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The role of STAT3 in inflammatory bowel disease and
colitis-associated cancer and research progress of the related drugs
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Abstract: Signal transducer and activator of transcription (STAT) 3 is a critical transcription factor for cell
proliferation and survival. It is activated within cells by many cytokines to mediate immune and inflammatory
responses to injury. Inflammatory bowel disease (IBD), represented by Crohn's disease (CD) and ulcerative colitis
(UC), is a chronic inflammatory disease of the intestinal tract. STAT3 has been shown to be abnormally activated in
IBD colon tissues by many pro-inflammatory cytokines, leading to disruption of the intestinal mucosal barrier and
excessive innate immune and Th17 responses. The persistent chronic inflammation eventually leads to intestinal
fibrosis and stenosis. In addition to immune responses, STAT3 is also involved in intestinal fibrosis in IBD by
promoting the transcription of fibrosis-related genes. Colitis-associated cancer (CAC) is a particularly aggressive
subtype of colorectal cancer and is associated with chronic inflammation-induced IBD. STAT3 has also been
associated with CAC initiation and development. STAT3 is overactivated in tumors, which leads to suppression of
the anti-tumor activity of immune cells and promotion of cancer cell proliferation, tumor angiogenesis, invasion,

and migration. In the present article, we summarize the role of STAT3 in IBD and CAC and the research progress
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of the related drugs developed for UC and CAC treatment.

Key words: signal transducer and activator of transcription 3; ulcerative colitis; Crohn's disease; inflammatory

bowel disease; colitis-associated cancer; intestinal barrier; immunity; inflammation
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Th17 20 I E RS 7, 532K 456 J5 vk — 25
BOAREA A Ak R 7= A, B 80U [ A 2 %O
BRI

STAT3 {5 5 8 % 7E Th17 40 Jfd 7 4k v e 55 ZAE H,



REWEI A STAT3 {5 5 1 JOE P R I 45 i 98 M 5% 285 LR i O A R Jee o DA L RURH S 245 0 W0F 5 ik e

+ 2255 -

Homeostasis

Intestinal lumen

L%
Outer mucus layer  *

Inner mucus layer

Lamina propria Regulation

<>

@

Colon »

Mucus layer | MUC2

Lamina propria 1

1 NLRP3 inflammasome D

® 3¢

Inflammatory bowel disease

‘u‘f JU pSTAT3
g

1 Proliferation

| TJ protein expression Apoptos1s
NETs

000000

IEC
&
. Goblet cell
v

Entero-endocrine
cell

pSTAT3

oud

( pSTAT} )
IEC—adipocyte
inflammatory interactions

=3

activation ILl 8 1 5 pSTAT3) : —
1 Degranulation IL-23 o gcl XITT o DC
IL-6 pSTAT3) °°°
pSTATgJ\ IL p > Q ) =)
‘_pSTAT3 / HIF-1a 1 TMacrophage io @ Macrophage
T e ) ROR- yt fi l ﬁbroblast transition F1br0s1s
TMl -like
polanzatlon LOEEN ‘PSTAT3 e pSTAT3 \‘/_\/ Neutrophil
Blood vessel pSTAT3 J. &
TIL-23R [T @ <= Fibroblast
expression ) r_17p TNF-a Mutant NOD2 TGF-p
IL-22 Adipocyte
Figure 1 Signal transducer and activator of transcription 3 (STAT3) signaling in inflammatory bowel disease (IBD). IEC: Intestinal

