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The Role of Hippo Pathway in Ferroptosis

KANG Chenlu, REN Xiaoyu, WU Congying*
(Institute of Systems Biomedicine, School of Basic Medical Sciences, Health Science Center, Peking University, Beijing 100191, China)

Abstract

Hippo pathway, which plays a critical role in cell growth, survival, proliferation, migration, or-

gan size control and tumorigenesis, is primarily composed of two Serine/Threonine kinases, MST1/2 and LATS1/2,

and the transcriptional coactivator YAP. Ferroptosis, triggered by the impairment of oxidant-antioxidant system, is

an iron-dependent mode of regulated cell death characterized by the accumulation of ROS (reactive oxygen spe-

cies) and plasma membrane PUFAs (polyunsaturated fatty acids) peroxidation. This paper makes a comprehensive

overview of the correlation between Hippo pathway and cell death, especially ferroptosis, providing ideas for cell

fate regulation and tumor treatment.
Keywords Hippo pathway; YAP; ferroptosis
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). MOB1(MOB kinase activator 1, S Mats][]
TEA) LA B Bt 5 JL 0 R 1 YAPZH (1)

MST1/24% b 3 TAOK (thousand-and-one
amino acid kinase) U a R B S E0EY 5, TiE
it H.C-5iiSARAH(Sav/RASSF/Hpo) 45 #4158, 5 SAV 1 45
&, [ESAVIEIR L™, BEERILINISAVI AT 5LATS1/24H
HAEH, PhBILATS128 AT . 5 B[R], LATS1/2
(IR 5 8 A MOB1#Z MST1/28 BR 1L (T12. T35)M,
1% B2 1k (ISAV1 5 MOB1 3 BIMST1/2, fLATS1/2%
it 3% 14 R0V AR 8 7K 3 7 (hy drophobic motif, HM) &
A B R AK(T1041. T1079)*'%, HM#E B FE 1k )5, 1F
MOBI I, LATS1/28 2R 4= H B IR K.(S87+
S909), M4 5 4 HuE (1)

TAOKA] ffiMST1(T183). MST2(T180)fFR 1k,
A IR AL LATS 12 1), B T TAOKAI MST1.2,
MAP4K (mitogen-activated protein kinase kinase kinase
kinase) X J& H IMAP4K4/6/7(:£ #imisshapen, Msn
(1) [ Y8 915 MAPK4K1/2/3( % #happyhour, Hppy
f) TR YR ) 7 AT EL 32 A LATS 120 (B 1), MAP4K
XTLATS1/21) B £ W0 /E A 572 TMST1/2, H 34
MAP4K 5 MSTI1/2% K9 R B I, YAPHA B2 A6 AT5 2 1
17, I AT B AE AEMAPAK.. MST1/2LL4h 1) 5 il 4n
TAOKEITLATS 1721 YAPHERR AL,

W W R AL 0% i LATS 1/2 7] R 5 YAP ) 54
HXRXXSZ 7 WP H R A iRk (S61. S109.
S127. S164. S381)!"., HHh | YAPZE 12747 2 & R
(SI2N) W BEER AL I, M5 ) 14-3-3 28 (4 K LA 3R,
i e A7 AN R (& ). T 5538 147 22 FR(S381)
(IR A 1T 15 S LR B CK 1 BE IR L YAPZE 3841
(12228 K (S384), MIMIHHZESCFM R E3-72 2 IEHE1,
fEYAPIE ISz - EE A R R B AR () o
1.2 HippoiREHIMRL 5 F——YAP

4 Hippoif 12 A 4 00 I, YAPSE £7 T 41 Jifd #%,
55 53 A T TEAD(TEA domain) 1~44H F./EH, 3
CTGF{(connective tissue growth factor). Cyr6i(cysteine
rich angiogenic inducer 61). Myc(myelocytomatosis on-
cogene). survivin®EEE R FRIL, 4K 515
FEMIEN); M Hippoi& (R ISR, YAPHELATS1/213
Bk, BUR 5 14-3-38 456 1loE A T 40 i ), Bl
FE 4 SCFP R E3-i7 R FHM Al 0 I B PR, It
I}, VGLLA4(vestigial-like protein 4)if g H:TDU%E #)1;
L5 P TEADZS & #0141

TEADAE NHippoi& 12 F if I 4% sk A 7, H
A AT NI ASZMST1/2. LATS1/2LL 2 MAP4K %%
Hippoi& 12 4156 73 F % HAj 21, p38 MAPK
5B ST TEAD HY A AZAT e 1) 5 B 5 1E
TERFEEI BB BRI R, p38 STEADE#4E &, 1#
TEADH AZU, it 4k, p38 MAPKAE 5 i % 7] 2 #EF-
actin®E &, #Ifi| Hippoi& 12, 1R YAP AL,

Bk TEAD1~4%F, YAP N % J5 i& 7] 5 Runx1/2 .
BRD4. Smad%5 4% s A 1 #H BL/E 102,

1.3 HippoiRERIAIEA R

Hippoi& 12 3 B ZHUMAE 5 4 A 1 5 41
B UK G FRICZ A 242220 )

