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HE ST R — AP R AL 64 m 4R AR R A0S i i B AR B 69 M an it T oy A, HAR R AR
% 09EHE R AR T LAEMTIBE NG S A R R R AR R 2R, Bk, AR TH#HAT
T IR 0498 9T AL R A A B AT R A RA R H — K %) . 2 F—% @ B 2 %i(the ubiquitin-proteasome
system, UPS)Z AAZ A & & 09 258122 —, & #1172 % (ubiquitin, Ub) ATt &6 & & T,
&G BRI AR e iR, A ROBKERIRE AR FRE A REILLA, Bk,
CAT I AEDRAGEALE B T 2B, BAMABE MR RRAT E R0 TG T EX
FTEH Iy, MELE-BABKRAGE A AZAEMN T Ko TSN REERT A4, €T Al
THTH AN T RAAXAZ T BT Z 7 K AEXRBEY KT, B4 T T RIELS T2
A, B, Z X2 E-EA IR A AR IAT AT AL F RS T @RS 7 BIATEE, A
A VARIL T A Fe B R iR T R — R AT,

XA BRAET 2 RO AR,

Role of the Ubiquitin-Proteasome System in Ferroptosis

LIU Huimin, LING Neng, YE Mao*
(College of Biology, Hunan University, Changsha 410082, China)

Abstract Ferroptosis is a new type of regulated cell death caused by iron dependent lipid peroxidation.
Growing evidences indicate that ferroptosis plays an important role in the occurrence and development of various
diseases including tumor. Therefore, how to treat diseases by regulating ferroptosis has become a major direction of
basic and clinical research. The UPS (ubiquitin-proteasome system) is the main degradation pathway of eukaryotic
proteins. Ub (ubiquitin) is conjugated to proteins that should be degraded, and then the proteasome recognizes and
degrades them. Dysfunction of the ubiquitin-proteasome pathway leads to a variety of pathological processes, thus
maintain the stability of its biological functions is of great significance. Regulation of protein stability is a crucial
part of the complex molecular mechanism of ferroptosis, and the ubiquitin-proteasome system, as a key regulatory
system of macromolecular homeostasis in eukaryotes, can directly or indirectly affect ferroptosis by regulating re-
lated molecules or related signaling pathways. To provide a reference for the treatment of diseases targeting ferrop-
tosis, this article review the related molecules or signaling pathways involved in the regulation of ferroptosis by the
ubiquitin proteasome system.
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o £ LR, A 2 M08 40 A8 T E
AR AT (regulated cell death, RCD)M, il
NBHNRCDZ — RANEIA T, ERE—MNED T
IRV A s () 52 R AR A I AH L AR T T A
SR, AR R LA, B TSN, YR 2R R AR
JH T-RCD T AR i 22 A IR, AT B A MhRR I A= 4 2
T AR AN B AR B AR . HoH, Stockwell K H [F7]1 F T
20124F Jx B IR FE T (ferrpptosis) 3t & — i L EL [ JE
8 T-RCDP, iX J& — Pt th g Jog ok 4504k A i J5 14 Jo s
T 24 AR 2 5| S I Bk A A 1 RC D, mT 3 it 40 IR B PN U
AR R A Hodr, AR & A7 2 8 I 4 ) 4 i
JIBE = ) A A A G k2 R/ 4 2 R B 32 AR (system XC)
S 5 k 8 A (transferrin, TF)F1FL 54k 5 A (lacto-
transferrin, LTF)JA 2. PURIEAE 2 HH 40 A 2 e
H K S S AL P 4(glutathione peroxidase 4, GPX4)%
PO 52 2 BT 75 ™ A2 BRAE T AR AR AR
YIRS SUIBAE N )& A AV R B A R &
ZORHEERERST, Hi RSN 7Y E TR
—R# R AN, DA ARSI S
JEER, MR IRAT PR, O LA R I P
FEFRAEIL R A B 4 P A 45 A 3
BNKSRFEREALUT a0 TR B A0 ) R AR Ok Fe
BRI BRI AE T K. B 7 T K
&, S SERIET (1) 25 P s R DL A SS ML TR AE
WeaoR, BRI TR R AL BB IRN . EEARE
S ERBE T 7 AL, 2 R A B Rz
S5, H5ME 5 2 R R AR R % YT
Ko B, THZREAMKRESYILTHRR
AT DL B 2 A R SR T HL I SR AL 5 Bh, B4 b
JELE N IR IR T R LT S o

