
]z WA . STAT3iE i L i 3 i & 8 & (1 B 2(ma-
trix metalloproteinase 2, MMP2). i &)@ EH
9(matrix metalloproteinase 9, MMP9). TwistFVimen-
tin%E N ALIE R 5 I TNBCANI IR B 55 .

MA S5 PO FH 52 51 2 i 5 /9% £ 5 e % T iE
LRI, BEERAL I STAT3 Al 5 M 3 2% A < %2
& -a(estrogen-related receptor-o, ERR-)[1]JA 2l 7454
RS H A 5, B0 AR I, ERR-0/2 STAT3 i
5 ) o< B ¥ 3E (K], ERR-oF 1 Zebl. N-45 %% 2 (4 fl
WIVEAMERE, T IHESS R & RIS N fE it
TNBCH bR -l tL . iLfe AR 28, LIUSEETR I,
e 7~ 4E B 2 45 A 52 [12(gametogenetin binding protein
2, GGNBP2)[3d J& 33k 2 PR IRIL-6/STAT3 /5 5 113
T M AN HITNBCI R 28, X & TNBCH 4 (1) #
BNLE . R B BT B AR, B B A e ek
AMFN SRR SUSER . A B TR B,
R A AT 5 BL-6 B, WTTAE S & 55 70 Wl 3 43
WAIL-611) 98 11 34 B3 Hh UE JAK2/STAT3 M5 5 LA i
TNBCH12 22 TR0, Mt 9 FNERFE SR TT V21T g
& ) 7L e i R ()6 T BT SR

3.4 STAT3STNBCHIMME4 AL

178 A= B P ggg 1 2B K S5 R B 3 AR G, bR
YT M Y T A I ) D A i 4 B R A T2 2B RN e 7,
STAT3 /& TNBCH IfiL & A Jl 1 B 2428 Kl F-. STAT3
B3t FMVEGF. HIF-lo. HGFAIbFGFS: i # 5
(R i TNBC I I A i

GH A EBME R 524k (G-protein-coupled es-
trogen receptor, GPER)J& T GPCRZE %, & ERM)—
Fh. LIANGZE: B 58 R B, TNBC & & 414
H 57~ , GPER W] LLBH B A IL-6F1 VEGF-A, X471
TNBCHH fifu if & A s AZ 22 i s R, i3k — 0t
FURIN , GPERX IL-6 ()40l £ F AT 38 i #0i] TNBC
YNBEIRIL . BRIR AL AN /A% 52 A R i HIF- 100
STAT3{E Tk LI . AP E A1, VEGF 2 Il & A4 %
REENN T —, HRPEBOE R STAT3 H %S 5
VEGF i FE ek, (R A5 Mebygg i 7 A8 jl 041, iy 5L
FTid, GPCRAE G STATIH AL b i (k2 12, iy
GPCRZK % 1) GPER:# i 411l IL-6F11 VEGF-A i 1y 411
I I AR B, H IO Fh o I 1) 45 18 W Re 2 BT s
TRV S DR 40 L 2 R RN YA T 2% A IR R[] BT 3
WANGZEWha i i H AEWE B % TR, 7271 =
FhALHE /N BB A /N B R BCRE A A 2 B, IncRNA
% i 1) 22 IKLINC00908(ASRPS) ) 3 i& Il /> TNBC
() I AR R, 1 — 2R A 9T R W], ASRPSIE i CCD A
STAT3 i & 4 B 5 STAT3 45 &, Ml S 3 VEGF#
TR BRAR, 2T 9/ TNBC ) L 19 A B o
3.5 STAT3S5TNBCHIMZS

A ZE ST IR SR VR TT IR 1R 3 v, T yRg e B
ZyPE A2 H AT IR R YT 0 = B AT . STAT35 iR 1
i 24 14 1) 5% 2R EL T V2 I 90 STAT3A: 5 (1 24 14
N ISR FR L FEHIF-1a. MAPK/AKT. oct-4+ c-myc-
NF-kB. 2 #jifi £ #H 5% 25 I (MPR1/2/6). p-B &5 H
(p-GP)F5-