F-actin/&Hippoi £ M H Z A KR R —. H
AT 2 P& [/WL3) & A # 2 B T (cofilin).
Bk I B (gelsolin) . B-4# HILAN A& /N 25 H (cap-
ping protein Z, CapZ)%5F-actin#/]l fil] 771 i JR F-actin2>
5 BUYAPAH O PR %0 14 16 R BE, 1 5 3 F-actin
() 5 ) 2 B 5 YAP IRV 112524, H F-actin ¥ YAPYH
P (1) U 4% 2 AL ATS 1/24 86 i JEMS T 1/244 i i 77 =X
HEAT IR,

Zx 55 41 M P 55 4 S B T A 1) B 1 7 T R %
Hippoi& 1% . A T4 e T [ 57 2 FIKIBRA 2K [ (kidney
and brain protein)— 77 [f] 7] i i Merlin(75 4 #% {fneu-
rofibromin 2, NF2)¥FLATS1/247 %5 B 40 o Ji55, 75— 77
1] X AT 3@ SAV DEMST1/248 35 41 i, M5
MST1/2%F LATS 1/2 1) B IR AL, $1ii YAP I & 1 (B
1), HAE MR A, MST1/23F R g ie 1k 2,

5 948 A0 1 T BSUAH O 1) 1L 3 2 1 (angiomotin,
AMOT)H] Jd i N ¥ 5 F-actingh &7, 24F-actinfl
BEIRRS, AMOTHYLATS 121k, SF-actiny 2512%, B
JEAMOTIE RIHF 228 4, 437 5MST1/2. LATS1/2.
YAP4E %, /-5 MST1/2%F LATS1/2 (R 1L LA K
LATS1/2%FYAPH) % iR A6 1). itk 7, AMOTH] 5
Merlin%h £, % #&Merlin 5 LATS1/245 &5 ) 45 #4351
LATS1/245 2 254 FE 438 Ak, AT H0 I YAP ) 7% 12
(E1).

Y R 55 % A DGR ) AMOT S5 PTPN 14(protein
tyrosine phosphatase non-receptor type 14) A i8I PPXY
B P 5YAPHIW WSS 3 Es &, A1 H e A7 T 40 B %
TEFERRCO G M AL T LR, A R R P AL R
[ o-3% 34 85 H (a-catenin) 7] Ji# i 14-3-3%5 [ 5 W R 1k
IYAPLZ &, 233k H 40 Ao e 7P 1)
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G F M B2 4K (G-protein-coupled receptor, YERIANTF: GasAl JiELATS1/2, fEYAPHEIR AL, {ie i3k
GPCR)M 5 Z Mz, EKE T 454, i LATS1/2 HYH B 5E A7 God/o Gog/11. Gal2/13 ) £ 4171 #i]
P YAPH i (). B AR 288 [ GER ol A LATS1/21135 14, 3401 YAP &% 63 PEE2

Cell polarity GPCR

Cell junctions —~ Mechanical cues

TJ

Al

Hippo off Hippo on (\@/ Ub
/@iy e Y &>
1 i yr Vo -
. (TEAD) > Mye.. | | @F:@ i
~ Nucleu Nucleus
Cell