1 SRIET R EHHIE

BRI T I JLAF J I — BT 0 4 B F2 5 P
FET-T7 3, A2 A T 1) 2 AE A G TR (polyunsat-
urated fatty acid, PUFA)% AL 5| 2 (4 i st 120, 7
AR b, BRIET 2 — P 5 75 1 %A (reactive oxygen
species, ROS)ZEAEA KM T A, FEERM
BRI oI A A . 0 R (P A AR R
AL, M Fe™ (1) & FBLRE 18 /) 5 25 1l (Fenton)
SR A LA A [ A Y o 1 2 2R (- OH) sl b
AIE(RO) H H M, X 88 [ i 5 40 E AT
AR 7 B8 R A i S8 SR, 51 AR B X o3 T R R e

PESZ BIREIR, GHMI AR, HE e sEa i A& AR BRAE TR,
RS b, RAASICT ARk TS 2 kA
PETA, OFE H IR G N R LRGN
gy LT R IR, SANME T AR, KA A
T PR 200 R P A 5 ) 58 B, T A R s 2R 0 £ Jo 10 %
RIS, FF HL A Bl 25 200 B 1 Jd 7 1 SR AR DS

BRBE T R A B A A BE A 22 B g T HLA,
500N BRI BRI RAR S DA S F At AR 77 =X
IR BRBE T IR T HLE 43 4 1E M 45 5 6
e 42 ML, 2R R AR A R B0 T v fi 2 L1 1F 1) 1A
LG 0 b, 4 kR i R AR R {2
R HIRAE . AP @ gE . HEiE
12 1(transferrin receptor protein 1, TFR1)I{E
JE WA E A . LEAHNL A Fe 40 i 2% 2
Fe*J5, —#4 tH DMTI(divalent metal transporter 1)
B ZIP8/14(ZRT/IRT-like proteins 8/14)/ FFe* #f—
fi A7 BIAAEE BRI, 53— HB )t A7 AEF TL (ferritin
light chain) 5 FTH1(ferritin heavy chain)ZH i)k 6t 7%
EAEAYYH. 4P TR R, fiafilk Bk
(R 25 S 8L, TR ik 4 A A R AR T

A i A AE A A 00 B B I R AE T A [ R
Bl HHAISLCTA11-GSH-GPX4i& 24 A M 2 4l
o R A R L PO EN LS4, 4
Mo Esystem XC A 2 SLCTATREW BEZ RN
40 FH L& B GSH, GSHAE 4 il 25 22 (1) g ot i
SEACYIE GPXARFETG LI L RS, Al GPXAE 2
P N i A SR R A FR s s , FE k40 R e E )
PUFA & AE 3 280 A4 s N2 AN T A0 | 248 i i A kAt T 210
[T, B Rk 22 PRI AT 70 3 BH 40 Hfd HR R A7 AR IEGPX4
M ERBE T A m PR LA, W FSP1-CoQHL &R 4t
DHODH-CoQH, % 4t A X GCH1-BH & 4. Hr,
FSP1(ferroptosis suppressor protein 1){£ A NAD(P)H
WA B AL S, BET K H G Q(CoQ)ik i iz Y
(CoQH,), FETIHFRAR P 4 B &, i g B 4
R BE T B2, thah, — T S fiE 158 — K
AR N AL T DAL —— — M 2 58
g A R P B DHODH(dihydroorotate dehydrogenase)
AR I CoQid JiF A CoQH,, 3 1 H Al iR
il S AL, B AR AR AR B BRAE TS BY. #E GCHI -
BH, &4t , GCHI(GTP cyclohydrolase 1) it A= h%,
BH,(tetrahydrobiopterin) {4 H H1 24 3Rt H AL
AR it d GCH1A1 3 1) CoQHL A5 47 W5 1 PUFA 2 )
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B R (FLs) IR 72 A2 SR AR R A T2, ek, BRhFE T
JURPEE SRR (B A TP53. NFE2L2/NRF2. ATF3%)
T 2 3 MR B B 3 AR M T O A T U
(RS R 2 FE AR P,

