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Figure 1 Introduction to the AP-1 regulatory pathway
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Figure 2 The relationship between AP-1 family genes and related cancer regulation

Jiik, A AP-1AT S 57T R DR DL B e K e Bk
7T HEATH I T . Hoh LB B2, 20224511
— T 7 B T R, AP-15E AN 5L )
FIEN AN ) RSB e e, AR
FR) A 3 (R ) p-c-Fos, c-Fos, ATF4, c-Jun, Fra2fll
p-Fra-1) ] &G E A A - AIRES . B AP-18 5 B 1)
St AT LA AR T 6 5 QAR 4R i AR S, 7
MR R A LA HoAth R R I R R, AP-1 R R
A [F B9 15 Th g Mauduit&s A 25 i 6 224 6] 78
JRRE ) B B 2R AN M R AT RAR IR I, RIMAP-1X 40
T ERE P AT ARSI, AP-145 & 07 S 58 43 iz 4
)3 L A0 B ) A2 KRN . T — T S i R 2
B B I BB 8 R A A AT R, AP-1 R IR AR
Al AR IR — R OB AT R 1. ROk, fRRZE
P P BB 208 4 L 1K) 134 534N IS X b, 4543540
XI5 AP-145 & FE 5 A, 785 WA BRAF AL
) S £ TR 4 i R A3 7581 Colo829, BEHICDK12F1
Jun N JEE(TNK) P01 i 750 T DA 208 P 18 B A0 A7 35
FRERAMEE RS, LRI AR, AP-15E
JEE DRI TE 2 68 2000 11 3 e R 1) 2 42 28 0 R v b 38 o B
T2 WA R, 9 Ho X — B M e v T e L {H
M, ARG K S R oK, Fra-2(3KiE

902

A LA Fam2 1 2b M1 F Al BT AR SR 01 1) 38 €20 2 78 400 Jf 1)
FRFIE A 5 A1), X3 B AP-1 S AN ] B 7 (2
FREXS TR R A AN SR AR S s, (E At
— . KGRI S D BE

2.2 AP-153L0E

UM AT LoV WL R, R LR R A
LRI BE R A% i v R R 3R T8 A D R e i R
R Z. 70 AL R AP- 140 3= R B e I EH,
{HRTE R L L T AT B8 A AH R IR 2.

FEFLIRIE I R R FE T, AP-1 5K R JunB3E X (1)1
FIMTCE . Wutschka A FOI) T4 35 B 76 2L A i
R AT DA JunB &R (R K B3 T e, 20T
SN, JunBIEREFRMERR /N R (Mus  musculus)
FLMR R A PR Sy, X R B JunB o2 FLIR S 4 T
B 1. B52 Mk, 55— R SR, 18
TGFBHLI [E] (1.5 h) B K [A] (16 hyAb ¥ id (YMCF10A
MII(FLIRFE AN, AP-1455 38 7 B Gt i v] 1 B
FHE . TGFBIE 5 75 M i e s S mT DUR At iz
. RBAER, (HEnBRKAFEIMCF10A MII
R, A ED8ANTGFPRHIE K /K7 &3 T iR,
X 1565 JunB & TG B M 171 240 vty 20 11 Sk DAL 1



hERE: AaRlE 202544 S5 FHs5 M

X 2 TE) 2 AT RE R T LR A R A B i 22 A
PS5 R, KB T JunBYEEIE & AN
A B R A 2R R PR A% Th e

S AP-1 5 i K K Fra- 278 3L I b d i 5 7
HEEH, JHE 22 KB FIESE. Milde-Langosch%%
N7g FHMCF7RIMDA-MB23 1 41 il 2 T J& (1) T4E &
7R, Fra-22 J0 R0 40 i 42 28 AT B 10 080E R 1,
Fra-23d 2614 7] LLIR S ICAM-18{L1-CAM( A & Ho A 41
- 200 A - B 5 B R 1) R IR KT, — TR 5 588
ALK FIDNABLFE S SE30 R B, Fra- 11877 5 osg dk
HFEEARIEL, FFra-177 DU 2 U AR
JIRARE AR 2 PR R Y (R o A ), A 30 L B P g v, e
B SR o(ER) [ FRIE P, 5 SO 2 28 1 T 5, 36
43 I R 5t /2 ER o ] DA B Fra-2 ) A 7K, 1 B30
RelBE (5 MIRR B MG R MRIE. BT H) 2
WEAIFra-2 (bR SR AN, Bt IR, 59
EMT )% 5% K+ ZEB1 7] ELflc-Jun/Fra-1 — R A H A,
5 Hippo il % 2408 Rl T YAP— 2 T i s X 0 5 44,
T A g i A 01, [FIH}, Fra-1f1Fra-2—#¢, 4 & 2 FL R
TEM MR EER T, A iEHE SR Fra- 1R 400
(EMTL A2 2 PR 5P, R Fra- 13214 1T LASE F7 40 ]
/N BRI v L e ) B A P,

2.3 AP- 154 HpE

g H e I F S D RS, R
9073 NFET:, (5 4 ERIEAR AU T ABI10%5%. AP-1
FFE NS 545 E e 0S5 A s R B IR
BUAr. AEFETMESERTRE, S A s 40 B A S 5
TR AR ZE.

Y A AR B 5t 43R0k — AR A 5 20 - 240 /4 -
JE AR EAE A S FE IR, T I e I IR 2Rk ) 2 Al
AR RS B i EERN R, A%
AP-1F A E E R 4. WClaudin-3 2 E b &
BRI R ERNEA, £ pRagih R
KPR FEHT-29( N\ 45 e 40 i 52) 1, AP-1/c-Junf%
%R F- 1] LL#ESCF/e-Kitf5 51 3 J5 45 & Claudin-3 (1)
N2 2 DR 7 9 JE iz IR R IE L 5 b —Fhe L
(1) 40 P B 2R 4 11 3 T 2] (A (Vimentin) 7F 45 B % 9 41 i
R, SEEREE. REBEEX. AiLHEERY
AP-1 5858 (A (R ) 2 c-Jun) AT DASE S 388 TF 28 14 8 23 1
W, AT AN M 3G A L IR AR B FERY, -

Junth ] L4 & 48 & L EEMMP 1 (5 £ e R 28 4
25 B e 2 AR ) MR R T R 7, IR T HRIAK
F, HiZid 2 BISTAT1/3 %Y. — R AL & E
SRX ()2 3 AT AR LS TFc-Fun B R AL KT, AT 42
4R R A EEMMPO A, (b 4l i a0

TEE B AL, SALLIFEF JE2) T B 540 8
FESB N, T LA A BR AL 2 il bR, SALL I3 IR it
RIEPEY R ITEIER (G5, TR AR ZERE 118
), RV A Ak 5256 2 B o-Jun B B AL AR R B . gk — 2B
55 P AP~ 1300 46) 750 U AT LA % SALL 175 5K B AR T 2
R IX 3 B SALL TR AR FAR KRR 2 FHAP-1
KA 1.