HIF-1os2 ffif 24 14 1 G HE R 32 . WANGEEH I 5
RIL, IL-6 7] 38 18 J4E TNBCEH il RMDA-MB-231+H
(ISTAT3 K 75 FHIF-1aff) i, #UE 5 7 TNBCH i
25, ANE R, RRHIF-1o)5, 38 1 52 m 1 T4
K5y FBaxMIBcl-2 1) # 1k LL & P-gp MIMRP1 ] £ 15
T PRk 55 T MR A M R 24 1 . 7R S — Tt A R R
L, FEAREE S, MDA-MB-23 148 g %6 A £ B )
B AR AR HE 7 TNBCKT WA [ i 24 14, m(RHIF-1o3F
KGR S 251, 3E— DR B, STAT3
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(80 TT REJE I I ABCHS 12 & [ JC H /2 ABCC2
FIABCC6, MK T i 80175 3 [ T 24 149, STAT3
75T FHIF- 1038 X AEAR A5 5 1R 245 7 9 7B FH
ELARPLH A B, F5 R AR T, WANGEEHR I,
IL-227] LU #FJAK-STAT3/MAPK/AK Ti& 4% i35 1k,
M 5 5 LR R IR A RV AS B 261 . A A
B, TNBCH I 4 A 38 ) IL-6 8K IL-10/STAT3/IK -
BKE/NF-«xB#Hii# T TNBCHH i 4 BETHI 1) 77 1 Bk
(Al I, #0H IKBKES A E | BETHISTAT3 1] g2 ¥
JYTNBCHIHT 7 [0, LIZEUIRE 70 & B, FETNBCYH
Ji R X miRNA-221/222 1) S8 m) #1014 F T4 2 M
75T I AR IR T, 50044 &1 20 B GT IGUEC (10 Rk 1k,
HE— W50 KB, SOCS1-STAT3-Bel-238 43 ()0 1] A1
P53-PTEN/E 5 [ 305 3 7] 38 I0HTmiRNA-221/2221%5
5 11 e TR 00 T MUY ) SRR o R AT RS AR /S BRE
R R I, M5 HimiRNA-221/22285% &4k 57 1 sl fie
T () AR R T H B S AR, R HEMIR4A 5 miRNA
AT A2 7607 TNBCIRI T S50 o

4 STAT3STNBCHIATT
AR STAT3 W 55 R] 73 M2k, (1) (R4 T
Xif_E ¥ 4 (A0 TAKCRI Sre) 19 40 1) 751 1 FF ., G 2%
% Je (ruxolitinib). FE7% % Jé (tofacitinib) Fl L 5 & J&
(baricitinib) L # FDARLAE F TV 97 B R 4T 4tk 28
PRI 98 I RGUPEABEARIE", SR W AHIE 72 H
FETNBCIEIT HIFEER . R 2 FRAY: R Bl it
PN HITAK2/STAT3 5 5 i % ok 1 f TNBC4H A ) 3
J1 5T, 7K 6E] I I JAK2/STAT3 5 5 18
AR T IAMMP23 1k, FFEAH TNBCAH HLIFIT#% AR
2R, (R EATHEAR N I D &8 75 223k — 20 (1 it
FESE, HFSTAT3 L 725 T HEANESIE
P, XS IR BE 5| RV I, HSTAT3
G Z R R, A5 S EUEE R, BRI
T T R RN . (2) HLEE A B STAT3
W, WG WISH245 1438, DNASS & 45 M 3 FIN
TR Uity 25 A 45K, 3% S o W d o BH ST R AL . R4k
1% ¥ A FIDNAZE & oK I 15 STAT3 [ 7%, STAT34E
NYH A P A S Rk Z B AR VE T, R O
S AT R AR, IR T . R, JL
T 4 I STAT3 2 8 5 3K T4 (46 & 40 B 8 3k NIl PR
R Bt . OPB-31121F10PB-5160242 4E [ STAT3-
SH245 F 3k 1 /N 43 F- 3kl 71, 20 56 B 1 L9 1/