2 ZE-ERABER

12 F A — PRI ) B 5 R S A2 1 (post-
translational modification, PTM), il —28 B 764
RAIEEIR I NI T 2K 2RI TAEH E1BUS
(ubiquitin-activating enzyme, E1). E245 & (ubiquitin
conjugating enzyme, E2)FIE37Z 2<% #21#f (ubiquitin pro-
tein ligase, E3)HRUMIEERIKAEMAER T, S#EEH R
FMN GG AT FE P, AR Z RE
FEARE R ZBN 2 Rz F# . Bz B2
R Rz 1Ak, R RNZ R FIERE S H bR
HE PP EIR R AE ERE AR 2 Rz R iE
Wil F5K6. K11, K27, K29, K33, K4SFIK63N7 1)
Bifi. M, KASTIK63 MBI (KB T4 2, K48 % 5K
2 RS RER26S 5 1 B A4 R 0 I e, KA A%
& A FURRE HEAE L, K63 AEH 3 25 5 DNAE
5, N RESHS AEEORMEEP. BT E
TRz ZABMEAL, AN ISR E — M T R
FB Rz RFERA — Az REEMIE), X2 H
— M2 B INAR o AR 2 IR AR A 5 — M2 R IIC
A H 2RI H I AHIER R . iz 24k
T 5 25 bR BB IR , 12 3R IEHERE HOIP A
ANJAATIEAE HOILIL . SHARPINAL R 1 26 Mz 24
255 &) (linear ubiquitin chain assembly complex,
LUBAC)/2 H Al K LI i —— AN R &Mz RS
R E3IZ 2% R4 Hg, TTOTULIN(OTU deubiquitinase
with linear linkage specificity)& —FiRFE 5 M 2R 2k
P32 R BN %12 Z LI (deubiquitinating enzymes,
DUBs)PY,

SV AR b M BULIUN R 352
R B A BT ] DL 252 RAGEERS Rz &=
RAEFZFAMPD . H R TR NSRRI 20 mT 4 i
1002 M 292 ZALEE, £ B0 1 b 2 R & 1 g Al
& B E AR R, o M m IR B B R T Ao
USPs(ubiquitin-specific proteases). UCHs(ubiquitin

carboxyl-terminal hydrolases). OTUs(otubain/ovarian
tumor-domain containing proteins). MJDs(machado-

Joseph disease domain superfamily). MINDY s(motif

interacting with Ub-containing novel DUB family).
ZUP1(zinc finger-containing ubiquitin peptidase 1) 7~
REEPN . Rz RACHERR T BE R Y B A Bz
FBMSL, 0S5 RENRE . 2R THE
WA Rz TR0 TR R B4, (R, 40 e 2
2 BB ) S 208 B A S 2 B A T A A
A5 Sl R R AL, T3 BUM R &5 22 g 1Y)
KA. G, 2R ZRBGEN. 2R, Z
RIEM . RZ R, 2655 AR LKW E
I T2 R -EHME RS . AR, 25 -E
E AR A R 4 N B R R R A, |/
R AL N ik 80%~85% £ 1 LB 12 3R 2 F
WAL BEAT B Y 2 R BB R LS,
REUAB IR IR I ThRE . EAL. B A UM HAE H ER
FOENE, S S AAEAMN A AT,
SRR DNA S B 8R BLK G B 2 S5 A5 A 0 22 A
YA A Bl , T 4R AR B A R P, A
PR IRYT J7 1, ¥ B A R A RGN TR R
IRKIGBIR . e FEWR . B IER
A 0] 2% S A AR 07 R 9 R e 2% 5 45 22 g
BT — A B E LY,