Hippoi& 12 H1£2/5 5 BR B BEMST1/2FILATS 1/2. 357 T-SAV IAIMOBI LA J 2087 73 1 YAPAL . Hippoid 42 A 0 i N, YAPAE i g3t
7, IHEANAIA% S TEAD G4 P45 &, I SHEEIN (1 5t . Hippoid 72 4 Bom i, WAL MIMST1/2 0] B RRLLATS1/2. LATS1/24% Bk
BOm ik PR YAP . BRIRAL T YAP AT S AN 5 P 1 14-3-3 8 (1l SR O I SCRP TR B3 12 B /1 S )32 3 — 5 1 BB & 12 4% . Hippo
BAZENGT UGS A . AE S S A4 A S T, WIKIBRA. AMOT. PTPN4LL K a-TEFR 25 (12 4 L (1 Hippoids 42 (1 _bJi# 115 4>
T GER FBIESZ A0 Hippoids A2 (1 F ER T J ol b 5 HURZR 2R T a1 200 M B A2 R LAT S 1/2 F935% 44 AT S 214 % Hippoi& A= A AE HI
MST1/2: W AN HSte20FF Bl 1/2; SAVL: & WW4 Kk [fisalvador & [11; LATS1/2: KMEIHIA T 1/2; MOB1: MOB¥ABS BT N1 1; YAP: Yes
AHIEE [7; TAOK: TAOWHY; MAPAK: 22 24 5% b 25 1 B A IR B80S TEAD: TEAJR L SR R F 5%, VGLLA4: vestigial B 2 [14; KIBRA: B JIE
% 821 ; Merlin: NF2, #2847 4198 5 (12; AMOT: L&) & 1; PTPN14: & (RS R IRDEIR AR 14 1484, AJ: BPRIERE; T B3 EH: GPCR: G
FUBTESZ A X LI R ] .
Hippo pathway is primarily composed of MST1/2 and LATS1/2, two Serine/Threonine kinases regulated by SAV1 and MOBI, and the effector YAP.
YAP is a transcription coactivator which would enter the nucleus to compete with VGLL4 for TEAD binding and induce transcription of target genes
when the Hippo pathway is off. When the Hippo pathway is on, MST1/2 is activated and then phosphorylates LATS1/2. YAP is phosphorylated by the
phosphorylated LATS1/2 and thus arrested by 14-3-3 protein in cytoplasm or degraded through ubiquitin-proteasome pathways mediated by SCF*™*
E3-ligase. Hippo pathway can be regulated by several upstream signaling pathways. Components involved in cell junctions and cell polarity, such as
KIBRA, AMOT, PTPN4 and a-catenin, have been identified as upstream modulators of Hippo pathway. GPCR can either activate or inhibit Hippo path-
way depending on different kinds of o subunits. And mechanical cues probably influence LATS1/2 activity through actin cytoskeleton.
MST1/2: mammalian Ste20-like kinases 1/2; SAV1: salvador family WW domain containing protein 1; LATS1/2: large tumor suppressor 1/2; MOBI:
MOB kinase activator 1; YAP: Yes-associated protein; TAOK: TAO kinases; MAP4K: mitogen-activated protein kinase kinase kinase kinase; TEAD:
TEA domain transcription factor family; VGLL4: vestigial-like protein 4; KIBRA: kidney and brain protein; Merlin: NF2, neurofibromin 2; AMOT: an-
giomotin; PTPN14: protein tyrosine phosphatase non-receptor type 14; AJ: adherent junctions; TJ: tight junctions; GPCR: G-protein-coupled receptor; X:
this process is inhibited.
1 HippoiR @ H0LaR 5B E T (RIESE k12211520
Fig.1 Components and modulators of Hippo pathway (modified with reference [22] )
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Gk -

2 HippoiR R 58T

Y i BE T 43 9 mT i 45 1R 48 B BT T (regulated
cell death, RCD)-5 ff & 14 4H Y AL T~ (accidental cell
death)™ . AT $% ()40 M AE T 2 45 40 i 5 £ 2 A
AT MR T 40 B AE T A DG AE 5 08 B 1) 40 i AT
o, EEAFEANHE T (apoptosis)s FRFEPEE T
(necroptosis)-5 4 i £ T~ (pyroptosis); T 18 & 14 41 ffd
BT A T84 B B A 27 R 2560 2 s 14 497 B A 1)
— M T E S IE R I AE T AP, AT
A MIBE T AR AR I R 8 UL R WIS RR S 11
HeFrh R EEEEEH. TSR, BMESILT IR
IR BORE Fe R AE ML RN T, BRAE T AN a2
AT AR R A AT — A 0230,

BRBET 2 — Fh LA 0 i o 0 P S AR R A
TS5 N 22 AN VLN TR 7 TR PR R 3 SR R A0 ) P o 42 ) 4
JIFE T2, B A A BT A L St 5] P79,

YE N —Fh A vl A A A T 2, Bt
T2 REE AR AT MLET 2 7E20034F . STOCK-
WELLSE 4 %5 75 i i AP RASFK % /NG TPRF(HRAS
NRAS. KRAS)Z AL 4 il B A 45 57 1 B RN ) /)N
7T, &I T Erastin(eradicator of Ras and ST)5
RSL3(Ras selective lethal 3)1X /M & K], Hgmid
Erastin 2 [ FIRSLEE [ 6T HRAS % 7% (14 21 il 2 45 ¥
SR EAE AN, B IX A ESE R A T BCL-2.
BAX. BAKZAMMF TR EA, B5 S A4
IR P PR IE T T A [F)B 5 SR 7RI
i, Erastin. RSL3 T 5] & (41 B 58 17 5 A 1) A
Jo 3 P AP 3R AR 8 I OGP, S 4 it A6 T 7 A
EZVSL Y A
2.1 BSRETLEHNF
2.1.1 FHRS A GARPGEEIE R ER
T B FRRRAEIEE A . RN TSR 2
FHSEN(027) LEMYI(H,0,. ROOH) AL
H 2 (HO-. RO*)M-Y, 21 iy Py 3 14 58 32 22 th £ A
A fe AU 1 FL AR B EPILL ANADPHA L
BE(NADPH oxidases, NOXs);/™= A4t A] 71 35 N H4
AAGERAE A SRR T R IR . I A B AR 45 1L
JIE I 2 A e ST T e A P 2 A 25 s I v = AR 9T, ot
A, BRSNS R TE G A vl 5 T A A T S,
H MR R e E R S AT A R B D RE
o A A

12 BRI FE T, O AR B 1) S AL B S N O ™,

B 5, O AR — AL 4 Fe™, e A
YIEALEEIVE T, R AR RN, AR BIH,0, 5 0,6
H0, [ #52Fe* 1) — LT, TEAHO 5 HO ™ #9114
2).