I ARREE, H AT E AR T B 3 S48 (1 /T PR 56
B, OPB-31121F10PB-51602 I I/IANT 51 % B, iX
B b & W) B PR E T 2 AP, AZD9150
S — P DASTAT3 #0551 ) SUSERZF IR, B 2 A 1%
{ESTAT3 K R I S50 HE 3 6 7F &2 e 41 i b R0k
IRE 17, 1% 259 C 3 NI G PR 56 B BES. H i,
#U [ STAT3 ) 4k & WIBBI-608 C. 4% 35 E FD A v
TR . CHENSECHEFL R I, /N3 #0 i 5IBt354
T I STAT3 I % 5 12 J 5 5 4 i A K # i), LA
A TNBCAH A T . PARKZESE it 7 STAT3 4
il FFISLSI-1216, & I F: 22 B A5 R0 00 e 348 e it 12k,
SLSI-121638 it # #|STAT3 7% P4, M1 5 E(STAT3 1)
TUEREARAXLAN b 1A LA R . X R IR
F M, SLSI-1216 1] 1 NSTAT3 I E M50 . il
I TR B, 8 e i I i Jd i 4 | STAT3 A Bel-2 9
B IMTNBC i A1 57 i F% ARRT Hh i MU P2 A, ok
P TECES R TNBCAH i Xof FEL 28 2 S5 11 S PR ), 4
71N JB T I T JH T BB A A B TBU S R

5 RE

14K, K= ISTAT3H il 751 & 2k NI PR 30
3B B, H AT R A R S FDASL #E, J5 R AT g S
STAT3TER B A B I Z EE B M MEFH. @
% 2 6] [ 5 4 S STAT3 TN 25 P <. BT LA, A %
LT STAT3 5 TNBCIH ML il #E 47 R N 5T, 5 0l 72
STAT3B M STAT3 5 [ M. Jil J8 T30 8. 28 i 1A
TollFE 521k G el JEmASRNARKI X R. [k,
STAT34/5 52 i 5 F1¥6 97 TNBC A 7 B [ 8 55

SE Wk (References)

[1]  TORRE L A, BRAY F, SIEGEL R L, et al. Global cancer statis-
tics, global cancer statistics, 2012 [J]. CA Cancer J Clin, 2015,
65(2): 87-108.

[2] BORRI F, GRANAGLIA A, Pathology of triple negative
breast cancer [J]. Semin Cancer Biol, 2020, doi: 10.1016/
j.semcancer.2020.06.005.

[3] ZHAO S, MA D, XIAO Y, et al, Molecular subtyping of triple-
negative breast cancers by immunohistochemistry: molecular ba-
sis and clinical relevance [J]. Oncologist, 2020, 25(10): 1481-91.

[4] ALESKANDARANY M A, AGARWAL D, NEGM O H, et al.
The prognostic significance of STAT3 in invasive breast cancer:
analysis of protein and mRNA expressions in large cohorts [J].
Breast Cancer Res Treat, 2016, 156(1): 9-20.

[5] SEGATTO I, BALDASSARRE G, BELLETTI B. STAT3 in
breast cancer onset and progression: a matter of time and context
[J]. Int J Mol Sci, 2018, 19(9): 2818-27.



2272

(6]

(7]

(8]

(9]

[10]

[11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

LIU J F, DENG W W, CHEN L, et al. Inhibition of JAK2/STAT3
reduces tumor-induced angiogenesis and myeloid-derived sup-
pressor cells in head and neck cancer [J]. Mol Carcinog, 2018,
57(3): 429-39.

NJATCHA C, FAROOQUI M, KORNBERG A, et al. Stat3 cyclic
decoy demonstrates robust antitumor effects in non-small cell
lung cancer [J]. Mol Cancer Ther, 2018, 17(9): 1917-26.

PARK J H, VANWYK H, MCMILLAN D C, et al. Signal trans-
duction and activator of transcription-3 (STAT3) in patients with
colorectal cancer: associations with the phenotypic features of the
tumor and host [J]. Clin Cancer Res, 2017, 23(7): 1698-709.
TIACCI E, LADEWIG E, SCHIAVONI G, et al. Pervasive muta-
tions of JAK-STAT pathway genes in classical Hodgkin lympho-
ma [J]. Blood, 2018, 131(22): 2454-65.