3 ZE-EABPFRESHRET
3.1 ZE-BEOMFREERETEERS
BRACUR A G R FAERR SR T 2 h Py e A 2L
A, PN ETIET RIER . BHER
B, 1E 45 e 22 Z A OTUD 1 (ovarian tumor
deubiquitinase 1)7] LLZ5 & Ff A HERAR T 1 3= EE 5
[A]-¥- IREB2(iron-responsive element-binding protein
)Lz A B, (e IREB2E A (fe e i,
PO R WLk B (R Rl TFRC(transferrin recep-
tor) Rk, FEAM A Fe* 4. ROS/KFEF+,
Fo 24 1 i 485 I e 4 B T R O T I R A, IR
DAMPs(damage-associated molecular patterns)) F¢
TR, T 5 AR 4 i O 3 iR A SO P FLEK
M (lactoferrin, LF)YE A8 & 1 #8288 A 5 10—
0, WTRARE g A Ak SR SRE AR,
LTF I8 i 38 102K 15 AP 32 kit AR DY 56 248 L 1) 2K
BET, 1 E3{2 & NEDDAL 1] LU 5 LTFIN &
EIRfie, AT ZEAR S8/ 1k BE T 30 79 RSL3
Erastinifs F [ 4 o 2k o0 13 F2 o 9 2R S
15145 4. FPN(ferroportin) A& 4H i Py B A5 #0115 1



XSS 2R E AR GEYILT R

167

HEHEEA, NN RIMNEH, EEHAIY
PR — R LI B iE B W2, E TR R, A
Jii e 240 e i 20 41 US P35 B 2 v 63k, USP35 7]
DL i $E A FPN, fRFFFPNER [ faE . ThRg L,
TE it 40 it R m K USP3S AT LLE i R AFPNZR 7K
P B AR R BE T, FEA ) 40 A R T B T R
HAEBR BB T B0 77 Erastin 8RR SL3 ) 84 ) 2% 44 T 7t
RUSP35 ] LU ity 24t o 2k A R 28 L R AR R AE T,
1T AV 3 g 200 B ) A R A0 g 2
3.2 ZE-EHEARGESSLCTALL

WK, X2 Z1LEF OTUB1(OTU domain-
containing ubiquitin aldehyde-binding protein 1)1 LA
TEZH RO ZL 43T CD44(cluster of differentiation-44)H]
VEF P H3E4E, BB FRSLCTALL iz 4%, I
S I B R A b B A, B AR e M, AT 0 e
R AERAE T, (H R AE NSRS 3 SLCTATL
B (1) DG B E3E LR ANIE 2 . T SLC7A11%
F|TP53. NFE2L2/NRF2. ATF3. ATF4. BACHI
8 20 A T SR DAL ) A R 2 0 3B A ) 1 48 BT
Uk, BR 752 AR AOR AR B K I B R RS,
SLC7AT1 8 o % 53¢ R 7 [ $2 52 B 8 A B AR & 12
SN | T2 5 BB AR T RS R . WE R R A
JiE R 0 L, KEAP1-NRE21E 5 4 i B0 2> i
SLCTAIL, (R EIR Wb, M52 I AR 5%
T 20 B FE AR AT T L . TR i 41 i
W, pS3F] LAMEREZ 02 RALEE USPTHIAZ #EAL, FEAL I
USP73t—30 N SLC7A4 11 5 FA 4% X #5 B 2H 5 (1 H2B
(12 Zdk, TS BUSLC7A1HE T2 334, FEAf
SCL7AIIZRIE 3G, HEme it gn fegksb -1, 74t
ZZ FZALEEBAPI T £ SLC7411 B 5T FHE N
H2ATRE R 11907 55 1 Sz 24k, Tl SLC7A411
sk, HE— 080 20 M e UL A, S 2R AE T
S, FLE A T pS3W7s), Bk — B (A 7E
KILPRC1(polycomb repressive complex 1)8Ef5F]H
Ring1B. Bmil fl—F E2{Z 2 45 A5l UbcHS i 41 2
I H2AZ Z4k, T SLC7A11JE 3T F H2A X Flz
FSINRISLCTALI 5%, I HBAP15PCR1 A )
[F % SLC7ALLE 5T H2ARNZ RAL K, HET i
B SLCTAIIFRIE ™), [Hth, A HEBR BAP1E PRC11R
AT B P [E R ESLCTA1I 2 50T
33 ZE-EHMAERZES5GPX4