JIgt Joft vt P 4R ] dE e AR I AR B IR B B Ok AL
SOREFE AR BTN AT R S A AR R (E]2)

B H A R BB HE S 3. LAHO-
], HO=R] 257 EU4H o f5 1 22 AN v A1 A B R (R) T H,
A2 R, Re 5% it — 2 B AE ROO., ROO- 1] 3
— D 3R BN RS b 5 — 4035 2 AN T A s s R (O H,
4= lRROOH 5 #T IR+, ROOH 1] 52 Fe?' ) — AN HL 1,
JE RO 5HO ™. ROL Hi A= s IR 1] J& Bl 8T — %€
R L, T RCBPEAE IR, 18 pgn i b Ag 5 1) oK
PN SEE =R A

JE ST PR AT T R PR A T . 7 I S ) £
PO, S S 0 22 AN i 1 R T T 4% 5 00 N
4 ROOH, ROOH# %2 Fe* ] — N HL T, RO« 5
HO™, RO« Ji5 J Bl 4H A i 22 AN A0 i iy e 1) e
b R4,

e B R, B TR N AR AR R E T

RIHERS, IEEREN T, 72 5540685 R ST
RS TIRFERASE, dERFE0.2~0.5 umol/L™, H 43k
BTN E .. SEAEEART, A2 5%
MBI SR, DA A Id 22 IR ™ A o ABE (4
AREBUE T, iR B R A vl Ak 1 s
(IR W R T, AT I R 1 A 1 A 440,
212 adetk 2 AEFRETE, HURR AR
Z HEPEA AT R ORI P A RIGRR . PR
AT EHBANEAE. dEAEEE. Sk
ARG PR MR I A B S R o) TR DL
MAEEZRC/E. KiE MR, REME N TR
AT R 1250,

i AE AL W) B Ak B (superoxide dismutase, SOD) A
MO, R AR BAL R B, fi— 43 F0,0 ™ B AR O,,
03 T0, 30 JR H,0,0 R FL 3040 40 i A5 35
SODI[A T.f#, 43 5 NCw/Zn-SODGH M H 0 & Cu/Zn 5
FHYAIMn-SODGE 14 0 FMn?).  H H1Cu/Zn-SOD
F B ATIEA MM T, Mn-SOD == 2534 1F 4%
Fr AR e, o 4 AL A B (catalase) T B AFE Tl 4L
Yl BT LR R, TG HLO,, 2 57 i
NOLFIH,0, A&IEFR R N I b 3 ) 2 —B,

2 WEH IR E AL P (glutathione peroxidase,
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Erastin ~— Cys2
PRRPORND ‘ P A PRoS
oesrecessrored 5
W System X - 7 O
6?‘ —— inhibitors = inducers ystem &, \ZZ%
: Cys2 3
Gl <
crx H . B4
: o, - T £
¢ S oz GSS £3
ge Fe _HO \ BSO g 2
€3 e 3
: 0, GSH GSSG &3
g Fe'* N7 : §
HO:  HO ‘ €
RSL3 —| GPX4 g
R L
& (e
R 6 PUFAs o .
- /Y )/ 2 J- Peroxidation ¢, §O
% = ro: ROH % §
§ - ROO: £3
&3 ROOH ¢
§ 2 %R o=
g Fez+ T 0
b LOXs R BHT
¢ | CoQ10 BHA 3
CPX R Trolox X @S
322%\ DFO T Ferrostatin-1 3 .
i .. FSP1 : S600¢

BRBET S —Fl LA R 22 AU R i 7 2 (polyunsaturated fatty acids, PUFAs)IT S AL NRFAE 1 ] RIS AN MFE T 3. i S Ak 2 N AN 7 R 3 LA
15 1t 4 (reactive oxygen species, ROS)5 i % A Hi#(Lipoxygenases, LOXs) /1 5 IRIFe? f M i =0 s b i =26 o TR S840 2 ANHURI AR T R A= i 11 7]
I, GPX45 FSPIFiEMRIE £ M S L AERIRITER, 4R AR EIRaEs . Sanf S HUE MR R RN, BB 2 A AT IR K
s AL, BRSO, TS B AR T
R: PUFAs; PUFAs: Z AFIIEIIRR; GPX: 48 M H ki Sk #l; FSP1: BAE T3 8 5 15 CoQ10: 4lil§Q10; Cys2: MEEURR; Cys: M AM; Glu:
BRI Gly: W& GCL: A& IR— V- MR BRE RN, GSS: AW H k& At GSH: 1B A H Ik GSSG: AU HIk; Erastin: $k5E1T215
5:7); RSL3: RAET-5 - F51; BSO: T HZER-(S,R)- WA fi%; BHT: | ¥2FH 2K, BHA: FU T ZE T & ¥, DFO: Z8ki%; CPX: PRI
The hallmark of ferroptosis is plasma membrane PUFAs (polyunsaturated fatty acids) peroxidation as a result of Fe*"-mediated chain reaction initiated
by ROS (reactive oxygen species) or LOXs (lipoxygenases). Oxidized PUFAs can be eliminated by two major regulators, GPX4 and FSP1, to maintain
cell homeostasis. Failure of oxidized PUFAs elimination leads to destruction of plasm membrane and thus cell death known as ferroptosis.
R: PUFAs; PUFAs: polyunsaturated fatty acids; GPX: glutathione peroxidase; FSP1: ferroptosis suppressor protein 1; CoQ10: coenzyme Q10; Cys2:
cystine; Cys: cysteine; Glu: glutamate; Gly: glycine; GCL: glutamate-cysteine ligase; GSS: glutathione synthetase; GSH: reduced glutathione; GSSG:
oxidized glutathione; Erastin: inducer of ferroptosis; RSL3: inducer of ferroptosis; BSO: buthionine-(S,R)-sulfoximine; BHT: butylated hydroxytoluene;
BHA: butylated hydroxyanisole; DFO: deferoxamine; CPX: ciclopirox