epithelial cell; PC: Paneth cell; Treg cell: Regulation T cell; Th17 cell: T helper cell 17; DC: Dendritic cell; ECM: Extracellular matrix
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4 H R 52 AR AH 52 AI ) L2 4 (retinoic acid receptor-related
orphan receptor, ROR)-yt fil X 3k HE 5% A ¥ 3 (forkhead
box protein P3, FOXP3) s& Th17 40 g fl Treg 41 Y 71
FRFF PR B T, FER) 40 CD4T T 4H g v 3t Rl ik
I A2 B A R FOXP3 i £ 3 LA, TL-6 38 1 &
CD4" T 41l il STAT3, 5 Rorc J& 5l %& CNS6 Fll CNS9
X B 4245 A, W0 ROR-pt 7 5% iM% % S 4] 46 CD4' T
Y B 53 A6 Th17 48 ™. IL-6 38 i@ 1T 5 5 CD4" T
ZH g IL-23R 1) 3R 1k, 1L-23 W] | V% Ak 10 B0 R 32 52 4 i
(antigen-presenting cell, APC) I 2H 2337 J (1) o 44 i 211
M= A, S22 5 Th17 4 M A5 (1 45 1% 98 0F 1) 2 22 40 g
. IL-23 5 Th17 400 - ff IL-23R 454 5l ik — 25
P0G Th17 40 i i STAT3, 1 57 IL-17 5 K] ) % 1
STAT3 it w] DL it #4015 5 Kl + (hypoxia-inducible
factor, HIF)-laﬁi& Th17 4021 74k . IBD i # g
PRE 20 S 22 A T B PR B, HIF-1a AT B 42 300
ROR-yt % 3% 5542 p300 2 IL-17 5 3 T X 3k, ] 5

4 A

FOXP3 & [ 45 & (i3t iz =AU PR A1 Treg 40 731k,
AT 8% SR Th17 28 B A0 Treg 40 il () ~F 45, 5] HIF-1a
3% 7 i o UC G Ath 98 5 1 52 995 100 76 97 4 A5
STAT3 AJ LA BL#% 55 HIF-1a 3 3 T &5 & 1 95 HIF-1a &
ik, WAl BH 1k von Hippel-Lindau (VHL) E3 V2 % % 2 i
5 HIF-10. 45 & FA% HIF-1a (4%, 3858 HIF- 1o 2,
IBD & 35 1) iz 2 HE AL 37 Hf TL-6 A IL-23 7K °F 5+
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5 38 B T A0 Th17 40 B 53 4k 2 3 Treg 40 f 214, I
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B 1 [ G SN AT BE S BUIBD 5 H 5 G 3% MR 0%
(13 A=, DRl T 75 B A 36 TR A1 3 i 1 46 i Y JB ]
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AR TEC AT s 48 B 2 0E b 75 W 2 o <2 Jm 2R 3 Bl
(matrix metalloproteinases, MMP) 9 1% .
1.4 STAT3 XA EFIEINRERIIER &5 M
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DR A0 B S 43 W B4 TN, B8 B 0 KR, B S S 40 A
R0 K BRI, F)= A ). Tawiah S5 W AR
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P, T8> MMP-1 1 MMP-3 34, BHAS AR 41 i
TR, S BURE R & 2. WA R
IL-10 A1 IL-22 A DA 2 0 STAT3 /b #2487 P9 Joit
W R 38 S MUC2 8 R 3 B, e i3t iy T8 26 WA 7 A2 DA
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18 STAT3 X IEC 5 % &I A at /F HI, 1BD &£+ STAT3
) AR 4% B R R R N AE 52 K 2 B (protein
tyrosine phosphatase non-receptor type 2, PTPN2) £ 1A
P& fik, PTPN2 % 42 5 IBD %) J&& M 4 ¢, JAK #1741 57
tofacitinib ¥ J7 A [ Ik STAT3 % 2 1k /K ¥, M Tk &
claudin-2.claudin-4 1 occludin %5 5 % 7% #2255 1 1 R 1k
I ZO-1 152 47, T DSS 75 3 11 /8 &R 45 1 9% ket
CD .35 1] [l 9 E o B W 2 JE 1 107 2L 203 3 it 1) 98 35 ]
LI Tyr985 5 JAK2 &5 & sl i Tyr1135 B 82 401 il
STAT3 37 , F& A% angulin-1 mRNA F1 2 (47K F, 38
88 IENE . STAT3 1 77 Stattic A1 WP1066 1 1k &
J% 2 75 3 11 augulin-1 235 T i, A G2 AT CD 1
TEIBER
1.5 STAT3{RERIEMMRIAELSHENL BD EH
JTE K IAL T RARES T B A &, i 1/3 1
CD B HIMA M BRI R . g2 %10
B, G P2 4 LR T TG - 45 20 it IR -850 R 2T 4 40 i
RN AL 4h 2 5T (extracellular matrix, ECM) {i 32 6l {4
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R 2 Bk S R i p300 /1 F p65S LBk, SEK NF-«B
NAZ I 8], A 37T TKK 845 4 8 NF-rB (1R 22805 ™
3.2 STATI{RHMMEHERL iR ML A B g 12
P S FRFN S, R MR R A VR R DL R S 1)
A, M AN B A K R T (vascular endothelial growth
factor, VEGF) J& H §if T 0458 I 45 A it 72 A B 22 (1)
JE o i RE A  LE R AEUPR BT AR A ROS U TL-6/
STAT3 i i, %5 T HIF-1a 7% T i VEGF, VEGF 5%
4k & J AT 3E Ik JAK2 B R A6 BSR4 i R i
STAT3, fi& i J8d ifiL 8 25 B, P9 Fz 4 il 7 STAT3 5
HIF-1o. SP1 7] B& ¥ i 52 & W45 [F1 38 N VEGF B3Rk,
=N SN M AE K A GE R, STAT3 ik A]
I 75 5 R 20 LR P R 4T B 20 T MIMIPs PR A1 i Jof i
P R 200 P 3% B2 ) A0 i 5 5, A1 g e g 1 A A s AT
Uiy A