45 L T e 20 L 1) iy J8 AE A L R 2 & 7 iR
JU/FRAE/ AL LIRS AR A, BIF 7T IX Rl i g mT 28 MR Lo B
LI R E A2 —, RONIXAN AR R 507 i
25 AR AN M S AR R B B G, TR AN R
(1) %% 3% IR YAP (1) 3% S UK T AP-1FITEAD I &
ii[58]'

JLCAESR, R 4T 1 R TR 7t A2 PR A
VI — K. BT EoR, R4S B A A
SET-4 i FR JunDAIRIE B, FFIHIRCAN2EE %,
ENFATC U5 S, 3k 3 55 45 & % 9 10 T 40 Mo kk
‘Iﬁz[S‘)].

2.4 AP-1555i%

P SR VA T I AR P 0 B R 2 — R A A 1
e, R MR AE = O R O S (HG-SOC, f i L
5 BLAR 28 1 1 O S8 ) . AP-17E B S8 vh R AaE A
HAt R A AN E, B S5 R fE 2t R
WT, AE R S AR B 1R T RE SR B
J 1.

X b Bz v ON L £ 1 2 2 AT AR ARSI R BN,
ANFEAP-1HF HIRIE KA R 257, i Fra-288H
TR RS, (HAEE AR BA HENERR. 7
Hhc-FosF ik AR 43 2% 2 [0 A B R AR e, By
250 1 BN 53988 1 c-Fos IR & W i kb, c-FosIIR A &
WG B 2 A A7 R W E M o3k R L0
Ja SR SRR TEFE RS T, c-FosMIFosBI1 R IA i 3%
AR T AR R A J5 2 0 S8 101 7 /N BRI AR B - Fos 5 3%
AT 1 55967 240 o sk B A= 28 O 5905 240 A 11 S 56t UE B -
Fos 1] DAFRRIESE I FE BE /1. XM HMHIThEE IR il e /2 K

903



ERAE: AP-1 KRB SRS Sl Mg, K EMEEHRE

H T c-Fos % 5 DR Ja2 240 B 3 41 B &1 38 53 A0 Py Bz 400 i 1)
70 B B 7 PRAR 02,

{HAP- 158 1) FAth B B20%F B B 988 3E 7 7P 16 1R
PR LT SR . 5 R APEMR AR B, 12 28 i
Jun B, Jun DFIFra-2ff) 3R 15KV 5 &1, c-Junff R 1k /K -
A MR R AR 28 FE HEMT AT R O A 3 48
W EE. EHG-SOCKEA M, W& ZE-1(ET-1)A]
DANEMTHREZIG 7 FEH. B ER, ET-1ES
A LU % S ZEB1/YAP/AP-1 5 & 41 25 M T 2 sh A
SRR ¥ 57 (BL3E EDNI(ET-14w T 3 R M ZEB 1 R D),
MR — AN IE R BRR %, A 20 EMTHERE). 78
s K B B X HG-SOC 2 3 RE A 1 FL g it
M, RIAP-15FEH (c-Jun, JunB, Fra-1, ATF-2,
ATF-4)TE 8 L Rz 40 i R0 41 2 41 M R 1) S 3 b 5 1R
R ATVEPE. AP-14HIFIT-5224(CF R il c-JunFllc-
FosfIThRE) b EE AT DL 3 0 20 T A, RBTEr
Tuws 2,

i B TR 458 A2 ] e 8 b 5 00k T 24 1Y)
&, ARSI R TS . 7R HTHG-SOCHR I it 24 (1)
B HL T, AP-1F ) — 5 H(c-Fos, FosB, Fra-1)
PG o S5 5 W - oK R Al T P25 1 ik e e e o)
TEAE. T AP-15% 5K 456 A 55 % £ HIF -1/
PDL2 {2 3k P 5 PR ik (FE S A IR B2 ) ) B 2230
L A, TR 2 E 3 R 21 4t R B SH3RF2
FIKF 3 s, HLH] ESH3RF2# A 1] LMEERBPMS(—
FEmRNAALER K1) 0 B, MRS IS 0 AP-1 5K T £
F1(c-Fos, FosB, Fra-255) 145 G401, S 5AP- 145
DR 38 1961, 36 Lo f 72 TS 35 AP- 1 TR AE HO LT 245 1
B, TR AP- 135 SR 11302514542
WEREFH, & BL T WA S f e e 2k a7,

25 AP-15F5

JH e e NISER 7S K i LI B R e, 5 Wi
R ELFE AL . 28 SE SRS . b4k, BT H
fERI AL B ANZH R, DL R MR B AU R S e F i A 55G,
JFPHIE 285 2 LAt 2% 'y OO HL 2 485 P ) 1A e i 2 L 51 181,
E I B TR P AR s v, AP-1 5626 IR (R a1l 2
c-Jun)I INREAR B 1) 2 W FUAIE .

FEN KT A K HERE S, c-Jun B RIE TR
EWEARKGES. TR M, c-JunfE MR LA
B B IR F R+ 2 B, TITAE PR 5 30 )5 2R i e-Jun

904

AT I35 D B R B A RN, XN I RE R pS 344
FIE T 38R R0 3 — TR 7t 3% W 76 AT 40 Mt e Y k2
BIYEL, c-Jun®] DL it c-Fos &K #i ) 77 30 _E i SIRT6-
Servivini #, 4ERFAHMIAEE. B T _EIR A AT AR A,
WA BN R P ANHCVZ D EE, BN
PR R R, AR Rl BB b SR AR 1 i B e-Jum
A LAk B W 0 R R R AR AR R R,
EHBV & H 15 S /N AL, I e-Jundk R
FIEAEZ AN ] 5038 A, TR IZAR I b 2% P m ok
c-Jun P LI 25 ol b RSB ek A g i BT, Bre-Jun
b, FEAS I R A B A SE T 5 T AR I 2 P e 2
Fikc-Fos®E H. 18 H — LWL F T /N B e A8
IWIGERY B, I c-Fos ik 23 i 1 T+ U M 2.
IF) B 7 25 A P R Bk o-Fos 1R /0N B HP 48T FH = 2 288 10 i i
WUV SR R A, X Ui c-Fos MY g LA
T 20 Bt B A, T L AR P A e R B S
(K73, Brc-Junfllc-FosAl, AP-1JAt R 571 Ho ek FFF4 o ges
PR R —E/EH. — Dt 748 H c-Jun~Fra-2(fl &
BB c-Jun/Fra-2 D) RE, FEAE/DN BB g RIE X
PR AR A, 458 ERIT0% /N F=AE T w] LRI
HREIE, XPRIE RN A He-Myc2E KA 3 1. Bl
s&c-Jun~Fra- 1R % E B &5, W Fra-141Fra-2
FE N b = AR R ShBEAS R R, Fra- 178 b1
1E R EEA TS, A 201 74 10— TRE 5 i ow, 40 i
I8 N JHRE H (1) Fra- 17K~ i b7, 17 H 3Rk Fra-1 0 14
Ji R 1) BB A A 2 B A T Fra- 1 M, R RME AR
— AR