E2 SRETHRENH SIFEARAERESE ST 4511220

Fig.2 Mechanism and regulation of ferroptosis (modified with reference [45])

GPX)#& — 41 [F] T. B (GPX1~8) ) S FR e GPXIE 1 rh
O B A P 2R B i, mldE e 3 S A 1) 4 e H AR
(glutathione, GSH), *¥#H,0,/ROOHIL J& /% H,O/ROH,
A 7= A2 SR A B 5 IR (GSS G2

IR L 3 4 40 B & 5 GPX1~GPX4 4% [A] 1. fiff:
GPX1EZ WL T il B 42340 DL J 20 i M 1)
JFR . AH PR A% AN 2Rk, GPX2 1 BAEET B i
0 ) L 5 AT 4 B A% T GPX3 R R N I 3¢ GPX3,
SYUVEA, AT E. M. OE. DLRSEAFH N
I MK, GPX4A) I AFAE T AR 20 23 40 B 1 g
iR ZREAZ DA S Zeki i, W SRS G, BRIREAR

wERGPXE,

GPX4/ZERAET I 45 4 714, AT iE i Ak
H K A 5 10 15 i A ) (ROOH )% A8y TG B3 1
(125 g B (ROH), 8 AW B 3 M 5 56 BEPEAS 32 1k
R, TEiR & | GPX AR IR I 2 4| LB v, IR
B HI 25 e H K B & i, #8075 5 40 kAR T 1Y)
KA,
213 BB dbi T EPUEAAR R IR
AP AR UHERE, i TR R 2 AN AR
P 0 PR S T ST 2 UM, 5 4 BROOH, 1E
Fe* f77E 15 0 F, ROOH 5 i3t — 5 4 4 Ak WROs,
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RO« A] MBI (1) 22 ANHLURT g 1978 B 25 BUH, I J5 37—
FE RN BT SR, 366 2 AN R IR I TR ) K 4R
1, AEAE IR e BEVERRIOR, B4 S B4 AET-00,
22 HETHIFEAR

BRAET-AS ot b2 i o vk v S AR B TS Bk &R
S, A AR IR b 1 22 AN VRLRT T 17 R AR K BV FE T
R AE T PR, R S P ™ AR R B
gt I % 11 S R el A R S i PR SR I W A — e AR L
XPERAET I R HEAT 42
22,1 #ATHiFFRE  GPX4RBILTH L
P27 70, S RNAH H) GPXA4FK & 7T 75 3 8k 4L
T2, 13 R IEGPXAN AT HEFIRSL3 5 3 R BRAE T2
RSL3W] 5 GPX4iE PEAL il E AR B S R 3L 45
&, HEANHIGPX4RI MG I, AIMF SR, A
1N 7 T A B PIML1 624 J9GPXAR 40 1) 771 75 7] 175
SR TP(E2).

H T GPX AT i Jo 3 1k 48U D 77 Bk 5 2V FE L IR

RIS IOEH R, TR 52 0 2 I H ik 5 B B 3 T 5
BRIET.. BMHIRE — 0 TAER. — 70 T EAE
M — o T HERAES DR R RIS, &
Ot K s i B0 6 AL T T BREY. Erastin &2 H 2R 8L
VIRT A0 HIX R G, PEAS M 2R O 55, A8 40 i Py 2
e I A YR A BEL BRI, 41 1) 4 k5 BB TR
F2-(S,R)- VAR L. & (BSO) AT 411 i) 73 2 M —1- It el R i
Felly, AR MH IR, SBURPUS AR, BK
BRALT-PI(E]2).
222 sAeTHWHRE  HEENYITHTA
TR T GPX4, T ILH AL T E
1(ferroptosis suppressor protein 1, FSP1)/ S5 T
A BT o A P 0 Bk SE T f R I SR 1Bk
SETZTT Re 32 2 F BN A0 12 (12). FSP1E M
5 AIFM 1 (apoptosis-inducing factor mitochondrial 1)
[A] Y&, 171 #% a7 44 N AIFM2(apoptosis-inducing factor
mitochondrial 2), {H Hk = 2k Ak e A7, A (e
LU T2 DI REPT. FSPTAINCR S &5 A7 — S B Ak 2=
J, B SR B S, FSPLE i HNZR ¥ & A T
Ji o 5 IR AL AU SPR] & 4% . S8 A i T I 1 1
& JRCoQuo, I8 JFE R CoQ ok 1M i/ i it o S84k, AR
R R AE T AR,