33 STATIR#HFMBHIRESET®H STAT3 #IL-6
S5 G IR 0TS S T b R A P R 8 U T IR T eyelin
D1.cyclin D2 I cyclin B Ji£ 3 & A MYC K 110 12 2%
Bel-2 1 Bel-xL #1223k, 34 in i 83 40 ffg 388 565,
A, STAT3 4 2, B Ak A& 1 AN B BR AL 0% JE B 45 &
FOS # = #L J/R-1 (FOS-related antigen-1, Fra-1) ] 2]
T WO o, A5 L W g 1n) Ik B 45 R I e BB
Hamilton Z5P17E 2 B A 78 o & B TNF-a i i NF-xB
755 YR PE IL-6 72 2E, JE 1M 0% STAT3 5 TNFR2 )5 3]
TF454 F TNFR2 RIA, #H] STAT3 v A Rl il 25
Je£ 411 i SW480 AT COLO205 41 Ay 184 5t A1 5 I 4 5t 1tk
Ao STAT3 Xif 4 757 45 iz 40 Mo 1) B B E b L5 &
HAEH, DOTIL bA M H3K79me2 . SOX2 [ ik & &
BAEEWEEE ARG M EZEREER. IL-22 #0E
DLD-1 4 }fd STAT3 7] B #2218 i F i H3K79 F R
filf DOT1L #5 5 DLD-1 4i il NANOG . SOX2 . Pou5f1 &
- A DG R 9k, AT 47 55 p300 X e PR A5G 5E
DRLJE Bl T~ 454, DT 38 i Jof 8 41 B 33 5 A = 2200

34 STATIHIHIInAhERZE R L STAT3 7E [ 8 24
LR e 92 D e % 4 P b S O, R 2 R
STAT3 (3 & 3G 55 R i 5 (1 S B Sk DG o 72 i
IR0 21 B PP TS B9 STAT'3 B IR e 28 3 38 400 i [ -1 A0k
TR IR 7 [ 2R 0, 14 0 TL-10 25 4 3% 9001 40 i IR 1 1 3%
i, X 6 A A PR R TECR iR B R B v S — 0 1
i 98 52 3 1) G 92 A B R ) STAT3 5 507, HAR R A
(natural killer, NK) #ff g F1 4 fd #5 14 T 4} (cytotoxic
T cell, CTL) RI R T % L 3 AURBURE Bl 55 41 g 735 7 70 1
A fAE PR 4T B, 0 PR A G, TFN-p AT TL-12 %5 Th A
2111 e DR] 1 2 X G 925 44T R 7 e 98 S 8 A 75 1, STAT3
FE & 1410 A i B0, 45 50 NF-«B 1 STAT1 5 3 1