B FRRY, Kz ZACEEH —Fh 5 01 75

PAP T i 2 i3k 3F /> 41 A fi e 40 L - GPX4 85 11
Bk s SERAE T, HE— 2D g A K B0, Bk
MLl 2 PAPT A % #1 ] €0 5 USPZK B A (USP 14,
USP15. USP10. USP7#1USP25), PLK UCHZ 5k
R UCHLSTE N ) 2 M 232 RAGEE N GPX4H) 212 R
TAE 5 80 GP XA Iz AL PR AR o 17 2 1 Ak 410 1
FII B A K R 08 130 4 PAP T 51 GPXAMEMRAE T ,
XU ABHAST PAPTIE T 1) GPX4MME 5] A& 18k
FET A EEAE A Y, ghah, i B TR 43 B 4i
FRERBE TR AN AR AL RAGAB AR AL, R 304
BRAET R T AN R B KRR R, IR AR
B PR AT IR A R AT . BRI T 77
RSL3M B GPXAkE Kz Rk, MIMHZEE L1
LRz R E AW LUBAC, LUBACIE /%
GPX4HILRNEZ F AR, S8 B AR e 1t DL AE 2%
YHRERFE TR A, AT 20 Bk SE T F A4
A 37 FAL N R G5 T A R L T GPX41Z
FHRES , KIN GPXALFTE Z Fh B 1)z R A1,
Hrh K63z by FE LA, MIFI K481z 2 EE 7] LA
5 K631z mHEANE , WHURGZ K. EZH#FL
i OTUD5(ovarian tumor deubiquitinase 5)7] PL 2%
GPX4[11 K637z &8k, i LUBACHAZE /L, Ltz &
KBRS, BER GPXAM &R (R i, i3k — B R2
YR AR BB TR,
34 ZHFE-EHHARESNRF2