MCDANIEL J M, VARLEY K E, GERTZ J, et al. Genomic regu-
lation of invasion by STAT3 in triple negative breast cancer [J].
Oncotarget, 2017, 8(5): 8226-38.

LEHMANN B D, BAUER J A, CHEN X, et al. Identification
of human triple-negative breast cancer subtypes and preclinical
models for selection of targeted therapies [J]. J Clin Invest, 2011,
121(7): 2750-67.

HIRSCH A G, WINER E P, COATES A S, et al. Personalizing the
treatment of women with early breast cancer: highlights of the St
Gallen International Expert Consensus on the Primary Therapy of
Early Breast Cancer 2013 [J]. Ann Oncol, 2013, 24(9): 2206-23.
LIU Y R, JIANG Y Z, XU X E, et al. Comprehensive transcrip-
tome analysis identifies novel molecular subtypes and subtype-
specific RNAs of triple-negative breast cancer [J]. Breast Cancer
Res, 2016, 18(1): 33.

JIN M S, LEE H, WOO J, et al. Integrated multi-omic analyses
support distinguishing secretory carcinoma of the breast from
basal-like triple-negative breast cancer [J]. Proteomics Clin Appl,
2018, 12(5): €1700125.

JOHANSSON H J, SOCCIARELLI F, VACANTI N M, et al.
Breast cancer quantitative proteome and proteogenomic landscape
[J]. Nat Commun, 2019, 10(1): 1600.

SGRIGNANI J, GAROFALO M, MATKOVIC M, et al, Structur-
al biology of STAT3 and its implications for anticancer therapies
development [J]. Int J Mol Sci, 2018, 19(6): 1951.

SCHAEFER T S, SANDERS L K, PARK O K, et al. Functional
differences between Stat3alpha and Stat3beta [J]. Mol Cell Biol,
1997, 17(9): 5307-16.

CALDENHOVEN E, VAN DIJK T B, SOLARI R J. et al. STAT-
3beta, a splice variant of transcription factor STAT3, is a domi-
nant negative regulator of transcription [J]. J Biol Chem, 1996,
271(22): 13221-7.

NIU G, HELLER R, CATLETT-FALCONE R, et al. Gene therapy
with dominant-negative Stat3 suppresses growth of the murine
melanoma B16 tumor in vivo [J]. Cancer Res, 1999, 59(20): 5059-
63.

XU G, ZHANG C, ZHANG J. Dominant negative STAT3 sup-
presses the growth and invasion capability of human lung cancer
cells [J]. Mol Med Rep, 2009, 2(5): 819-24.

AVALLE L, CAMPOREALE A, CAMPERI A, et al. STAT3 in
cancer: a double edged sword [J]. Cytokine, 2017, 98: 42-50.
EGUSQUIAGUIRRE S P, LIU S, TOSIC S, et al. CDK5RAP3 is

a co-factor for the oncogenic transcription factor STAT3 [J]. Neo-

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

plasia, 2020, 22(1): 47-59.

YANG J, HUANG J, DASGUPTA M, et al. Reversible methyla-
tion of promoter-bound STAT3 by histone-modifying enzymes [J].
Proc Natl Acad Sci USA, 2010, 107(50): 21499-504.

PERRY E, TSRUYA R, LEVITSKY P, et al. TMF/ARA160 is a
BC-box-containing protein that mediates the degradation of Stat3
[J]. Oncogene, 2004, 23(55): 8908-19.

YUAN Z L, GUAN Y J, CHATTERJEE D, et al. STAT3 dimer-
ization regulated by reversible acetylation of a single lysine resi-
due [J]. Science, 2005, 207(5707): 269-73.

BUTTURINI E, DARRA E, CHIAVEGATO G, et al. S-Glutathi-
onylation at Cys328 and Cys542 impairs STAT3 phosphorylation
[J]. ACS Chem Biol, 2014, 9(8): 1885-93.