IFN-y A IL-12 [ 335, B NK 41 A 25 2 K 4 5% 40 i
S CDS8™ T %5 25087 T 4 i 7 495 i 98 400 Mo 1 e 009, 5
—J5 T, STAT3 RE W6 i v FI3L F 3 12 3 TCF4 K14,
AT J1E 5 4 B ARE A% SR 4H B (plasmacytoid dendritic
cell, pDC) 1 &K & , % 4E Treg 4l B i& Bk b 98 4 2% i
. STAT3 1 e % 3@ it # il 380E DC (1) IR 7 AN
YT IR 7 10 72 A DL R AR BE TL-10 A1 VEGF 25 7= A= 111 1
B & DC 1) B 2R PR 238 2 8. MDSCs 7E CAC
K B IR & AORE 4 RN b R AR 8 b ol R
Arg-1.ROS F1NO %541 ] CTL 3% P, STAT3 n] j& it
-1 ST00A8 1 S100A9 K IA fi¢ #E MDSCs 1) % £E M1
FH) CTL F PR RO, e 4k, STAT3 3 58 4 B2 k6
% /5 75 4 PD-1.PD-L1 M CTLA4 ] 3%, £ 5 i 8 4
Re iR . STAT3 ik 5 ¥l th A - a4t g 1) M2 B2 A
1k J PD-L1 IR, it I 40 i 4 S 1 i B STAT3 )
/INER DCNK 41 D T 40 At R = 4 200 it 1 T i 45 35 34
ik, Treg 40 Ju IR vk /b, b8 A Kt S5 28 #00 il . STAT3
/NGy TN CPA-T 6 I WIS 25 1 MB49 e 11 A
e, 1) Jie 83 2 % I A0 A 98 /) B PR AR A7 R ]
4 STATIHIHIFET RIEMMRREBREXREE
B B SR i R

% F STAT3 7£ IBD Ml CAC & Ji& 1) S s 4 F, %8
] STAT3 [ Zj W) R AW BN T B AL si 2 — o &
X STAT3 1| 751 1) FF & 1T 43 9 B4 40 1) STAT3 ¥ 4
RIS e 3 I U T R IR T R B A 1 T R (] B 0 )
STAT3 i M H Fh 5 .

JAK J1 1] 57 7] #7041 JAK/STAT 15 538 #%, & 4% iF
BH 6 IBD FH L Ath G958 A1 5 (1) 98 A 14 500 (1) ¥R 97 28
Tofacitinib #& — Ff {2 JAK #1 #1] 5, 2018 4 # FDA Al
EMA#LER FiRIT hEEEE UCEH. HRIAKLIE
FPEHIH177) upadacitinib (Rinvoq) 1 filgotinib (Jyseleca)
K JAK3 #1il 51] peficitinib 7767 IBD [ 11 RIS A R
R VT R0 RE TAK I ZE 1697 IBD
MR 78 C U T — S gl R, (HIEAF AR I
i HILAE A 28 O ML AE7 S AR RS A P g IR 55 A R S
P, I PR B JAK HI IR e e /E — e AR i
Fozz Ak, 97 38 B8 A 1) 7 R 5 2 AT R R 1 JAK J i 71
TEIRYT IBD HR BB E &R . B — 5, A
JAK YR AE IBD H i1 FH 1w oK 56 4= IR, DRtk JAK 410
1700 (0 R A M A 75 K AR BE