NRF2(nuclear factor E2-related factor 2)/2 % il
11 o AR AR S A T P AR R R G ) —
ANEESRIR T R4 IE HAE B AR, NREF2/ESN i
JR &5 A R I 5 9 T KEAP 1 (Kelch-like ECH-
associated protein 1)J5#7z ZAbbrid, 314 iz
FIEE IR R B AR , AE 2 40 M52 2L R . o
HLRIS , KEAPTZ5#) B IR IRk S s & 5
P ROSEE R4S 4, IR RV EE , ey
NRF25 KEAPUR A MR, L, F25E [ NRF24: )
¥ Gy A 5 B R 8 37 DX 3k 0 b A A e R e A
ARE(antioxidant response element)f HAEH , #i&
VF 2 A0 M OR P R R 20K, 31T 5 M 40 22 A= )
SUNRE, T LY, KEAPI-NRF2(5 518
P TE A 738 24 10 A A IR S AR S T T AR 458 3
FEATUESE, [RIA, A Bk B 2 ()RS % B KEAP1-
NRF25ERIET R A VIR . Wit A 0 5%
FAd FHCRISPRIE [ 77 UK I, KEAPAZ AU T I
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SN T, I H R WIKEAP (15 = 2> 19 55 41 ffg
XTERFE T I PUIELS . AZ AL ] e 2 @ i p62-Keap -
NRF2i% 42 | il 2 5 8 FIROSAR 1§t /) £ Fh 3 (K (o
SLC7411. NQOI. HOIRIFTHI)ZZik, M|
IHHL R AL T-0Y, NRF21E 52 RIE3REKEAP1 ) ™ 45 1
FERT, T7E 40 A P A R B AR E L, AR AR
B, 7R/ N i il o, 292 RALERUSP Ll g £ e
NRF2E5 [ R A 17 40 M s Ak st -0, Bk AET
ML J g 1 B2 AT 788 1 22, NRF24/E R —
A B SOR AT IR YR YT . B FL R A FHITNRF2
A SRR FE T 57 FG Erastin, 2R $v 3E 8 B 4441
RN FUEIETES S T4k, NRF2MB0E R AR 18k
AT SRR B IR BT . NRF2iG 401 2 5GSH
BRI 2 PR (5] i ABCCI/MRPI) ) ¢35, M T £E 44 4
{2 3RSL3. ErastinfIML1621% S (8 4L 1208, ix g6
RINFH TNRF2IEZRAE T I ThRE R Z B B A %
A, R I S DR VR L, IR ERAE T G
BRI 3 K, BT RE R SR T, EE X AR A
T A S AR P Dh AR AR FUAR > o IR IR YT
RO SR, i E AT B R AR TIR A AT
A LAEHNRF2EEIE R A G0 HAMHI 5 RSET IR A
T B I B 5 GPXAFISLCTA LT # B4 IE 52 32 NRF2
VA, TRt B I EIE T, Rk, 75 DU T R
AR BET R 32 BERFAIE I 20 R NRF2475 88 2 —
FhAES ATAT 715
35 Hft

BT — T LR B, 2592 R ABEFUSP11 (ubiquitin
specific peptidase 11)i# 1T %72 Z 4k Beclin 1154
SR 0L PV VA 405 S WA PR R AT T, X P A
PERfR T FIWESOE . (23 ARk B AR, adE—
B FERIE T, AR T A R R AR T R
HEEW, S5 ST HIFs(hypoxia-inducible
factors) e — 2R 24 i A A0 BB0UR% PR R e 1R S DXL 7
f135 HIF1A/HIF1a. EPAS1/HIF2a. HIF3A/HIF3a
=S ol B R — AN ARNT/HIF 1BV 567 . B 58 %
WAEAS [ SRS () iR b, HIFs A AE MR BE T i 5
BAWEM. —J70, HIF1AMR S5 555 S5 R g
WIRR 25 &t (3R, JE T RSL3FNEZRFE T2 0
FIFINS61 T HIERIET, b5 (e ik N 2T 4k )98 4
it H g 7 PR ) S ERURD i 470 1715 EPAS 1 U@ 3k 75 4 b
S A B e 20 B R G AR RS S IR I R T, i
PR S L 2 A ARG TT, AT (i E 2k A T30 7

RSL3. ML1628¢ML210#% 38k 4ET: 1?1, VHL
YEAHIFsRE - HE I E3 R, 30k e HIFsAR e P, i
RHFEAE S BRI TR B VIAH G . RO A4E 3
BORYE T ZRiAA R I 2R A Ty i FHE 1 1) A g o6
THIT- A AEEZ L. ZYR0MIEEAFERH
JE ARG 14 BH 25 118 & VDAC(voltage-dependent anion
channel) &2 /5 FAZ 41 i P9 AR 90 A - sk 26k
PR A B 2 B B R . WEFE R B, Erastini] LA
HA%5 VDAC245 &, W 8RS0 2 Erastinify 3 B
BB AN, VDAC2HI VDAC3 & il it E3i2 KK
I 32 il NEDDA Y 3 1 25 g A2 4O B2 A2 T R
— P AR SR LA R R AR E R RAR B3
B2 55 T Y01 VDACIH B R IE 7 itk — 25
I TR T o B I — TR FE R B, 72 MR A O
A AEA L, %92 2 1Ll USP7 (ubiquitin-specific
protease-7) AJ LLLE e AH OC T 4E4H il CAFs(cancer-
associated fibroblasts)H £ 2 miRNA 7 #5AH K 8
hnRNPAL) £z 5 AL, {2t CAFsH 4l A miR-522
B3 1h, 3 A AM IR mMIR 52238 — A5 1l I ¥ 1) 15 98
AR ALOXT 5 I 40| I 23 SReAT ] B e 400 i 1) %
FET,