KIM J, WON J S, SINGH A K, et al. STAT3 regulation by S-
nitrosylation: implication for inflammatory disease [J]. Antioxid
Redox Signal, 2014, 20(16): 2514-27.

YU H, PARDOLL D, JOVE R. STATs in cancer inflammation and
immunity: a leading role for STAT3 [J]. Nat Rev Cancer, 2009,
9(11): 798-809.

GUANIZO A C, FERNANDO C D, GARAMA D J, et al. STAT3:
a multifaceted oncoprotein [J]. Growth Factors, 2018, 36(1/2):
1-14.

SONG H, LUO Q, DENG X, et al. VGLL4 interacts with STAT3
to function as a tumor suppressor in triple-negative breast cancer
[J]. Exp Mol Med, 2019, 51(11): 1-13.

ZHENG X, HUANG M, XING L, et al. The circRNA circSEPT9
mediated by E2F1 and EIF4A3 facilitates the carcinogenesis and
development of triple-negative breast cancer [J]. Mol Cancer,
2020, 19(1): 73.

JIN H, RUGIRA T, KO Y S, et al. ESM-1 overexpression is in-
volved in increased tumorigenesis of radiotherapy-resistant breast
cancer cells [J]. Cancers, 2020, doi: 10.3390/cancers12061363.
GRITSKO T, WILLIAMS A, TURKSON J, et al. Persistent acti-
vation of STAT3 signaling induces survivin gene expression and
confers resistance to apoptosis in human breast cancer cells [J].
Clin Cancer Res, 2006, 12(1): 11-9.

CHENG Y, HOLLOWAY M P, NGUYEN K, et al. XPO1 (CRM1)
inhibition represses STAT3 activation to drive a survivin-depen-
dent oncogenic switch in triple-negative breast cancer [J]. Mol
Cancer Ther, 2014, 13(3): 675-86.

PARASHAR D, GEETHADEVI A, AURE M R, et al. miR-
NANAS551b-3p activates an oncostatin signaling module for the
progression of triple-negative breast cancer [J]. Cell Rep, 2019,
29(13): 4389-406.

MAJH, QI J, LIN S Q, et al. STAT3 targets ERR-0. to promote
epithelial-mesenchymal transition, migration, and invasion in
triple-negative breast cancer cells [J]. Mol Cancer Res, 2019,
17(11): 2184-95.

LIU J, LIU L, YAGUE E, et al. GGNBP2 suppresses triple-
negative breast cancer aggressiveness through inhibition of I1L-6/
STAT3 signaling activation [J]. Breast Cancer Res Treat, 2019,
174(1): 65-78.

CHENG M, LIU P, XU L X. Iron promotes breast cancer cell mi-
gration via IL-6/JAK2/STAT3 signaling pathways in a paracrine
or autocrine IL-6-rich inflammatory environment [J]. J Inorg Bio-
chem, 2020, doi: 10.1016/j.jinorgbio.2020.111159.

LIANG S, CHEN 8, JIANG. Z, et al. Corrigendum to “Activa-



Fe A5 STAT 3 5l % £ = [ PR S B o it e ok e

2273

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

tion oF GPER suppresses migration and angiogenesis of triple
negative breast cancer via inhibition of NF-kB/IL-6 signals” [J].
Cancer Lett, 2017, 386: 12-23.

ANN H, BART L, MARTINS H, et al. Vascular endothelial
growth factor and angiogenesis [J]. Pharmacol Rev, 2004, 56(4):
549-80.

WEI D, LE X D, ZHENG L Z, et al. Stat3 activation regulates the
expression of vascular endothelial growth factor and human pan-
creatic cancer angiogenesis and metastasis [J]. Oncogene, 2003,
22(3): 319-29.

WU E H, LOR H, WONG Y H, et al. Regulation of STAT3 activ-
ity by G16-coupled receptors [J]. Biochem Biophys Res Com-
mun, 2003, 303(3): 920-5.

WANG Y, WU S, ZHU X, et al. LncRNA-encoded polypeptide
ASRPS inhibits triple-negative breast cancer angiogenesis [J]. J
Exp Med, 2020, doi: 10.1084/jem.20190950.

