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Abstract: Signal transducer and activator of transcription 3 (STAT3) is akind of signal transduction protein
involved in cell proliferation, differentiation, apoptosis and other important physiological processes in response
to a large number of cytokines and growth factors in cells. It has been shown that constitutive activation of
STAT3 is closely associated with oncogenesis and tumorigenesis. Inhibition of aberrant STAT3 signaling has
been one of promising strategies for the development of anti-neoplastic therapeutics. The review summarizes
the latest progress of STAT3 inhibitors in recent years from the perspective of targeting N-terminal domain, DNA
binding domain, SH2 domain and C-terminal transactivation domain of STAT3.
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Figure 1 The ribbon diagram of the STAT3 homodimer-DNA
complex (PDB ID: 4E68) and domain structure of STAT3 with
the individual domains indicated [dark blue =N-terminal (1-130),
light blue=4-helix bundle (131-320), light yellow =DNA binding
(321-465), light orange = connector (465-585), orange = SH2
(586-722), red =C-terminal (723—-770)]
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Figure2 STAT3 signaling and its activation signals. Cytokines
or growth factors binding to their corresponding cell surface
receptors activates the Tyr kinases activities of the receptors,
JAKs or Src. STAT3 is recruited to the activated receptor for
phosphorylation by Tyr kinases on critical Tyr residue, leading to
STAT3:STAT3 dimerization and activation. Nonreceptor Tyr
kinases Src and AbL also activate STAT3. Activated STAT3
translocates from the cytoplasm to the nucleus where it binds
DNA and coactivators and induces gene transcription
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Figure3 Chemical structures of peptides and peptidomimetics STAT3 inhibitors
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Figure4 Chemical structures of small molecule STAT3 inhibitors by targeting SH2 domain
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Figure 5 Chemica structures of small molecule inhibitors of
STAT3 by binding to DBD
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Figure 6 Chemical structure of small molecule inhibitor of
STATS3 by binding to C-terminal domain

3 S#HEERE

STAT3 1E % Fh Mg a i b S stk 5 Rk, A
HAKFE MR . BRI KIS % UK.
B & % STAT3 3 % I AS W 78, STAT3 1/ A iR ie
TR — N EBEW YRS IX— WS EE B3 TR
FKINUESE, ¥ STAT3 HIHIFIAE A6 8 T 7t 2
AR KRR 1. 2498, B RTER X STAT3 #5141
i 8 (1 Wt e 2 B AT B LR AR AME PR O IR K, TE
SR PN REAT B 24 B RN 3 FAFF LA, HE NI PR A
TN B G R ZEE )L (R 1. 2). STAT3 #il
) TR g — 2898 7E 0 0T B PR 24, FLARLE AT
FIGPR R 2 MEH — 2 IR . R ERT SH2 45
P34 70 AT iz 4o, H S AR VR VER . ik
PEPEZEE ) [, £F%F DBD. N AR S48 H I F1 C A St
SEREAME R O AR T — R, R —E
AL, XS FE# N STATS 7 #e it #2447
Hr B . XTI STAT3 il T K& k5, % DBD.
N AKui 53R C A iy 45 K 3R R 28 A BOR B
FLAS A, 23k TARE# MZ S IR 3445 I
NG TR O R . BAR HATIE AT STAT3 i
AT, AHARAE BEE B FLIR N, % AN
WA DA S B ) STAT3 At 25 44 380 1) /N 73 400 1 71
FIRWIE 7T, AT CAE SRt R B STAT3 /N4y 130 il
I, R 6 T SR AT AR e AT R



A% k% STATS HU R 4157 f e 7 3k - 1605 *

Tablel Known STAT3 inhibitors identified to date, their modes of action, cellular effects and tumor models tested. DBD: DNA binding
domain; ND: N-terminal domain; CD: C-terminal domain; n/d: Not determined