JHF 2 0 DAL )R S S R 7 A, o DAL ) e % SRR
4k . e Hiimanied, CBSHE A B, @it
H,S K5 F15 5 51 N IFAP-1KF I LT, #F—25
FEFHVEGFIIERIA. 11 P AN ik 72 n] U 80 i) 45
e 40 M () P S R 0 MU T AE TR AR, AP-1X
JR I Fos B IR 75 I AT 55 52 6 241 B A= 28 1 o 2 vp ke 31
R . AR, MAT1A/PHBATE—/KF T Bt a]
543 FosB/MAFG - AR B Al B, MM K & Rk
MMP7 BRI M AR . 3 e A b JA A5 98 200 i 46 X
JE LS INMR 2, SEURE MR R A,

3 AP-15%%

AP- 1K RN A RSFIFSR A T, A MR



hERE: AaRlE 202544 S5 FHs5 M

HER AR E R E AR H N IhEE. tllle-FoskiB
(K171 BRAAT 2940%3 BURAE, E ATV ERAR, R 2
i, VISR A G, AR REARAR . B AP-1 5 T
Z 5T ERIRZ, RAENTTHLE]_EFMAP-14
AR E S R I B AR R R . AR AE RO 7T
i, XFAP-1 K B ThRERIR R AR T T HL —
ERFFATHEATIN. R s 32 22 R G S e A
B P i P[RR PR JE .

3.1 AP-15#M&ERE

E NIRRT R R R F R, R (Drosophila
melanogaster)~ BLL A (Danio rerio)®)/Ni, AP-17E H
RABNVIHIME RS K B Rz 2R 1 2
. W FCIXLent R A B T IRA VAR I e R E LA
PHE R GUTR I R AN, FEARR NI R E A K E
VIR A BAS FL AR AN VA TR A

SRS, AP-15CRAE AP 48 112 57 40 i/ 2 TR 11 5
AL R s A 7, AR R B e, A E P AR
ZL AL UTX/KDMOATE N AR 2841 i o ] DA
5 — FR A Gt A R PR AH ELAE AT 8 428 25 DR 36
1K, AR 28 AR A IR 5T R AR, XA 5N Al A i i
AP-VE SRR 1. BARRUUTX ] BLdE i #]
AP- 103X 6 5L R (1 ] R 11 B ¥ B4 S I AP-1 K55 1Y)
J7 2 T 0 i SR A e R A e,

BARAP-1 KGN0 2 Z 5 & kg
P RGTY SRR, (R AN [F) % 0 1 B VAN [, B
W R B IR RANE.

c-Fos# | iz AI{EM & uimshttn &), JES5Xa
PRI IA IV 2 A RAT RN %, 1R/ B
w, SEFAETIRRAALL, c-Fosim BRI/ R AR TR
T2 i AHL 41 (N SPCs) [ J 74 4 28 0 240 D 1Y) 73 A 26
K 1720%, XFhgzm A2 it AP- 1% g AR 1 52
mi VF FH R (Rl g2 Y, AR BRI WL A Rt —
7 S Il

FosBA: A ) — IV AU iR IE Sl A A 0. Ja
AT AR R I 2 5 30K B (Rattus - norvegicus) ik 2 BEBY Ui
IR 8] F 41 35 6 75§ DeltaFosB(FosBImRNA % 4 7]
AR BIREBIIE =), B S 75 T AR A AT R0 B bR E P nes-
tinBl -2 FUMEFF 45 & AR K galectin-1 IR IE.  IRREA
SHRIBESLIGUER, DeltaFosB R DA ik Ef 1A 28 B4
ST R IEBE,  A\TT $86 A pRaf Fr e 2 A

HEAT ATF-25 2R 58748 (1) /N R R I L 5% I 11 25
. I EEVEERRINT 1R B I SRR, AN
HF 40 o (Purkinje cells)ZU & H/D, AIERKRE ZE46, N=E
R, HABBR A R, ATF2D) 68 2k S E U BUR
fifi & B R Tz s 2 ciBk, HARRBUNE T #
2N PR ATRURZY S e E i 2y T o
BE 40 M A0 T R AR 2 B R AL N . X S SR R SR
ATF- 20 AR RS K B I EEMEH. 7ES FAHL
iill_E,  ATF2] G A2 18 i BR il B S B ONK Flp38(— &
H A X A 8 R G AN AL T B SR R0 5 R T B
WHHERg R B

TEPRE A5, FA B B Pt 2 & D [
IR, EANEMERE TR Z @R,
— THAE b b T W SR T AP-1E N R e 5%
DR 75T M5 s B A 2 4 M R R AR . SIzBi A
MNSHIZ B E TOE N R, RIJAP-127EDa7
nAChR( Z. B RERS 32 44) FICaMKII ) R 5 K IEThAE, v
SIS R R R GRS B — IR Al
FH V& (Xenopus  laevis)T 45 Hi AP-1(c-Jun/FosB)if
IE T FoxDSbRIA Sk # il IR I 2 R 2. A BB 11
&, SFoxD5bIEN 456 W AP-1 AR %€ Ne-Jun/
FosB, 1M JoiE Hc-FosHiFra-1k{C % FosBIf) Iy it
TRIMEERI&EARS Z Al Ea 6, Hf
TRIM69 F 7 N 52 HLeDNA S H o 1) 7 4
[, 76 53 — P Rsh B 5 fa i oA [ JE IR, 9 FLG B
e Kk B AT EEIhAE. BT RN TRIMGYI T fig
S T AP-1ER AP RS SUE TESe Bl . Bk
Ui, ERMKTRIMG9)G, c-JunfJFRiARE 2 1N, i
TRIMG9) it ik M S8 c-Tun i) Fif, IF HILHRc-
Jun 7] UL ROR B TRIMG6 9 Rt 47 5K 1R K i % 78 e 1),
AN, B AR BT sk, L AR X A
ZRAMIBEIhEE. R il B 5, Fr e
TR0 S M A0 RS B 15 S 1 T A 4 e,
TR FEAE M R A TENLH B, ok B R A B4 e )
TNFof5 5 75 St & H 40 L o Tofrsflat S HAP-13%
P, TG Ihdac | AP & AR I AR (R HESRIA. X T
T A A AR SR AE I FLAN Y FEAE A 2 BB Hh E AT 7
AL T AR H AR