WANG K, ZHU X, ZHANG K, et al. Interleukin-6 contributes to
chemoresistance in MDA-MB-231 cells via targeting HIF-1o [J].
J Biochem Mol Toxicol, 2018, 32(3): 1-7.

SOLEYMANI H, GUPTA N, RADZIWON-BALICKA A, et al.
STAT3 but not HIF-1a Is important in mediating hypoxia-induced
chemoresistance in MDA-MB-231, a triple negative breast cancer
cell line [J]. Cancers (Basel), 2017, 9(12): 137.

WANG S, YAO Y, YAO M, et al. Interleukin-22 promotes triple
negative breast cancer cells migration and paclitaxel resistance
through JAK-STAT3/MAPKSs/AKT signaling pathways [J]. Bio-
chem Biophys Res Commun, 2018, 503(3): 1605-9.

QIAO J, CHEN Y, M1 Y, et al. Macrophages confer resistance to
BET inhibition in triple-negative breast cancer by upregulating
IKBKE [J]. Biochem Pharmacol, 2020, 180: 114-26.

LIS, LI Q, LU J, et al. Targeted inhibition of miRNA-221/222
promotes cell sensitivity to cisplatin in triple-negative breast can-
cer MDA-MB-231 cells [J]. Front Genet, 2019, 10: 1278.
SRDAN V M, RUBEN A M, JASON G, et al. A double-blind,
placebo-controlled trial of ruxolitinib for myelofibrosis [J]. N
Engl J Med, 2012, 366(9): 799-807

WOLLENHAUPT J, SILVERFIELD J, LEE E B, et al. Safety

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

and efficacy of to facitinib, an oral janus kinase inhibitor, for the
treatment of rheumatoid arthritis in open-label, longterm exten-
sion studies [J]. J Rheumatol, 2014, 41(5): 837-52.

ANTHONY M. Baricitinib: first global approval [J]. Drugs, 2017,
77(6): 697-704.

YANG Y G, ZHOU H F, LIU W M, et al. Ganoderic acid A exerts
antitumor activity against MDA-MB-231 human breast cancer
cells by inhibiting the Janus kinase 2/signal transducer and acti-
vator of transcription 3 signaling pathway [J]. Oncol Lett, 2018,
16(5): 6515-21.

BYUN H J, DARVIN P, KANG DY, et al. Silibinin downregu-
lates MMP2 expression via Jak2/STAT3 pathway and inhibits the
migration and invasive potential in MDA-MB-231 cells [J]. Oncol
Rep, 2017, 37(6): 3270-8.

TAKUIJI O, HIDEKI U, MASAFUMI I, et al. Phase 1 and phar-
macological trial of OPB-31121, a signal transducer and activator
of transcription-3 inhibitor, in patients with advanced hepatocel-
lular carcinoma [J]. Hepatol Res, 2015, 45(13): 1283-91.

WONG AL, SOO R A, TAN D S, et al. Phase I and biomarker
study of OPB-51602, a novel signal transducer and activator of
transcription (STAT) 3 inhibitor, in patients with refractory solid
malignancies [J]. Ann Oncol, 2015, 26(5): 998-1005.

DANIEL J E, RACHEL O A, JENNIFER G R. Targeting the IL-6/
JAK/STAT3 signalling axis in cancer [J]. Nat Rev Clin Oncol,
2018, 15(4): 234-48.

CHENY, JI M, ZHANG S, et al. Bt354 as a new STAT3 signaling
pathway inhibitor against triple negative breast cancer [J]. J Drug
Target, 2018, 26(10): 920-30.

PARK S K, BYUN W S, LEE S, et al. A novel small molecule
STAT3 inhibitor SLSI-1216 suppresses proliferation and tumor
growth of triple-negative breast cancer cells through apoptotic
induction [J]. Biochem Pharmacol, 2020, 178: 114053.

LU L, DONG J, WANG L, et al. Activation of STAT3 and Bcl-2
and reduction of reactive oxygen species (ROS) promote radio-
resistance in breast cancer and overcome of radioresistance with
niclosamide [J]. Oncogene, 2018, 37(39): 5292-304.