81 1a) STAT3 ¥R 97 tH O A I i 16 9T 1) — Fl 3 A%
J7 &, H AR X STAT3 #0177 () FF & 3 24 b 1
Sarcoma (Src) [A] Y& 2 (Src homology 2, SH2) & #4) 15 il
DNA 45 4 45 #J 3% (DNA-binding domain, DBD), H T
= PRV K AR AN, RV TR I R AT 7R
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P B i MR A A, KR R RE R AL B IR .
Napabucasin (BBI1608) il i B £ ¥ 1] 45 & STAT3 1)
SH2 45 ¥ 35 411 ] STAT3 i% £, napabucasin ¥ } 51k
IT 4G IR T 45 L A 0 I R IR 58 B0 1 3R W
napabucasin 500 mg bid A R & (1) 5 s JCR, ik
T 45 E W R I S R A AN T R AR A A
A, B SH2 25 94 19 TTI-101 F1 STAT3 & X B 1%
% AZD9150 1 1F &b F A 97 &5 B W9 16 11 PR 56 T 72
H1%), Niclosamide (NIC) #& —F FDA Lt ¥ 11 it H
2y, OO IE S RE 5 M0 S T B & 45 3k 15 1 P STAT3
Tyr705 K BEBR AL 1% 5y 2 I DNA 45 &3 1, AT S
o H ) STAT3 % 3 Th e I/ FH Y. Wu 287 F NIC
A FE CRC 41 i & 2 7~ NIC 1] $1i1] STAT3 ff) 2 3k Al
I, TR STAT3 T U0 5L Rl 3% 5%, 5 S MR 4l B i 1
197 25 %) SN38 5 STAT3 i fil] 771 NIC B¢ TT1-101 ¢
i, 4 A 75 P R DNA 545 2 35 92 1, R W NIC 7] RefE
9 STAT3 #7745 16 77 IBD A1 45 B b & 3% 5 (i 4E
F . AR 9E & IR silibinin 7] #0184 STAT3 {5 5 # &,
FLREHE [ 45 4 SH2 M1 DBD 45 #4935k, 4141 STAT3 Tyr705
{1 2 41 1 STAT3 [ DNA 45 & & Mo I PR BT HF 97 2
71, silibinin 7] #11] IL-6/STAT3 15 5 38 i I 4% DSS 7%
SIS itk 2 T8 B R T e O FR AR A AR AR
5% (azoxymethane, AOM)/DSS i 5 K1 /N B i 988 %5 & A
KNS, A SR Al H LT R F PROTACs 4 AR B i) [
filt STAT3 1) 5 %, PROTACS 7] il it 4 & STAT3 Al E3
G 3 EUSTAT3 iz R AV B AR, K45 oI g v 1%, 28
1Ml PROTACs-STAT3 [ & 1 et 5 245 A e 51

5 sk

[R==]

i 30 R A AR T 50 1 R e L i b R At
G LM L UL S S B e W 2 TR EAE A . STAT3 &
B AIE I 7E IBD A B B0, STAT3 #0750 2 A H
S 20 0 ) AN TR AT BB 3 77 AR IR 1R 2R, AR F 58 % W
i o 8 2R 40 B S b R 4 B Y] STAT3 2 {2 i3k DSS 5
5045 T 9 1 R R TR A0 ) 4R AT P ) STAT 3 3
PEXT T A1VG 97 IBD f CAC EA k.

STAT3 M 3E B [ | G 8 B2 FAF 440 56 22 07 T
Z 5 1BD WK & . W & b7 5 78 1IBD ¥ 15t CL & %%
151, STAT3 1£ IBD Ji7 it b [ 45 45 18 52 0 /E A 4E —
SEF . | STAT3 15 M nl & 2 IEC B % EH: 5 K
PN TTTK 55 H 18 38 3% 1k, 1B STAT3 £ 26 ik 8 e 9 1a) |
240 0 1) T A B R B e ) As S et L A
P STAT3 HiE 1T R XS Wy 18 13 4% 184 7= A A Rl sl
STAT3 #1351 5 B T 25 Wy I F ] e 2 92> FLAE 452 4%
P2 R A VR B . IBD SR W iE e R S R
B AT P g B A O, T AR 7 R B Th7 41 i

(1) 5 8 4 46 /2 IBD K (1) B 22 R 3%, STAT3 22 {2 i
CD4" T 4 g [ Th17 20 i 5> 4. 1) 55 B2 2 K1, #00)
STAT3 "% & Th17 4015 Treg 41 M1, o505 I 7%
FEPEE . IBD & 7 KA AL T 2R FICIRAS 7T Re 2
Gl RAYENRELR, OF L RERHESTATI 2 5
IBD Ji7i& £ 440 A1 CAC ik &

H a7, CF £ A STAT3 #1771 H T ¥ J7 IBD
CAC Il PR AT S I R B 7T, #0761 STAT3 J00E AN AT BA
BH W7 22 i (I 2 20 i DR 7 PR A A 5 1% 5 VIR R b R
SRE R, I B RS PR 22 S S5 Is At AR R 4
F18Y 154 L 00 ) fe g 52 2 AT B2, - 38 2 e V22 i S 2 2
J B AR v P o R, B[R] STAT3 AT RE N 48 E 14
V973 R 285 fiy 9 FH G &5 L P i P 8 ES o

B & DUk PR IR SR R S S E VR BB NG R
K e e 3 S & JD % WO SCIRAMB 28 0 R %5 1 5T 12
B PG HEAE A i A AL

FUTERSE: A A5 1 WA SO AL R 2 R
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