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Mechanism of STAT3 Signaling Pathway in Atrial Fibrillation

XITANG Jie,LIU Mingxin, HUANG Congxin

( Department of Cardiology ,Renmin Hospital of Wuhan University , Wuhan 430060 , Hubei , China )

[ Abstract ] STAT3 is one of the important members of the STATs family and is involved in regulating various biological processes in

the body. Recent studies have shown that STAT3 signaling pathway is activated in large amounts after atrial fibrillation( AF). STAT3 plays an

important role in myocardial fibrosis, inflammation, apoptosis, etc.

, which mediate atrial fibrillation through angiotensin [[ , miRNA,

inflammatory factors , growth factors, etc. Therefore , STAT3 may be a key regulator of atrial fibrillation progression. This article mainly reviews

the relationship between STAT3 signaling pathway and atrial fibrillation and the regulation of this mechanism,in order to understand deeply

the mechanism of atrial fibrillation and provide a more comprehensive theoretical basis for the treatment of atrial fibrillation.

[ Key words ] Atrial fibrillation; STAT3 ;Signaling pathway

=55 5 5 S 34008 A F (signal transducer and
activator of transcription 3, STAT3) J& STATs Z & H —
ANEEN G AR Z R AR 55 R b g 3
A5G s PR, 2 5 R AL N 25 Fh A= ) 2 R dn 4
ML e Ak DR T DL R B E R A I H AR
PEARAE AU HORT S92 98 95 25 5 T U B A ] 200
AIVEI L ARG e b, 0 B B Eh (B 87 19 R e AL
il 2 3 B R A ) R MR G IR I L AR
M4 R AT — IR i o Tk, A —Fh
AL AN STAT3 5558 & 75 i B 0% 5 2L 2F 233 A
Hh L k45 AR
1 STAT3

STAT & FI K EAFAE T ALK N, 2B ) s &
G0 R AEAE o B8 v R 32 0 40 M DXL R R SR T
FZ—o FIHFCNIEC %2 T 7 Fh STAT 1, (45
STAT1 ~ 6 ( H:rfr STATS £34% Sa 15b) ", 5 STATs
R ) FL A 18 57 30 A e [R] 9 45 A4 REAIE , STAT3 W] 3 4xf
AR B4 7 A W AR OIE L, B STAT3 o 1 STAT3RY &
BA ZMA Y2 DIRE B 35 S =8 7 g 5 28 1 o
(AR 22 35 DXL 1 5 5 PR - F 4 % micro-RNAs (miRNA)
(g3 ', STAT3 B 4 i 2 FC PR TG, 11 A 3%
(interleukin, IL)-6 F1 IL-10 ZE4M i [N 72K, A K
K5 (HER2/neu FIMLAE P B2 AR PR 45 A KR
DA SH A 498 28 | i 45 %5 9K & 1 (angiotensin I, Ang
Il) F1 miRNA-21 45, STAT3 57 42 i 55 (1) 00 7 1 24
i TV SR VBTG Sl 22 R W IR AL, AR 5 % o R R 3K
a3 R =0 (1) BRSO 00T 5 (2) W0 1Y JAK I8
Mg | STAT3 BER AL (3) BTG A9 STAT3 JE i — %
T, 258 M AHRNAR S I #E AN, 5 DNA J3 324554
TR R FE 5k . STAT3 W] 3Rk T ZFh A [ 2L ALY 0
JUE 20 e v A9 Gn s FOL A L L o0 U 2T 4 4 L 1 Bz 2
L SF-E LAR AR RO R 2200, XA ES S
AP IEBERE I 1 RO T A . B B i £

TS AR O B T B AR £ R A RN ST A S AL
A o R AR DR 0 93 55 T A kel R v, STATS3 {5
53 B TR R AL A
2 ILEEHEN

O 5 B JCH 2 0 o5 45 48 T A B Sl 2 P B
JR B P HHA A e T 00 B - 4
PR TR WLET R AR o M 6 A 0 b 4854 T A 1Y
Iz s, R R E 70 A dE A, B AR AR
A O WLEE T A8 52 ok AR i K R, 2 0 s AT 4
AL A LT AR R R BT R . B T 4R 4EARAT,
RAEIRIE IRFE BT IR Ve Ky 28 F.0 JILA0 M IE R
FEO B EE R P4 . AT 0 LS H
AP K4 F AL FP, STAT3 (9 384015 A BT Bk, i
Aok L SR X L (5 S R M R 9 L
fiff 3 S g B AR R T Ay P B Y BT U e BT RO A A
A BT T LIS BN kA
3 STAT3 5B&£-MEZXKERS