32 AP-15%EMMEHLEE
T B RBOE B R IR B A E AT R AR LE 3K

905



ERAE: AP-1 KRB SRS Sl Mg, K EMEEHRE

ATTEE 0 AR S 2 I 9. X O 75 LA, s R Y8
S H5IARZ R EBENRE, SRR SER.
LRAEE. I AR 2 HOR IR T B SRR 118 1+
Y. AP-1Z AN [F] 03 T8 A [RS8 P 4 i 1 AS )
B BGR B iz M SO R A R R T e

c-FosEE H) 2 2 588 24 LTz, 0K
W FLHE th c-FosTE IE i fiff 28 7 1A 24 H 73 44 B 4 B3 3%
i, TELRMUIT IR B g™, G2, BHERAT
Tk R R A c-Fos I M4 R, WAL/ 3
RIEKPBARMAR R, H2E LIRS mRIA
JunBIIMI4I &, X5 B c-Fos 1] Ag A 1l 11 2% & &
YA K B EH AFTE I Th AL, c-Fost 5 3R IA M 141 B
XTIL-64H i K7 I UM =, R 7 1 ng/mLE7K-F ik
A PABI 2R Ak, 5 IEM AR5 2£50~100 ng/mL
7 Bk M R R s 20T BB DAL iR 40 i A,
c-Fos RTERE RAM I LI BURIERIZThRE, TERE
B B B RTFRIA AT RE 2RI K B IR

AR 27 0 24 L (N 4 i ) A 5 J % iy 9 Bl v 99t
M R R EEEH MR, AP- 1K 25
SIBNKM ) R B 5B ARNRALL, Fra-1
A TR /AN SR A) 9% 3 V) v SR PR T4 e S 3 1, g
NKANAE.  E AR5 TN (NKT)FTB Y i £ o /0 1+,
Ut B Fra- U0 T30k R4 M 1) K B BU# R RE 1A B 3%
SO, MRS RIAFra-2(0 /NI IR, v A R
W 2 U 2R BINK A i 30 & B b, Bk
I, NKYHHR) R B ShFEE T RIINKRTARRT B, Hixbh
M EZONA N TENE, 5B XRARN K, X Fra-2
FENKAH A & R AR R 7, Fra-2 10486 NK
Y R B S AR e LY 7R NK Y 30
B&, c-FosflJunBIFK A /KFFMDNAZ & G /13 A 12
F+, M TFN-afICD16JT 5] 2 FINK 24 ff 505 135 5 AP-
15 A RPN,

EINKAH AN, T4 M A B 4 i 2 3 37 1 4 28 1)
PRI, TR BB, A 205t
AP-1TETCRIV Rl K AF/EH, 5CD8™ T4H I LA
PN BUN & B LA 2 BIAP-1 F R A 1 %
fEc-Fosid FIA /NG, B AR A4 IS I BAH it 25 4%
SRR 25, {H 23 0 B- 1640 A A1B-2.40 A #H Xt
BB AR Rt FR A DU 5 A — 2L T Fral fOad €
IE 2 38 Bk O A Blimp 1A T #0050 B 4H A 170 3 48 i 4
P4,

906

4 AP-150% et Jir ml e P 2 A i e

20 3 2 — AN TS R A I S A, R
— RIBAT VAN MRS AR R 24k, AR T 7T
i, RHEIRIR A AR B SR E M FER KD, 3%
LIRS L8 I BN AT EE AR, H AT, RS
FAAEEZHH PR T HEEEM, SAEDNARF
. B E AR AE A e G s R R, RIS
[EVHIER AR AT =4 27 P

BeAk, et fsin] KT LLE I P EDNAE % ot
AR R RIL, 25 3% M A B B AR T 1 Eh A
FERRIR TP, R AL LR N AR AriE. TE
SEI R, AP-17T LUy Se e R 1 iR et il S 4k,
M VR FE A MU RE 2 SO 4R A ol E (L.

4.1 ATF33RZh A guta Ji s 3

R R R R A S R R R R A AT, R
B IR e 08 R G £ ol ] R AR O i R R 2 R AR L e
P Rl A S G 8 5 (X 3 1) AT S 7R 3 i FE
AT BE 2 I B kb, B AU E AR Z ONTAR. @
AR KR T E LT, RIWAP-1ZKIEN =S
£, Horhig B SN KT ATF3. ATF351ARSE &,
FIFRG 05, T Hon] Rk, JFdt— s AR %
FA I R ) 218,

4.2 RSN BB e R PR 45 B L IX

Wt 2 P 2 i A AR BEAT, AP SRRIIZER RN, T
EEAP-1Z R T (1 B, /v B G stz i
TR, BREEE T e e AL, B et
Je 3917 1 2 R ) e (R R AR R 7 IR EEHT A, B
X IR A, G H R AP- IR & B2 (H 4H i B 1 e 5 IR
Tk R A X, RS R T KA T,
SRR, RAEFELNZ,

5 A&

AP-1 KR E O — R m E R RS T, B4
Mo SEFE. T, A7E DL AR R A A AR i R
P CBAEER. Bl 524G 5 E®mNE
H, WIMAPKs, NF-kBFINFAT, 25 20 i) B i s i
G, TEHIER N S it B S MR R B St



hERE: AaRlE 202544 S5 FHs5 M

PR EEEA A, AP-1EMIREH ERH TN E 2%,
B AT DA I A2 32F 40 B 3 5 . AR 28 RN e A8 HE B e e gt
Ji&, AT BN SR H HE R . X RO E ) e
INAP-1IIME I AT RESZ B0 R AL . RS AR & I
Bz, AR IAAHETT 2 R AT AP-1/EA A AR 3%
s FRESTIEe, A B H AR MR O R EUR
BRSNS, i, AP-17EME R ZEM
Bnl e i gy i ot B BE PO ) e BRI IR, T SR AR R
AT FE A I 7R E AR RR . Z2HEH AW
zh,

ER BT, AP-1XKEM R R RGM &4
RGEEZFHEMIBEE R R AT FE P R EEAER.
AP-1 KGR MR R FEENMERAKE
B, FEMNROUKSE ERemsh 2 4 . 55T 20 B i 5
. ERZEAIRE R E IR T AP-1Z2 5 1R EN
W Z A HEERER, Nc-Fos 588 R ILAESS, 1M
Fra-1FlFra-2 Ul 52 Wi NK 41 FIBAH (1) K & . FEAH i E

S5 3k

I EEZ I FE A, AP-1R] LS 1 2 e 0 5 4 5 [X 45k
TR SC I, SR A 2 (1 4%, XK HIAP-1
AMUIERRE A T RAEEDRE, B EEAERE
RS FREER. RERAP-1/E R B
L GBI TR TMERE . WA FH AR
HIThEEMAR R, ULRHAP-1 RN T B8 B A R 1.
A DB BRI S AE B R L], s iR
ST AR RIS, SRR B 2R AT M 1)
BITIRIEAR R,

B AP-1 J e B A I AN PE AR T T BE S O R
WG A A RS 7. Bl C&fH 2R 259 pi e v
AT DATE 4 i B33 B A A5 AL 400 ) AP- 1 B e % 1) 8K
(5224 SR1130217), 28 B HF% Orientin)%%).
(BRI FRVHE A, AP-15 A [FFE R T 4h
RASMRIE TN RE T e & BSAARI, TERE . £ X
PEIRIIETT 24P KRR AW I A, BT
HRIT AR I FRAKEIE .