4 REERE

bt A SR Tz F R A R AR R T
WAL R Thg . Bl S BRBE T S AL ) B A A
WK, Bk R 2 RS R 2 R R A EA R g
L 7 2 5 BB BET i, IR KI5 EEEH
(B, M ERPW T URILZ Z-RE AWK RS
AT R R B A WEIhREEED. mEZ R
{LEFUSP7. BAP1. OTUDI. USP35%% 1] DL i3k
FET BRI SRR AU TR, 52 RLEEOTUBL. E3
HEBENEDDAL . KEAPIAMH| 2k A0 T, 2 KK
1 A 38 12 v ) TR R 20T FEAS [R5 A 5 R
YEF . USP1IAE il o 0k 2R AE T, (H 2 75 B sk
I PR A R B TR RS T AE A . USPT
T Wi B JHT e 248 e w2 iR R AR T, (RL7E S e 20 R
RCEIHNEIEH . 7T, 32 R A B AR 2R AE T
(R4 AE AR KRR E B T IR 4> FAE kBT T R
E A A Bz Z-EOMERETFRRRES
AT AANIE I R BB 5 RS T A 15— B A
Jt. HEISEHBREE T TERE, Y058
FEMRTE N 1) 2 PR R AE R EREDI R AR



XSS 2R E AR GEYILT R 169

6
—
Proteasomal
\l, — degration

Proteasomal Bt \l]
degration Fe B Proteasomal C .
— 1 i steine
o® itggr o Y Proteasomal
1‘ \L —-> degration

ADC2: VADC3uu
s PdPT
ﬁ@ TABYES vapes I

L
Autophagy 2 :
\ |—> Lipid poroxidation <—— GPX4 Q) pr4.'

JBeclinl ) % Beclinl

o Proteasomal
Ferroptosis degration

Promotion
—
Inhibition
Translocation

Proteasomal
degration

i

R AR

El ZHE-ZABERGESRTETHNER

Fig.1 Role of the ubiquitin-proteasome system in ferroptosis
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Table 1 Ubiquitin-proteasome system has dual functions in the regulation of ferroptosis

HFR I3 LA HBICT IR R 275 SCHR
Name Molecular mechanism Promote or inhibit ferroptosis References
OTUDS5 Remove the K63 ubiquitin chain of GPX4 + [51]
OTUBI Deubiquitination and stabilization of SLC7A11 - [44]
KEAPI1 The E3 ligase adaptor of NRF2 - [54]
USP7 p53 promotes the nuclear translocation of USP7, which Deubiq- + [46]

uit and stabilize of H2B;

deubiquitination and stabilization of hnRNPA - [65]
BAP1 Deubiquitination and stabilization of H2A + [47]
PRCI Ubiquitination of H2A - [49]
UbcHSc -
OTUDI1 Deubiquitination and stabilization of IREB2 + [39]
NEDDA4L The E3 ligase adaptor of LTF, ubiquitination of LTF - [40]
USP35 Deubiquitination and stabilization of FPN + [43]
USPI11 Deubiquitination and stabilization of NRF2 - [55]

Deubiquitination and stabilization of Beclin 1 + [60]
VHL The E3 ligase adaptor of HIFs - [61-62]
NEDD4 The E3 ligase adaptor of VDAC2 and VDAC3 - [64]

+1 Ak - A

+: promotion; -: inhibition.
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