TR AE T2 v I o 1 AR B 7 A S LR Y,
[A| e ferrostatin-1. trolox. | ¥ H AR, BT A
T A MRS BT EL I R HT, WIS BR AR B PR 4R, AT

R IE TR . A, TR A R R
MBS TS Y, Bk L8k, PRI ke 7 2
£ 70000 L T ek A SO AR P AR, DA T A A
HIIERAE T A I (E12).
2.3 Hippoia RS T

I HARE AR BA, 4 i %5 {5 S vT BLE i Hippo
AR, PR IR R T YAP/ TAZ BT, AT
G 0 R BB T B

WUZEIAIF 7535 B, 41 M 2% 2 (5 5 AT 3@ i B4
%l & -NF2(Merlin)-YAP-TEAD-ACSL4/TFRC(ACSL4:
acyl-CoA synthetase long chain family member 4, Z.J
HHIFA S K BE; TFRC: transferrin receptor 1, #5%8k
52 I I S 4T R AR T 1 BBUB M. TFRC
5 ACSLAZ R A0 17 1) H 221 15 [H 7195, TFRCH]
P ) e 2 B 1 R R T AN R A B 12 1 48 i e
ACSL4S T Z N AN M w6 i 15 R 14 4 IY 475 R (arachi-
donic acid, AA)5 T B VU J% 1 (adrenic acid, AdA)LA
F A DU BE A B A(AA-CoA) 5 1 ¢ DU 45 TR
i A(AJA-CoA) & . AA-CoAFTAJA-CoA 54
L% R 431~ (B2 HE R VLB 5 1 RR I 2 B i) 4 6, Ak
HET I B I,

%fFHepG2. PC9. H1650. HCTI116Z54M /i %,
Fifi 25 40 B 2 5 ) 386 n, 40 B X Erastin. RSL3. 4
PR ik = T 5 5 0 ERAE T I SRR T % 20 i o R
ST, 20 M5 20 M R] ) 3G B DL ROE AL WE
PEZLF N L BAG R R B I NF2K 41 i % A B A%
1 | Hippoi& 4214, —J7 [, NF2il i #l | E372 2 i
FEBFCRLA-DCAF1, Jk /D LATS1/2(1 B A, 55 —J5
[, NF24 S MST1/2 0 LATS 1/2 (#) 1 B2 46252, M T
fELATS1/23% V38 3. 3% 46 (ILATS1/2f8 YAP# IR
b, LN E L. I, YAP-TEAD i [
ACSL4. TFRCHIFIEWANH], T ok =81 LA
JEEYIAA-CoA 5 AdA-CoA, 4 i %2k 58 T () S s v
‘l;‘ %[62]0

5 EiR i R AR, BT47440 i AN 8 = A6 8
B AR O 4 35 B R, 6 Bk BB T AU I FARAR,
X T BEAE T RO AR AR B 40 B % R, BT474
41 MUBAS 2 25 19 3Rk & 1R &5, TMDA-MB-2314H
e B A5 2 7 400 P R R v RS T, PR AR T I A
AR =, X2 B TMDA-MB-23 141 UESS £ %
)3k 1 R 7E R 4 Mo 25 FE IR 1 O 1 4 e A2 1)
fIRAKF82,
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BEAh, YANGSEVR I, 725 40 e b, 20
FEAE S ] d o i 5 3L B0 I F TAZ(WW domain-
containing transcription regulator protein 1, WWTRI,
YAP 55 U5 5] 22 W) 19 Bk S T 40 i %85 R AL
I, 3% A0 I TAZ AT g #F b 2 40 i i 25 1 1 (epithe-
lial membrane protein 1, EMP1)[{] & iA&, 4% 11 b i
NADPH% 1L iF4(NADPH oxidase 4, NOX4) 7K F- .
NOXA 41 A A o 0 P 4 K P 1 v, 175 R BRAE T

3 HippoiR RS HthZMARIE T2 H

FRERFE T 2 46, 4B T, 40 B8 £ T2 (pyrop-
tosis). 40l 5k HLUH T (anoikis) [ WA <40 I 46 T
(autophagic cell death)J J& - 7] V4% (1] 40 g AL T2,
S AR T, TR PR AR PR A AR T, f2 4R
RTE B B 5 RN, E TR TS R
AT SR T R TR R 0. 41
FiL A T DL S8RE AN 2 R 400 B 7 A N R AE, H cas-
pasel/11/4/5VL J 24 81 & H Gasdermin DA /1 7072,
S0 2 S50 T 200 - 0 7 R ) A R A B R
BB, E WA AN ARIE T BT S I R R,
V4 BE I A M R — BRI W /INMA (1 A7 7R, BIRT B
SN E WA A AT T,
3.1 YAPS#AAT