1 van Dam H, Castellazzi M. Distinct roles of Jun:Fos and Jun:ATF dimers in oncogenesis. Oncogene, 2001, 20: 2453-2464

2 Bejjani F, Evanno E, Zibara K, et al. The AP-1 transcriptional complex: local switch or remote command? Biochim Biophys Acta Rev Cancer,

2019, 1872: 11-23

3 Bushweller J H. Targeting transcription factors in cancer—from undruggable to reality. Nat Rev Cancer, 2019, 19: 611-624

4 Mathas S, Hinz M, Anagnostopoulos I, et al. Aberrantly expressed c-Jun and JunB are a hallmark of Hodgkin lymphoma cells, stimulate
proliferation and synergize with NF-kappaB. EMBO J, 2002, 21: 41044113

5 Schnoegl D, Hiesinger A, Huntington N D, et al. AP-1 transcription factors in cytotoxic lymphocyte development and antitumor immunity. Curr

Opin Immunol, 2023, 85: 102397

6 Yoshitomi Y, Ikeda T, Saito-Takatsuji H, et al. Emerging role of AP-1 transcription factor JunB in angiogenesis and vascular development. Int J

Mol Sci, 2021, 22: 2804

7 Pagin M, Pernebrink M, Pitasi M, et al. FOS rescues neuronal differentiation of Sox2-deleted neural stem cells by genome-wide regulation of

common SOX2 and AP1(FOS-JUN) target genes. Cells, 2021, 10: 1757

8 Atsaves V, Leventaki V, Rassidakis G Z, et al. AP-1 transcription factors as regulators of immune responses in cancer. Cancers, 2019, 11: 1037
9 Shaulian E, Karin M. AP-1 as a regulator of cell life and death. Nat Cell Biol, 2002, 4: E131-E136

10 Ye N, Ding Y, Wild C, et al. Small molecule inhibitors targeting activator protein 1 (AP-1). J Med Chem, 2014, 57: 6930—6948

11 Jelinek T, Catling A D, Reuter C W M, et al. RAS and RAF-1 form a signalling complex with MEK-1 but not MEK-2. Mol Cell Biol, 1994, 14:

8212-8218

12 Waskiewicz A J, Cooper J A. Mitogen and stress response pathways: MAP kinase cascades and phosphatase regulation in mammals and yeast.

Curr Opin Cell Biol, 1995, 7: 798-805

13 Hill C S, Treisman R. Differential activation of c-fos promoter elements by serum, lysophosphatidic acid, G proteins and polypeptide growth

factors. EMBO J, 1995, 14: 5037-5047

14 Dérijard B, Hibi M, Wu I H, et al. JNK1: a protein kinase stimulated by UV light and Ha-Ras that binds and phosphorylates the c-Jun activation

domain. Cell, 1994, 76: 1025-1037

907


https://doi.org/10.1038/sj.onc.1204239
https://doi.org/10.1016/j.bbcan.2019.04.003
https://doi.org/10.1038/s41568-019-0196-7
https://doi.org/10.1093/emboj/cdf389
https://doi.org/10.1016/j.coi.2023.102397
https://doi.org/10.1016/j.coi.2023.102397
https://doi.org/10.3390/ijms22062804
https://doi.org/10.3390/ijms22062804
https://doi.org/10.3390/cells10071757
https://doi.org/10.3390/cancers11071037
https://doi.org/10.1038/ncb0502-e131
https://doi.org/10.1021/jm5004733
https://doi.org/10.1128/mcb.14.12.8212-8218.1994
https://doi.org/10.1016/0955-0674(95)80063-8
https://doi.org/10.1002/j.1460-2075.1995.tb00186.x
https://doi.org/10.1016/0092-8674(94)90380-8

S AP- 1R R SR Sl M. KEMEE R

16

17

18

19
20

21

22

23

24

25
26

27

28

29

30
31

32

33

34

35
36

37

38

39
40

41

908

Rouse J, Cohen P, Trigon S, et al. A novel kinase cascade triggered by stress and heat shock that stimulates MAPKAP kinase-2 and
phosphorylation of the small heat shock proteins. Cell, 1994, 78: 1027-1037

Lange-Carter C A, Pleiman C M, Gardner A M, et al. A divergence in the MAP kinase regulatory network defined by MEK kinase and Raf.
Science, 1993, 260: 315-319

Derijard B, Raingeaud J, Barrett T, et al. Independent human MAP-kinase signal transduction pathways defined by MEK and MKK isoforms.
Science, 1995, 267: 682-685

Jiang Y, Gram H, Zhao M, et al. Characterization of the structure and function of the fourth member of p38 group mitogen-activated protein
kinases, p383. J Biol Chem, 1997, 272: 30122-30128

Raman M, Chen W, Cobb M H. Differential regulation and properties of MAPKs. Oncogene, 2007, 26: 3100-3112

Zer C, Sachs G, Shin J M. Identification of genomic targets downstream of p38 mitogen-activated protein kinase pathway mediating tumor
necrosis factor-a signaling. Physiol Genomics, 2007, 31: 343-351

Zhao Y, Liu X, Qu Y, et al. The roles of p38 MAPK — COX2 and NF-kB — COX2 signal pathways in age-related testosterone reduction. Sci
Rep, 2019, 9: 10556

Li Q, Verma I M. NF-kB regulation in the immune system. Nat Rev Immunol, 2002, 2: 725-734

Baldwin Jr. A S. THE NF-kB and IkB proteins: new discoveries and insights. Annu Rev Immunol, 1996, 14: 649-681

Baeuerle P A, Baltimore D. Activation of DNA-binding activity in an apparently cytoplasmic precursor of the NF-kB transcription factor. Cell,
1988, 53: 211217

Bacuerle P A, Baltimore D. IkB: a specific inhibitor of the NF-kB transcription factor. Science, 1988, 242: 540-546

Sen R, Baltimore D. Inducibility of k immunoglobulin enhancer-binding protein NF-kB by a posttranslational mechanism. Cell, 1986, 47: 921—
928

Lakshminarayanan V, Drab-Weiss E A, Roebuck K A. H202 and tumor necrosis factor-o induce differential binding of the redox-responsive
transcription factors AP-1 and NF-kB to the interleukin-8 promoter in endothelial and epithelial cells. J Biol Chem, 1998, 273: 32670-32678
Fujioka S, Niu J, Schmidt C, et al. NF-kB and AP-1 connection: mechanism of NF-kB-dependent regulation of AP-1 activity. Mol Cell Biol,
2004, 24: 7806-7819

von Knethen A, Callsen D, Briine B, et al. NF-kB and AP-1 activation by nitric oxide attenuated apoptotic cell death in RAW 264.7
macrophages. Mol Biol Cell, 1999, 10: 361-372