Inhibitor Year T:rtiet M Odesc;f Atf‘rrge“ ng Cell line tested Xenog:ig”mor Ref.
PpYLKTK 2001 SH2 Dimerization NIH3T3/v-Src n/d [41]
pYLPQTV 2003 SH2 Dimerization n/d n/d [43]
Acetyl-pYLKTKF 2007 SH2 Dimerization n/d n/d [45]
STA-21 2009 SH2 Dimerization DU145, PC3, MCF-7 n/d [48]
Stattic 2006 SH2 Phosphorylation HepG2, MDA-MB-435, MDA-MB-231 n/d [51, 52]
OPB-31121 2013  SH2 Phosphorylation SNU1, SNU484, AGS, NCI-N87, SNU16, SNU484 [53]

SNU216, SNU601, SNU620, SNU638,
SNU668, SNU719, SNU5
13r 2016  SH2 Phosphorylation MDA-MB-231, A549, DU145 n/d [56]
LLL12 . MDA-MB-231,U87, PANC-1, HPAC, 0S-1 5
2012  SH2 Phosphorylation SK-BR-3, U373 (571
NSC-743380 2011 SH2  Phosphorylation MCF-7, A498, 786-O, MDA-MB-231 A498 [59]
Carbazole derivatives 2014 SH2 Phosphorylation A431, A549, PC3 SUM 149, A549 [60]
FLLL11 2009 SH2  Phosphorylation MDA-MB-468, SK-BR-3, BT-474, n/d [61, 62]
MDA-MB-231, MDA-MB-453, HCT1186,
SW480, MCF-7, PC3, DU145, HT29
STM 2017 SH2 Phosphorylation A549, H1650, NL-20 n/d [63]
Nitidine chloride 2017 SH2  Phosphorylation HSC3, HSC4 HSC3 [64]
CDDO-Me 2007  SH2 Phosphorylation 4T1 n/d [67,68]
C48 2011 DBD DNA-binding MDA-MB-468, MDA-MB-231 MDA-MB-468, C3L5 [74]
inS3-54 & analogs 2014 DBD DNA-binding AB549, H1299, MDA-MB-231, MDA-MB-468,  A549 [72, 75]
MCF10A1, IMR90
MMPP 2017 DBD DNA-binding A549, NCI-H460 NCI-H460, PDX [76]
Peptides 2007 ND Transcriptonal activity MDA-MB-231, MDA-MB-435, MCF-7 nd [77]
ST3-Hel2A-2 2013  ND Transcriptonal activity DU145, LNCaP, PC3, RWPE-1, HMEC nd [78]
K116 2018 CD Dimerization n/d n/d [80]
Table2 Inhibitors that have therapeutic effects on STAT3 in animal experiments. DBD: DNA binding domain; ND: N-terminal domain;
CD: C-terminal domain; n/d: Not determined; ig: Intragastric administration; ip: Intraperitoneal injection; iv: Intravenous injection
Inhibitor Year Tjtia M ecg_T_TTrg ?Lr']ghilot:t' ng tu);e:ror?:iitel Dosage/mg-kg* Treatment time and path Ref.
OPB-31121 2013 SH2 Phosphorylation SNU484 30, 60,100  daily for 17 days, ig [53]
LLL12 2012 SH2 Phosphorylation 0S-1 5 daily for 6 weeks, ip [57]
S31-201 2007 SH2 Dimerization MDA-MB-231 5 2 or 3times aweek for 2 weeks, iv [58]
NSC-743380 2011 SH2 Phosphorylation A498 67,100, 150 daily for 2 weeks, ip [59]
Carbazole 2014 SH2 Phosphorylation SUM149 10, 30 every other day for 5 days, ip [60]
derivatives AB549 10 every other day for 27 days, ip
Nitidine chloride 2017 SH2 Phosphorylation HSC3 10 daily for 24 days, ip [64]
C48 2011 DBD DNA-binding MDA-MB-468 200 five times aweek for 8 weeks, ip [74]
inS3-54 A18 2014 DBD DNA-binding A549 200 2 or 3times aweek for 4 weeks, ig [72, 75]
MMPP 2017 DBD DNA-binding NCI-H460 25,5 twice aweek for 3 weeks, ip [76]
PDX 5 three times a week for 3 weeks, ig
5 three times aweek for 1 month, ig
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