B2 BIK R RENBIEYOIA NS5 T
MSE TR L BFIE N B R B, 16 B B 3h A )
J2 1 B I DR S8 B AR P, Y8R 3] Ang 11 3Rk 7KF- 1)
HAE, AP E Ang 11 3K )5 , O WILEF 4 A0 14 T Bl B S
WA, P W R AR R TR BT E R
STAT3 I IR R B HLEN 25 T Ang 155 5 (190
[ 45 K6 T AL 5 760 Dy BUAT 4E A0, Ang 11 {2 fff Ras
MEB C3 HF = JEY 1 (Ras-related C3 botulinum
toxin substrate 1, Racl) DA [ 43 WA F1/ 88 52 43 Wb 5 =i
S A UM P, B A JAK SO I TS STAT3, A
AL 2 AT 24 240 Py 8 5 s s LR B o T
(%) STAT3 JE i It AR K& AR EAMBABEEAS
AR R AR AR PR T AT AL, Ang
11 AT 388 o B0 BT A8 0 M S B LA ALY STAT3 {5
53 T B0 WLET 4 Ak AN B 07 1 DA A 5 B
I EA



- 24 - IS S i 2020 4E 1 45 41 855 1 W] Adv Cardiovasc Dis , January 2020, Vol. 41 ,No. 1

3.1 Angll/Racl/STAT3

2008 4§, Tsai 25" 25 YGIE B 10 33 25 4 5 A ]
i Ang [l /JAK/STAT3 @424 S EWFSEH, b AT H)
FHAA S 53 LA L0 2 4 240 L, 4% P 30 A 75 AR A
Zil B UREARUE 52 720 50 LA Ang 1T /JAK/STAT
5 Sl B AAEAE . 455 TR, 760 5 LA I R 2T 4k
Yifferh Ang Il 33 Racl $47% STAT3 FEUL 7 &5
A, X 5o AT B S D 3 S AR Al T BEL R, Xt S
T UCUE BB VT 25 245 4 1k BT U B JIL 200 7 A0 2F 4% 20
Mo Ang I 15 545 00 T HLEI O BF 5T, B A T3 i
T 2258 Rl 4 Sk K 1 2 AR BH#E 77 ( ARB) B 1L
A I S Y Tl 7 0 A 2EL B T RE AT B Dy
SEM R R IR YT BE B, TE 5 — T L 68 1, Tsai
2T 10 HORARSEE 9 2B 2H 1 4 600 Y/ min .0 5
ISR G, 740 10 AR AT R, 25 5 % B 56 241
8 R0 DA W Sk %) 465 Ky TACEE AR ARRE 2 0, I ELAS T 32
DA Ang 11 JKF-FHi55, STAT 1 Fil STAT 3 H} 9k
FRALICS , 5 Ang [0 STAT3 AT 2525 W 4 o3
TS Racl 930G, LN A TG 1L A Ang 1T/
Racl/STAT3 0] G855 | i i) 5 22 1 B sh 19 .0 5 &
A Ko X—0F5E AR — 2478 ARB T 2524
YIBE R FH AT AR S D BT FI6 9T 7 5o BREZ 45 4
FAAI, Tsai 261 TR F B Ang 11 7T GE7E By T 4G Pl
— Ve (A HEAARYLH A fr it — 20T . NS
Ang 112 )5 & BAE.C B STAT3 5B 35w R AL B LE O
FHARKI FIRBLG A X B ES R B By G
EW 523 Ang I AR, T Ang 11155 S JAK/STAT
PG AE O P v HGAE O 2 B R Ry, (X — & B L
RPN A2 . BA DI RIS 5 WA T
R 0 JUE 5 & Ang 11 /Racl/STAT3 {55 1% 3 3
58, I FLIXEAE 5% A B Rk K8 i 5 220 =
AR KA K