Shaw J P, Utz P J, Durand D B, et al. Identification of a putative regulator of early T cell activation genes. Science, 1988, 241: 202-205
Loh C, Shaw K T Y, Carew J, et al. Calcineurin binds the transcription factor NFAT1 and reversibly regulates its activity. J Biol Chem, 1996,
271: 10884-10891

Luo C, Shaw K T Y, Raghavan A, et al. Interaction of calcineurin with a domain of the transcription factor NFAT1 that controls nuclear import.
Proc Natl Acad Sci USA, 1996, 93: 8907-8912

Shibasaki F, Price E R, Milan D, et al. Role of kinases and the phosphatase calcineurin in the nuclear shuttling of transcription factor NF-AT4.
Nature, 1996, 382: 370-373

Jain J, McCafffrey P G, Miner Z, et al. The T-cell transcription factor NFATp is a substrate for calcineurin and interacts with Fos and Jun.
Nature, 1993, 365: 352-355

Rao A, Luo C, Hogan P G. Transcription factors of the NFAT family: regulation and function. Annu Rev Immunol, 1997, 15: 707-747
Chen L, Glover J N M, Hogan P G, et al. Structure of the DNA-binding domains from NFAT, Fos and Jun bound specifically to DNA. Nature,
1998, 392: 4248

Peng S L, Gerth A J, Ranger A M, et al. NFATc1 and NFATc2 together control both T and B cell activation and differentiation. Immunity, 2001,
14: 13-20

Norian L A, Latinis K M, Eliason S L, et al. The regulation of CD95 (Fas) ligand expression in primary T cells: induction of promoter activation
in CD95LP-Luc transgenic mice. J Immunol, 2000, 164: 4471-4480

Akbani R, Akdemir K C, Aksoy B A, et al. Genomic classification of cutaneous melanoma. Cell, 2015, 161: 1681-1696

Kang D C, Motwani M, Fisher P B. Role of the transcription factor AP-1 in melanoma differentiation (review). Int J Oncol, 1998, 13: 1117—
1126

Comandante-Lou N, Baumann D G, Fallahi-Sichani M. AP-1 transcription factor network explains diverse patterns of cellular plasticity in


https://doi.org/10.1016/0092-8674(94)90277-1
https://doi.org/10.1126/science.8385802
https://doi.org/10.1126/science.7839144
https://doi.org/10.1074/jbc.272.48.30122
https://doi.org/10.1038/sj.onc.1210392
https://doi.org/10.1152/physiolgenomics.00080.2007
https://doi.org/10.1038/s41598-019-46794-5
https://doi.org/10.1038/s41598-019-46794-5
https://doi.org/10.1038/nri910
https://doi.org/10.1146/annurev.immunol.14.1.649
https://doi.org/10.1016/0092-8674(88)90382-0
https://doi.org/10.1126/science.3140380
https://doi.org/10.1016/0092-8674(86)90807-X
https://doi.org/10.1074/jbc.273.49.32670
https://doi.org/10.1128/MCB.24.17.7806-7819.2004
https://doi.org/10.1091/mbc.10.2.361
https://doi.org/10.1126/science.3260404
https://doi.org/10.1074/jbc.271.18.10884
https://doi.org/10.1073/pnas.93.17.8907
https://doi.org/10.1038/382370a0
https://doi.org/10.1038/365352a0
https://doi.org/10.1146/annurev.immunol.15.1.707
https://doi.org/10.1038/32100
https://doi.org/10.1016/S1074-7613(01)00085-1
https://doi.org/10.4049/jimmunol.164.9.4471
https://doi.org/10.1016/j.cell.2015.05.044
https://doi.org/10.3892/ijo.13.6.1117

hERE: AaRlE 202544 S5 FHs5 M

4
43

44

45

46

47

48

49

50

51

52
53

54

55

56

57

58

59

60

61

62

63

64

65

melanoma cells. Cell Rep, 2022, 40: 111147

Mauduit D, Taskiran I I, Minnoye L, et al. Analysis of long and short enhancers in melanoma cell states. eLife, 2021, 10: e71735

Verfaillie A, Imrichova H, Atak Z K, et al. Decoding the regulatory landscape of melanoma reveals TEADS as regulators of the invasive cell
state. Nat Commun, 2015, 6: 6683

Houles T, Lavoie G, Nourreddine S, et al. CDK12 is hyperactivated and a synthetic-lethal target in BRAF-mutated melanoma. Nat Commun,
2022, 13: 6457

Chen G L, Li R, Chen X X, et al. Fra-2/AP-1 regulates melanoma cell metastasis by downregulating Fam212b. Cell Death Differ, 2021, 28:
1364-1378

Wautschka J, Kast B, Sator-Schmitt M, et al. JUNB suppresses distant metastasis by influencing the initial metastatic stage. Clin Exp Metastasis,
2021, 38: 411-423

Milde-Langosch K, Janke S, Wagner I, et al. Role of Fra-2 in breast cancer: influence on tumor cell invasion and motility. Breast Cancer Res
Treat, 2008, 107: 337-347

Belguise K, Kersual N, Galtier F, et al. FRA-1 expression level regulates proliferation and invasiveness of breast cancer cells. Oncogene, 2005,
24: 14341444

Feldker N, Ferrazzi F, Schuhwerk H, et al. Genome-wide cooperation of EMT transcription factor ZEB1 with YAP and AP-1 in breast cancer.
EMBO 1J, 2020, 39: ¢103209

Bakiri L, Macho-Maschler S, Custic I, et al. Fra-1/AP-1 induces EMT in mammary epithelial cells by modulating Zeb1/2 and TGFp expression.
Cell Death Differ, 2015, 22: 336-350

Desmet C J, Gallenne T, Prieur A, et al. Identification of a pharmacologically tractable Fra-1/ADORA2B axis promoting breast cancer
metastasis. Proc Natl Acad Sci USA, 2013, 110: 5139-5144

Dekker E, Tanis P J, Vleugels J L A, et al. Colorectal cancer. Lancet, 2019, 394: 1467-1480

Wang Y, Sun T, Sun H, et al. SCF/C-Kit/JNK/AP-1 signaling pathway promotes claudin-3 expression in colonic epithelium and colorectal
carcinoma. Int J Mol Sci, 2017, 18: 765

Wang Q, Zhu G, Lin C, et al. Vimentin affects colorectal cancer proliferation, invasion, and migration via regulated by activator protein 1. J Cell
Physiol, 2021, 236: 7591-7604

Miiller A, Gasch J, Albring K F, et al. Interplay of transcription factors STAT3, STAT1 and AP-1 mediates activity of the matrix metallo-
proteinase-1 promoter in colorectal carcinoma cells. Neoplasma, 2019, 66: 357-366