P R I WL Al PR T T 200, £ — R
H1) 2 ok R R A& R B 1 i (caspases) BT/ 374, 1H
T/ T BOR T2 1) 22 ZERFAE, 2 RIS 7EA
TR A B 2 2R S5 R T RT3 BT R P St )

YAPXS T 40 Mo 08 T 4R A, H AT ie R € .
COTTINIZFOH i %of £ 2% 11 firb 8 ik DRI ik 1 idE 47
SINT R I, YAPTE b 2 SRR I (4 e . 5
e e B, BUA IR ) Rk B, (HAE
B3 1ML 2R 290 SR (1) Jo R (b L8 1 I R 22
PEE R RIEEE . 28R, MR
YAP () 75 &3 AT 301 40 B 08 T, M 4 1 R 0
AR R U AE A A I AT R I, 7 S b P I R St
SRR B R (R R . 2 R PR RERD) Y, YAPT] LA
P20 BRI T, R IR 4 R () A 68584,
3.1.1 YAPAT#mfe B934  YAPIEZHh LA
SURIE I IR ih i R IE, Wt B et ™0, B,
JE/NgH iR, A A e A, BN N B e 2
il ZSW837H B w4l i RMKN15AGS®, Jifif
11 R AS49 5 H1 5745 40 i AR HEAT RIJE 5256 /tran-

swell S5 /5L o7 ok I A= 22 S 36 R IR, YAPIY) i 21k 1]
S R 4H M T S 1R 22 R )

B X LU YAP = 2 08 g i 1 2 LR TR
L, FIEIYAPRI R B AN I T2 M YAPEER R IX
PN, INK(c-jun N-terminal kinase)# i 2 1k, it
T ¥ 7EMIEF 1 (mitochondrial elongation factor 1)1
Drpl(dynamin-related protein 1)*745 £& % 14 F2 75 #H
KEH, b R, LhiEdErRns
22 H IR & M BFHtrA2(high-temperature requirement
A2)/Omil™ P\ A 7] it ] 28 i 5 92 0, 90 4
B FPUETE A, SR RIEEA R T SR,
LR IR I B 4 T A A 22 B 2 R 4% £ 1 Cofilin
B2 Ak, AT F-actinZE &, SEARCIR Dy /& AN REIE T

(, SN AL B IE A0,

XF /I BRCFL IR E Bz 4 e ZNMuMG [ BifF 7 K% 3,
YAP %3k ]l i ki % A K ] (epidermal
growth factor receptor, EGFR)[1Z 1%, I TGF-B1i75
S B T

BT b R SRR R iR Ab, 7E Sk T i R 5
SR R, o JurKat A X099 Fif R 20 Pl AR R A 8%
FIYAPE LT ™), ¥ YAPE: PR pii b4 J5, JurKat (9 1ML
o3 240 o 3 B ek /D, R T3, WUZESHA N, YAP AT
A 42 18 i {2 & F BB (protein kinase B, PKB)+
BCL2. BCL2#F 8 155 P T2 88 A 1 Rk K H
PUHTAER
3.1.2 YAPAfémfe A e pest LSRR i I &R
SRR PR bk R . 2 R M BER) R, YAPH]
I FDNATA BT 51 & A 127, DNAS A7 I,
INKA#14-3-3 85 (1 0 F 1k, PR 0% 20 R 3 B c-Ab1™>),
c-AbIBE J5 AN %, # ATMISB B B2 1k, B 2 fL. ¥l c-Abl
i — P TYAPEE35TAL ) i 2 R 1 FR AX.(Y 357, AR
TLATS1/2%F YAPHI B RR A AL £ 5 IR AL 1 YAP
I I WW S K35 5 p73(p53 1 [F VR M)A HAE L, 3%
e PEANHIB39Z FE PR Itch Sp73 1 45 &, M 4041
P73 B MY, A R FEAR A T e S IR P IO VE H, 2
R PE T

HHE TN N, Hippoi& 72 I B BEMST 5 LATS tH
AR E TR AR . MST1A I E {2 T
H EBIimP) Rk, {2 1 P4 M ¥ 4 T2, LATSI1
]I SRYAP S p73 AR LA L, A3 YAP-p73 (1% &
B, AL BRI T 4F 9. (HREUVENZECYf i
FAE RS M JE, AN, LATS27] Hc-Abl)
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SH3ZE AR BRI, FRARFELE VR, ATl YAPE
HI357AL I B IR BERR AL, fEYAPRIE I T2 HI AN RE
IEH KA.