2% ik Racl J& Ang Il 435 STAT3 (9 Eik iz
Z— PEPEEBHWT Racl v VRN B 8T (936 7 #0 B
KA N ARB T 2259, HAICT Angll 25
J B ) L B 48 LA K Ang T AE 0 5 Fllly % STAT3
25 SRR A RARIE B (F AR BT 48 T — 4
B
3.2 Angll/AT1 Z{k/STAT3

Zheng 5" B YRGB T STAT3-DNA 254 3% PE1E
Angllis 50 5 BT 4 40 i Hh 22 5 4 2 P -1 ( matrix
metalloproteinase 1, MMP-1) 1 MMP-2 %% & o7 {4 A,
HA R0 5 AT e 4 il op MMP-1 I MMP-2 63K |
AlRESE T STAT3 &P T & Fil STAT3-DNA 25 & 1% 7%
MR TR R ST, WP1066 ( STAT3 i 5%1))
FIEVPIH(ATL ZRFEHR) 75T STAT3 5 MMP-1 K
MMP-2 J&3 80F J3 31 (1) 5% A1 30k 55 J& , MMP-1 I MMP-2

FY 2R R, 2R T Angllifs 3019 MMP ik
77 STAT3-DNA Z5 5761, M58 Angllifs 3 1Y
STAT3 3 B 7ECr Py B A F A AR LE R AR - 760 b5 i
LA, WP1066 BHIET T STAT3  B#IK T Angllifs
AT A PR 5 1 B S, B AT T S D B 3 Il ik R W,
STAT3 il B 0E 1.0 B - defb i UE e, 57 Angllifs
B0 G S A A v e B B R TS VE R 5 7800 55 LA L
o, FH WP1066 #l il STAT3 fif i 4458 T Angllis 19
R R R IR 1 -3 FI2E PR R R & &R 1
fiti-8 R AR , e B AR Bl AT B AL B A0 5 L
AifE T . X W, STAT3 3 B XF 0 B LA B o 7
HAYWER , 37 AnglliFs 5190 J 25 #4510 TR Bt
DU T-ER. B, 2284 Angll/ATL 52 &/
STAT3 J&0 5 45 44 T A4 Hp 11 T 2245 53 X — 4518,
AnglIA] 3E58.0 U ILAR R 08 T 10 o 41 40 3 S i L
L ATREA B T Wik A o Zheng 2570 WEEHI B Wi 8
F OB REAR Y, AnglZKF- 28 5 FHE B BiE A . E R
BOAIBFFE T, AT TR 5 AngllA] 376 STAT3 AT 75
S g S S BT A B R T 1) S N, T AngIliF
S 55 LA B R T RT gl S Vb T, T Angllf2
T e g A An i g T

DL RS R, Ang 11755 BUZF 4E 40 ig MMP 335
55 STAT3-DNA Z5 G506 PEAT 56, ATL 21K % Ang Il 3475
STAT3 5 — BB ik 72, STAT3 7.0 b5 B4 4k 41 Jid
HR BN IE T 0 P 7 AL I R TR O B LA i
O M T A R E R X S Ang 150 5
WA 2R T S a e,
4 STAT3 5 miRNA-21

Huang 2" & Yk #8 75 T STAT3/miRNA-21 2 ]
FEAEA EAE R, B A O NE TR 5 B 00 O ] 38 1 g i
D EFAEAL R 5| 55 B, AE K RGO B 21 4 A el
AR G E L STAT3 1 miRNA-21 B3Rk, T ff
I STAT3 4| %) S31-201 FH T STAT3 B3 1k J5 T3
T miRNA-21 F3k/K5F T 9 ; R AEHS, KB miRNA-21
I PR Bt i the S 0 STAT3 400 32 B, DA T 2003800 s £
YAk, 9855 K B B i & N dERE. 2, miRNA-21
By i Fk i P O WU LT S A i % A s AL, i B
WK1 STAT3 BfR AL, 55 A WF9E R W17, 0 U A
212 20 Jfd b miRNA-21 5 383k 5 240 M 2 B 4+ 1
(CADM1)/STAT3 #i, %545 H, miRNA-21 38 it
¥ CADM1/STAT3 i % A% CADMI i 8 ] /5 HI >k
JAH O I T 24 40 PR ) 38 5 . miRNA-21 3o 3% 38 3 i
FEAIK CADMI ik i ifiiid ok STAT3 5530 B e i O i
LR Y fl, PE—2 W STAT3 J&0 JIE 21 2 £k 52 98 1 5 B
HEE(E 50 Fo &5 LR, miRNA-21 5 STAT3 A
HAEHATRES S T ) & A4 & B, 1 817 miRNA-
21 Y3k K STAT3 (13 Ak 1] e J2 T By 336 97 B B 1