Zhu F, Li L, Chen Y, et al. CRL3Keap]l E3 ligase facilitates ubiquitin-mediated degradation of oncogenic SRX to suppress colorectal cancer
progression. Nat Commun, 2024, 15: 10536

Yuan J, Li G, Zhong F, et al. SALL1 promotes proliferation and metastasis and activates phosphorylation of p65 and JUN in colorectal cancer
cells. Pathol Res Pract, 2023, 250: 154827

Ogasawara N, Kano Y, Yoneyama Y, et al. Discovery of non-genomic drivers of YAP signaling modulating the cell plasticity in CRC tumor
lines. iScience, 2024, 27: 109247

Chang Y, Chen L, Tang J, et al. USP7-mediated JUND suppresses RCAN2 transcription and elevates NFATC1 to enhance stem cell property in
colorectal cancer. Cell Biol Toxicol, 2023, 39: 3121-3140

Mahner S, Baasch C, Schwarz J, et al. C-Fos expression is a molecular predictor of progression and survival in epithelial ovarian carcinoma. Br
J Cancer, 2008, 99: 1269-1275

Hein S, Mahner S, Kanowski C, et al. Expression of Jun and Fos proteins in ovarian tumors of different malignant potential and in ovarian
cancer cell lines. Oncol Rep, 2009, 22: 177-183

Oliveira-Ferrer L, RoBler K, Haustein V, et al. c-FOS suppresses ovarian cancer progression by changing adhesion. Br J Cancer, 2014, 110:
753-763

Sestito R, Tocci P, Roman C, et al. Functional interaction between endothelin-1 and ZEB1/YAP signaling regulates cellular plasticity and
metastasis in high-grade serous ovarian cancer. J Exp Clin Cancer Res, 2022, 41: 157

Hao Q, Li J, Zhang Q, et al. Single-cell transcriptomes reveal heterogeneity of high-grade serous ovarian carcinoma. Clin Transl Med, 2021, 11:
€500

Muiioz-Galvan S, Verdugo-Sivianes E M, Santos-Pereira J M, et al. Essential role of PLD2 in hypoxia-induced stemness and therapy resistance

909


https://doi.org/10.1016/j.celrep.2022.111147
https://doi.org/10.7554/eLife.71735
https://doi.org/10.1038/ncomms7683
https://doi.org/10.1038/s41467-022-34179-8
https://doi.org/10.1038/s41418-020-00660-4
https://doi.org/10.1007/s10585-021-10108-9
https://doi.org/10.1007/s10549-007-9559-y
https://doi.org/10.1007/s10549-007-9559-y
https://doi.org/10.1038/sj.onc.1208312
https://doi.org/10.15252/embj.2019103209
https://doi.org/10.1038/cdd.2014.157
https://doi.org/10.1073/pnas.1222085110
https://doi.org/10.1016/S0140-6736(19)32319-0
https://doi.org/10.3390/ijms18040765
https://doi.org/10.1002/jcp.30402
https://doi.org/10.1002/jcp.30402
https://doi.org/10.4149/neo_2018_180731N560
https://doi.org/10.1038/s41467-024-54919-2
https://doi.org/10.1016/j.prp.2023.154827
https://doi.org/10.1016/j.isci.2024.109247
https://doi.org/10.1007/s10565-023-09822-9
https://doi.org/10.1038/sj.bjc.6604650
https://doi.org/10.1038/sj.bjc.6604650
https://doi.org/10.3892/or_00000422
https://doi.org/10.1038/bjc.2013.774
https://doi.org/10.1186/s13046-022-02317-1
https://doi.org/10.1002/ctm2.500

S AP- 1R R SR Sl M. KEMEE R

67

68

69
70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85
86

87

88

89

910

in ovarian tumors. J Exp Clin Cancer Res, 2024, 43: 57

Gong T T, Liu F H, Xiao Q, et al. SH3RF2 contributes to cisplatin resistance in ovarian cancer cells by promoting RBPMS degradation.
Commun Biol, 2024, 7: 67

Javellana M, Eckert M A, Heide J, et al. Neoadjuvant chemotherapy induces genomic and transcriptomic changes in ovarian cancer. Cancer Res,
2022, 82: 169-176

Li X, Ramadori P, Pfister D, et al. The immunological and metabolic landscape in primary and metastatic liver cancer. Nat Rev Cancer, 2021,
21: 541-557

Eferl R, Ricci R, Kenner L, et al. Liver tumor development. c-Jun antagonizes the proapoptotic activity of p53. Cell, 2003, 112: 181-192
Min L, Ji Y, Bakiri L, et al. Liver cancer initiation is controlled by AP-1 through SIRT6-dependent inhibition of survivin. Nat Cell Biol, 2012,
14: 1203-1211

Machida K, Tsukamoto H, Liu J, et al. c-Jun mediates hepatitis C virus hepatocarcinogenesis through signal transducer and activator of
transcription 3 and nitric oxide-dependent impairment of oxidative DNA repair. Hepatology, 2010, 52: 480—492

Trierweiler C, Hockenjos B, Zatloukal K, et al. The transcription factor c-JUN/AP-1 promotes HBV-related liver tumorigenesis in mice. Cell
Death Differ, 2016, 23: 576-582

Bakiri L, Hamacher R, Grafia O, et al. Liver carcinogenesis by FOS-dependent inflammation and cholesterol dysregulation. J Exp Med, 2017,
214: 1387-1409

Bakiri L, Hasenfuss S C, Guio-Carrion A, et al. Liver cancer development driven by the AP-1/c-Jun~Fra-2 dimer through c-Myc. Proc Natl
Acad Sci USA, 2024, 121: 2404188121

Gao X Q, Ge Y S, Shu Q H, et al. Expression of Fra-1 in human hepatocellular carcinoma and its prognostic significance. Tumour Biol, 2017,
39: 101042831770963

Guo S, Li J, Huang Z, et al. The CBS-H2S axis promotes liver metastasis of colon cancer by upregulating VEGF through AP-1 activation. Br J
Cancer, 2022, 126: 1055-1066

Fan W, Cao D Y, Yang B, et al. Hepatic prohibitin 1 and methionine adenosyltransferase a1 defend against primary and secondary liver cancer
metastasis. J Hepatol, 2024, 80: 443453

Xu B, Mulvey B, Salie M, et al. UTX/KDM6A suppresses AP-1 and a gliogenesis program during neural differentiation of human pluripotent
stem cells. Epigenet Chromatin, 2020, 13: 38

Velazquez F N, Prucca C G, Etienne O, et al. Brain development is impaired in c—fos_/_ mice. Oncotarget, 2015, 6: 16883—-16901
Kurushima H, Ohno M, Miura T, et al. Selective induction of AFosB in the brain after transient forebrain ischemia accompanied by an increased
expression of galectin-1, and the implication of AFosB and galectin-1 in neuroprotection and neurogenesis. Cell Death Differ, 2005, 12: 1078—
1096