3.2 YAPSHHRRET

AR TR — MR R4 T, BLARE /N
R T RS RN AN O V5 fif NAHRFAE, FH caspase1/11/4/5 L S0
K F1Gasdermin DFf A/~ 07, 41 i £ 1252 [H A &
F— 73, TS B UATS B I A SO ™,

28 B 1] 98 AiE /A FHNLRs(nucleotide-binding
domain-like receptors)/ALRs(absent in melanoma 2-like
receptors)/Pyrin.  ASC(apoptosis-associated speck-like
protein containing a caspase activation and recruitment
domain) LA A caspase-1H A1 B s NLRs/ALRs/Pyrin
AL A A R SRV, IPAMPS. DAMPS
5, I FASCHI UL NV I 5 2 A EAE I, ASCBE A
Hicaspase-1 Hi 1, caspase-1 14 [ & B 47) 72 A 35 AL 1
caspase-1°, JE 1L [¥]caspase-11)#] 4= K gasdermin D&
I, 2 HINCAR i, N ) 8 A7 T4 il 3 2R AL,
Ao ff FEE S PG, 5 A AR TS0,

WHLR W], YAPAE I 5 p73MH HAE M, 1%
NLRC4 4 RE /N (1 2238, AT 1 45 20 i £ T2 0% b
3R B RN 3 1 SopB AT B A B Akt, {8 YAP#S
TR 16(S127), BEERAL I YAPE A ANAZ Sp 73 Bl —
Ak, FLAEIE R Nire4 1) R IE W40 1, NLRCA 2 E /s
RTCVEIE B, S AN A £E 207,

3.3 YAPSXRERT

REF TR — AR AR A T, hgn i
5520 g A0 S AR B R R B EOR R B 51T YAPRY
TAF Fh g 40 ok SLE T E A — . EFLIRE
2 Jifs AMDA-MB-23 17 i Kk YAP i, 68 4 i 1) 5%
B TGO 2 AW, HLAF SE I S AR A
SRR BRI AR 2 S 50 R AR LT 1R 2% e ) i 35 4R
Tt, VLB YAPHE R 1 (e 3k o Jed 4 2% BRI T, il g
T F R BOAE ™. R IH A e 40 i R HuCCT1 5 HuH-
2891 K i 40 i 4 il AMHCC-97H. SMMC-
TT21P P B BR YAP S, 240 0 5% 5800 T2 B 5 4 25 19,
I Hippoid 42 AT 1 2% S0 T I R e 4, 1d B YAP
Xf O B TR AR

ALY, YAPLERL B b, 23 7 AH &)
1 Fi: ANDRADEZ§!"'EMDA-MB-23 1} 4 g -
MR YAPSS, SR 40 P PR T RS R 2R e 0T R,
1M X YAP I 2 25 14 38 | MDA-MB-23 18 411 g

()3 5 RE 100, ZHAOSE R I, 72 1EH N FUIR b
B 40 ZMCF 10A Y, Hippoig 42 fR) 40 i 7] Yk 2> 24 it
RGP TILR, (et M 22 554 .
3.4 YAPSBEWMEHE XML T
SRR Y R G A = R NEE i TE 3 V5N
VBRI B v B A A DGR P I AR . 4B B
Wk BT 7= A R B A = 0 T LA AIE B R FH DA™= A 3 4
i 225 6 R/ B A B 28, B T adk — A0 n I R A R
PR, R T SRR A MRS, (R A AT 5 A A
R 56T, ZHOUZE R B, 7 I 240 Mo Ja 20 il 3=
BEL/FUH, YAPAJ {2 #F 1% M 0H B, BUEmTORE &
Y, mTORK & )k 17y #1 #1) | Wk AH OC Al O A6 T 17
PAVELZESIA K, YAPX] H Wi ¥ 5210 7] 68 /2 HHmy-
osin I3[, 2 YAPRIABANHINS, myosin IIRIE T
B, N T AR AT Sz L, AT 45335 B R AR R T 1o

4 BREERE

YAP— HL LR IA 5 4 R i A K. 3G E A
Ko KEBSTIHIRE R, YAPE Bk, 1650 s 4i g
FET R I TR T 2 2808 1. HLH T YAPR;
Ik 5 M a7 IUiE A ok, Rk LLYAPHIHippoi&
1 REE s IR TT F B R — B &S % AR
i 2 R RE R S D B R, YAPAE i3k 4 O
T, RAERPLT Mg il N7 I E A . AEAS 8] s
W, YAPXS T4 MO A6 T AN [V FH A o] g 90 928 119,
JE 113 55 8 20 B 1) AR B 5 AN ) %) R T A 5 A
R, IR LG o] A et — AR

UE Ak, BRAETAH G T B, A [ 1) 48 A % B
RN, YA I YAPE 4% (0 52k 0 T R AU A
[F): 7 =4l 28 %R, YAPTE I &, 4i i xhkse s
MRV 2 R % TEARANR 2 L R, YAPHE T =,
S L0 R AT B BB E B 2 T A (R R A 2R E
FEAS R R 40 i 25 B, 3 i i 45 Hippoi& 42, 5 Sk 4H
I 255 FEE 0 e R A M K FE T, RT A O A S 1 R R
70 . AR — BRI SRAEAE VR 2 10, 5 dn
L fe] 55 (I A0 % B AR TR, ] A S 1 1 5 3
I 98 24H 1L 1 2 B8 T T AN B IR AR, DA AR A
FHFYIT R 2 T B E P RIE Bl R
T X N A T 5 2H 236 AN ml 3t Fr 4 497 2%«
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