DM 2020 4E 1 HEE 41 B% 1 Adv Cardiovasc Dis , January 2020, Vol. 41, No. 1 « 25 -

e
5 STAT3 5&%EREF

STAT3 A3 1 R AE K76 b B ) i e vh il %5 2
KEZMIEN . 1L-6 TR E I & R AE f i 32 24
J57 il ik STAT 3 s FIAHSCHY T 5 5%k . 1L-6 3o
TP DML Ak (O WU KRB E  A #FE %
WY SR STAT3 A IR 2% T M TL-6 75155 5 i it
G VR T ELE I s/ 21 4 Ak ik AR A A5 4
ISR <RI B PR 1 /N D ce) A Y 15
LTAEA AL STAT3 W 1R AL I Tt 5 miRNA-21 7K, i ik
LB R IRBE DR TR A U T 55 S
( TNF-like weak inducer of apoptosis, TWEAK ) J& it J&4
PRAEIH T2 4 40 R 7 5 0 1) Bl B 22— , Hao 25720 3
LSS 3E B TWEAK/Fnl4 %8 13 3075 JAK2/STAT3
i A O B VAR MLNE K, i — 20 S B B & A
Jiang 2R T AT-3E R 454 N 1 (9 R 8 ] i
HA5E STAT3 {55 (3G Al STAT3 () DNA 454 1% M ihi
PRE a1 RS L R A AHOCHE 5 R BT, TL-10
IL-11 3@ 0% STAT3 Sfeisi/b 2 Ak, By 1k 08 T 40
RT3 10 AN £ 01 A1 K L 1 [ a7 1 [ S R R
SRR PR AT 5k STAT3 (4 53k 2 5 b B 1
FAE R TS RE SN A B Bt ) 4 AL v B 4
AT RTE R R iR R
6 STAT3 54&HFHF

Dong 25> 13 FH 8 20 4R A2 77 A6 I 1 3 52 4k
SCFERIN 7 AR AT 4 40 I A2 4K K 23 (fibroblast
growth factor-23 , FGF-23) £ () £ 15, 7165 0 WL &T 4
S5 AR T ) E 4 FGF-23 A bR 3%, 08 45

ATBF1 |

KL, SEMOEAMLL, FEd FCF-23 a-F-F il
LB 2 LR -1 KO i 28 T ey, R T e R B R
41 FGF-23 Z& (3 fin T STAT3 Bl R, H 45 R R
FGF-23 415 STAT 3 #l Smad 3 Y15 5 18 I A1E 5 B B
0 A AEAR ML kS SC SR Tk b A 2 38 2o
SO B P 40 M SR AR S Y . Chen 25500 %if
U 5 B 2T 4 40 I il /) M R A= K & F ( platelet-derived
growth factor, PDGF) {55 1A Ay, PDGF Jill .0 B5 Al I
A JAK-STAT {4335 R P, DT A 32 40 if &1 25 Jor 2
FIAg ™A, T PDGE S 41 240 Jfd 2158 o 2 1 A i i) &
2 A1 B TS A ] i JAK-STAT 307G A 519, 3 4h
ZA G IR TR AN STAT3 /]300 U BE S5 /s B UAS
TR0 5 £ 4i Ak, iX i — 2P R W] STAT3
AEACAE s B i 2. Sy A AR R A K
F-B A 51y CD44/STAT3 5538 BX AL .0 Jis £F 4R AL AL/
B B A JRe 1 A S AL ) v b G SHEAE D, SR ok 1 50
B o B SR R TR A 2 45 BTk, STAT3
AT AE A R 3 SR 3G 00 B PN 48 A
DBk S S B any kLR
7 STAT3 5EEGXRE(LE1)
8 FHES5RE