Reimold A M, Grusby M J, Kosaras B, et al. Chondrodysplasia and neurological abnormalities in ATF-2-deficient mice. Nature, 1996, 379:
262-265

Ackermann J, Ashton G, Lyons S, et al. Loss of ATF2 function leads to cranial motoneuron degeneration during embryonic mouse development.
PLoS One, 2011, 6: €¢19090

Vonhoff F, Kuehn C, Blumenstock S, et al. Temporal coherency between receptor expression, neural activity and AP-1-dependent transcription
regulates Drosophila motoneuron dendrite development. Development, 2013, 140: 606—616

Yoon J, Kim J H, Lee O J, et al. AP-1"""F**B mediates xFoxD5b expression in Xenopus early developmental neurogenesis. Int ] Dev Biol, 2013,
57: 865-872

Han R, Wang R, Zhao Q, et al. Trim69 regulates zebrafish brain development by ap-1 pathway. Sci Rep, 2016, 6: 24034

Cavone L, McCann T, Drake L K, et al. A unique macrophage subpopulation signals directly to progenitor cells to promote regenerative
neurogenesis in the zebrafish spinal cord. Dev Cell, 2021, 56: 1617-1630.e6

Liebermann D A, Hoffman-Liebermann B. Proto-oncogene expression and dissection of the myeloid growth to differentiation developmental
cascade. Oncogene, 1989, 4: 583-592

Lord K A, Abdollahi A, Hoffman-Liebermann B, et al. Proto-oncogenes of the fos/jun family of transcription factors are positive regulators of
myeloid differentiation. Mol Cell Biol, 1993, 13: 841-851

Kireva T, Erhardt A, Tiegs G, et al. Transcription factor Fra-1 induces cholangitis and liver fibrosis. Hepatology, 2011, 53: 1287-1297


https://doi.org/10.1186/s13046-024-02988-y
https://doi.org/10.1038/s42003-023-05721-1
https://doi.org/10.1158/0008-5472.CAN-21-1467
https://doi.org/10.1038/s41568-021-00383-9
https://doi.org/10.1016/S0092-8674(03)00042-4
https://doi.org/10.1038/ncb2590
https://doi.org/10.1002/hep.23697
https://doi.org/10.1038/cdd.2015.121
https://doi.org/10.1038/cdd.2015.121
https://doi.org/10.1084/jem.20160935
https://doi.org/10.1073/pnas.2404188121
https://doi.org/10.1073/pnas.2404188121
https://doi.org/10.1177/1010428317709635
https://doi.org/10.1038/s41416-021-01681-7
https://doi.org/10.1038/s41416-021-01681-7
https://doi.org/10.1016/j.jhep.2023.11.022
https://doi.org/10.1186/s13072-020-00359-3
https://doi.org/10.18632/oncotarget.4527
https://doi.org/10.1038/sj.cdd.4401648
https://doi.org/10.1038/379262a0
https://doi.org/10.1371/journal.pone.0019090
https://doi.org/10.1242/dev.089235
https://doi.org/10.1387/ijdb.130163jk
https://doi.org/10.1038/srep24034
https://doi.org/10.1016/j.devcel.2021.04.031
https://doi.org/10.1128/mcb.13.2.841-851.1993
https://doi.org/10.1002/hep.24175

hERE: AaRlE 202544 S5 FHs5 M

90

91

92

93
94

95
96

97

98

99

100

Schnoegl D, Hochgerner M, Gotthardt D, et al. Fra-2 is a dominant negative regulator of natural killer cell development. Front Immunol, 2022,
13: 909270

Azzoni L, Kanakaraj P, Zatsepina O, et al. IL-12-induced activation of NK and T cells occurs in the absence of immediate-early activation gene
expression. J Immunol, 1996, 157: 3235-3241

Papavassiliou A G, Musti A M. The multifaceted output of c-Jun biological activity: focus at the junction of CD8 T cell activation and
exhaustion. Cells, 2020, 9: 2470

Mori S. Effect of c-fos overexpression on development and proliferation of peritoneal B cells. Int Immunol, 2004, 16: 1477-1486

Groétsch B, Brachs S, Lang C, et al. The AP-1 transcription factor Fral inhibits follicular B cell differentiation into plasma cells. J Exp Med,
2014, 211: 2199-2212

Hayflick L, Moorhead P S. The serial cultivation of human diploid cell strains. Exp Cell Res, 1961, 25: 585-621

Guan Y, Zhang C, Lyu G, et al. Senescence-activated enhancer landscape orchestrates the senescence-associated secretory phenotype in murine
fibroblasts. Nucleic Acids Res, 2020, 48: 10909-10923

Corces M R, Granja J M, Shams S, et al. The chromatin accessibility landscape of primary human cancers. Science, 2018, 362: eaav1898
Zhang C, Zhang X, Huang L, et al. ATF3 drives senescence by reconstructing accessible chromatin profiles. Aging Cell, 2021, 20: el13315
Patrick R, Naval-Sanchez M, Deshpande N, et al. The activity of early-life gene regulatory elements is hijacked in aging through pervasive AP-
1-linked chromatin opening. Cell Metab, 2024, 36: 1858—1881.e23

Kim S J, Pham T H, Bak Y, et al. Orientin inhibits invasion by suppressing MMP-9 and IL-8 expression via the PKCo/ ERK/AP-1/STAT3-
mediated signaling pathways in TPA-treated MCF-7 breast cancer cells. Phytomedicine, 2018, 50: 35-42

Signaling pathways, tumors, senescence and developmental
processes associated with AP-1 family

LI Rong', YU Run' & DU Peng'**

! School of Life Sciences, Peking University, Beijing 100871, China
% Academy for Advanced Interdisciplinary Studies, Peking University, 100871, China
* Corresponding author, E-mail: pengdu@pku.edu.cn

Since JUN gene was discovered in 1986, the study of AP-1 family transcription factors has revealed its central role in cell signal
transduction, tumorigenesis, developmental regulation and aging. AP-1 dynamically regulates gene expression networks by
integrating MAPK (ERK, JNK, p38), NF-kB and NFAT signaling pathways. In tumors, AP-1 has a dual function: its family members
promote cell proliferation, invasion, and metastasis, while some members (e.g., JunB, Fra-2) exhibit anticancer activity in some
tumors, and their effects are highly dependent on the tumor microenvironment. At the developmental level, AP-1 influences nervous
system construction and immune response by regulating glial cell differentiation and immune cell maturation (such as NK cells and T/
B cells). The latest study found that AP-1, as a pioneer transcription factor, drives cellular aging processes by reshaping chromatin
accessibility (such as chromatin opening mediated by ATF3), providing a new target for aging intervention. This paper systematically
summarizes the multifunctional properties of AP-1 and emphasizes its potential value in disease mechanism analysis and precision

therapy.
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