STAT3 FE4F b5 Bl & A 1) 0 WLET 4k A | 98 5 0 41
MR T4 R ¥R AR (R LR 2= B9 7 AL
Tl me i — 2P AR R . IEJ2 K STAT3 7 i Bl (1 &
A s R oA S AR AT, %) STAT3 3 6 119 -1 T
Jiti AT 8 A2 T FNG o7 D B Y — 0 T R W, IR AR T
Y5 STAT3 A5G 1) b B kA= B B B 1] i 7 s0RE R
J4 JE WIEFE T W]

JRET HE 2 i

Vo> Fnfit; —— Formal; ¥ R
B STAT3 5EEXRE



.26 -

[10]

[11

[12]

[14]

[15]

[16]

[17]

DM 2020 4E 1 HEE 41 B5 1 M Adv Cardiovasc Dis , January 2020, Vol. 41, No. 1

& ¥ x ik

Hilfiker-Kleiner D, Hilfiker A, Fuchs M, et al. Signal transducer and activator of
transcription 3 is required for myocardial capillary growth, control of interstitial
matrix deposition, and heart protection from ischemic injury [ J]. Circ Res,
2004,95(2) :187-195.

Kurdi M,Booz GW. JAK redux:a second look at the regulation and role of JAKs
inthe heart [ J] . Am J Physiol Heart Circ Physiol, 2009, 297 (5):
H1545-H1556.

Benussi S, de Maat GE. Atrial remodelling and function: implications for atrial
fibrillation surgery[ J]. Eur J Cardiothorac Surg,2018,53 (suppl_1) :i2-i8.

Lau DH,Schotten U, Mahajan R, et al. Novel mechanisms in the pathogenesis of
atrial fibrillation; practical applications [ J ] . FEur Heart J, 2016, 37 (20):
1573-1581.

Bharadwaj U, Kasembeli MM, Eckols TK, et al. Monoclonal antibodies specific
for STAT3beta reveal its contribution to constitutive STAT3 phosphorylation in
breast cancer[ J]. Cancers (Basel) ,2014,6(4) :2012-2034.

Haghikia A ,Ricke-Hoch M, Stapel B, et al. STAT3,a key regulator of cell-to-
cell communication in the heart[ J]. Cardiovasc Res,2014,102(2) ;281-289.
Nattel S, Burstein B, Dobrev D. Atrial remodeling and atrial fibrillation : mecha-
nisms and implications[ J]. Circ Arthythm Electrophysiol ,2008,1(1) :62-73.
Andrade J, Khairy P, Dobrev D, et al. The clinical profile and pathophysiology of
atrial fibrillation ; relationships among clinical features, epidemiology , and mecha-
nisms[ J]. Circ Res,2014,114(9) :1453-1468.

Tan AY,Zimetbaum P. Atrial fibrillation and atrial fibrosis[ J]. J Cardiovasc
Pharmacol ,2011,57(6) :625-629.

Venteclef N, Guglielmi V, Balse E, et al. Human epicardial adipose tissue in-
duces fibrosis of the atrial myocardium through the secretion of adipo-fibrokines
[J]. Eur Heart J,2015,36(13) :795-805.

Haghikia A, Stapel B,Hoch M, et al. STAT3 and cardiac remodeling[ J ].
Fail Rev,2011,16(1) :35-47.

Li D,Shinagawa K,Pang L, et al. Effects of angiotensin-converting enzyme inhi-

Heart

bition on the development of the atrial fibrillation substrate in dogs with ventricu-
lar tachypacing-induced congestive heart failure [ J]. Circulation, 2001, 104
(21) :2608-2614.

Savelieva I, John CA. Atrial fibrillation and heart failure; natural history and
pharmacological treatment[ J]. Europace,2004,5 Suppl 1:S5-S19.

Farugi TR, Gomez D, Bustelo XR et al. Racl mediates STAT3 activation by au-
tocrine IL-6[ J]. Proc Natl Acad Sci U S A,2001,98(16) :9014-9019.

Misao J,Hayakawa Y ,Ohno M, et al. Expression of bel-2 protein, an inhibitor of
apoptosis, and Bax,an accelerator of apoptosis,in ventricular myocytes of human
hearts with myocardial infarction[ J]. Circulation,1996,94(7) :1506-1512.
Tsai CT, Lai LP, Kuo KT, et al. Angiotensin II activates signal transducer and
activators of transcription 3 via Racl in atrial myocytes and fibroblasts : implica-
tion for the therapeutic effect of statin in atrial structural remodeling[ J]. Circu-
lation, 2008 ,117(3) ;344-355.

Tsai CT, Lin JL, Lai LP,et al. Membrane translocation of small GTPase Racl

[18]

[19]

[20]

[21]

[22]

[25]

[26]

[27

[28]

[29]

[30]

[31]

and activation of STATI and STAT3 in pacing-induced sustained atrial fibrilla-
tion[ J]. Heart Rhythm,2008,5(9) :1285-1293.

Xue XD, Huang JH, Wang HS. Angiotensin Il activates signal transducers and
activators of transcription 3 via Racl in the atrial tissue in permanent atrial fi-
brillation patients with rheumatic heart disease [ J]. Cell Biochem Biophys,
2015,71(1) :205-213.

Zheng LY ,Zhang MH, Xue JH, et al. Effect of angiotensin Il on STAT3 media-
ted atrial structural remodeling[J]. Eur Rev Med Pharmacol Sci, 2014, 18
(16) :2365-2377.

Zheng L,Jia X,Zhang C et al. Angiotensin [l in atrial structural remodeling : the
role of Ang I /JAK/STAT3 signaling pathway[J]. Am J Transl Res,2015,7
(6) :1021-1031.

Huang Z,Chen XJ,Qian C,et al. Signal transducer and activator of transcription
3/microRNA-21 feedback loop contributes to atrial fibrillation by promoting atri-
al fibrosis in a rat sterile pericarditis model[ J]. Circ Arrhythm Electrophysiol,
2016,9(7). pii: €003396.

Cao W, Shi P,Ge JJ. miR-21 enhances cardiac fibrotic remodeling and fibro-
blast proliferation via CADM1/STAT3 pathway[J]. BMC Cardiovasc Disord,
2017,17(1) .88.

Hu YF,Chen YJ,Lin YJ,et al. Inflammation and the pathogenesis of atrial fi-
brillation[ J]. Nat Rev Cardiol ,2015,12(4) :230-243.

Mir SA, Chatterjee A ,Mitra A et al. Inhibition of signal transducer and activator
of transcription 3 ( STAT3) attenuates interleukin-6 ( IL-6 ) -induced collagen
synthesis and resultant hypertrophy in rat heart[ J]. J Biol Chem,2012,287
(4) :2666-2677.

Hao L,Ren M,Rong B, et al. TWEAK/Fnl4 mediates atrial-derived HL-1 myo-
cytes hypertrophy via JAK2/STAT3 signalling pathway[J]. J Cell Mol Med,
2018,22(9) :4344-4353.

Jiang Q,Ni B,Shi J,et al. Down-regulation of ATBF1 activates STAT3 signaling
via PIAS3 in pacing-induced HL-1 atrial myocytes[ J]. Biochem Biophys Res
Commun ,2014,449(3) :278-283.

Krishnamurthy P, Rajasingh J, Lambers E et al. IL-10 inhibits inflammation and
attenuates left ventricular remodeling after myocardial infarction via activation of
STAT3 and suppression of HuR[J]. Circ Res,2009,104(2) :e9-el8.

Obana M, Maeda M, Takeda K, et al. Therapeutic activation of signal transducer
and activator of transcription 3 by interleukin-11 ameliorates cardiac fibrosis af-
ter myocardial infarction[ J]. Circulation,2010,121(5) :684-691.

Dong Q,Li S,Wang W et al. FGF23 regulates atrial fibrosis in atrial fibrillation
by mediating the STAT3 and SMAD3 pathways[J]. J Cell Physiol,2019,234
(11) :19502-19510.

Chen Y, Surinkaew S,Naud P, et al. JAK-STAT signalling and the atrial fibrilla-
tion promoting fibrotic substrate[ J]. Cardiovasc Res,2017,113(3) :310-320.
Chang SH, Yeh YH, Lee JL, et al. Transforming growth factor-beta-mediated
CD44/STAT3 signaling contributes to the development of atrial fibrosis and fi-
brillation[ J]. Basic Res Cardiol ,2017,112(5) :58.

W Ag B H:2019-05-28



