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e B "R —AMET B A T fR R %, £ P AERERR, STl AhmRES i
B2 B TRAE— R LB W TR TS MmO E, (22§ EdER AR FE MmN — 2k ETa
ARG R Anik At 4RI T R — A FT e et TR X, 2R TROREFIE R
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The Crosstalk between Autophagy and Ferroptosis

LI Xin, LI Ping, XIONG Qiuhong*
(Institutes of Biomedical Sciences, Shanxi University, Taiyuan 030006, China)

Abstract Autophagy and ferroptosis are two forms of RCD (regulated cell death). Autophagy supplies
nutrients for the synthesis of essential proteins during starvation, and thus helps to extend cell survival. However,
excess autophagy can destroy essential cellular components and lead to cell death. Ferroptosis is a newly identi-
fied RCD which depends on the iron accumulation and lipid peroxidation. The main features of ferroptosis are
significantly distinguished from autophagy in terms of morphology, biochemistry and genetics. Recently, extensive
evidences have shown that there is a crosstalk between these two forms of RCDs. Studies have demonstrated that
activation of ferroptosis is dependent on the induction of autophagy. Additionally, many ferroptosis regulators have
been identified as potential regulators of autophagy. This review highlights the crosstalk mechanisms between au-
tophagy and ferroptosis at the molecular level.

Keywords autophagy; ferroptosis; crosstalk; molecular mechanism
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R, Hodrir — P ATGE H 720 7L sh ¥ 40 g H 77
FERNR S AW, X EEATGH [ Al LS HAh 4% K+
TERCE A, CAFE I B A O 25 44 (1) T2 AN 2,
AR G B WRAR S i R A B G S AR
Bk B 12 (ferroptosis) ;& STOCKWELL F-20124F 3 & Il
() — P aE T 7 2, BRI RANEE JS e i A AL
FERRIE T h e 3 B B/ AP R s e
THm A e H I S AP 4(glutathione peroxidase 4,
GPXA) PR BRAE T R A KbR &R, PRtk 2
HEARWANR UL EM I & FE 507 #H 25 T8
ARG S SE A RS . VISR, Toib 2
MARTEAS . YRR 2 ¥ R A R 7
I3, RACTHRAS R T4 W DA S A ) Al Ae T
77, SR, Sl I TR B, BRIk Z R4
FEAHELER &, BRAE T A0S OB T B s 5 2, T
AU R R A BE 2 5 s FEN, AR SO
FERIE T Z A AH FLIE R 1 73 T WL AT 2708

1 BEFESETIEE

BRAE T & — P AN R T- 40 e 3 W i B T 7 2
E & BF 58 3R B, 40 i 7E Bk B8 12 5 [ Werastin Al
RSL3(RAS-selective-lethal compound 3)]4b # T, 41

J v P R T e, O B R S o 4 i I B
IS 2R BRRER 22 (IR SR R B, BT R —
Tl A6 1 Wk (%) A A8 1207 =X, 4 N B R o YR
G A T 1 S T el o 5 S A PN Bk 1 R T
Jid EAIAR R, MR AL T R R A, R
FERBE T R AR R IAE LU R PUANJT TH
1.1 HREAEREHKFETHASE

Fe LA S IEE, i 2 i Fe™ 1l 254 s B2 {2
2 3% 14 4 (reactive oxygen species, ROS) 2E Bl M 1M
XY = AR B E . IE R ARHDIRES T, iy it
% WIFe 2k 85 (A (ferritin) ) 51 4 MV & (ferritin heavy
chain, FTH)% . NFe* M il A7 A28 8k A b, Bt
Y1 i JIE5 b 1) K % 3 i 2R 1 [ (ferroportin 1, FPN)
i 2 FIFe™ iz th B AR, I CE B, A% 2 ARk
0% X F4(nuclear receptor coactivator 4, NCOA4) 5
FTHAH B4R F AT 8k 2R ) B W B, X —
FEWEHR AR 1 A W (ferritinophagy)™. k& A H
Mk P2 A (2 3R Fe™ (RRE T, 51 A 200 L A 125 Ak RO AR T
e BET AR RSB TV 1) o MUAREEBRNCOA41 3
1 DA KA B R B Rk AE T i R AR
12 FERBREHKFETHLZE

2 1 A 1 R T 3 e R A A ) O R A A IR o

Ferritinophagy Lipophagy Clockophagy CMA
lNCOA4 lp62
HSPAS
Ferritin | ARNTL | LAMP2A
l ?
pHD1 1 GPX4 |
Fe2+ 'T‘

' |
Lipid peroxidation

!

NCOAA4S T HIBRHE 1 10 5 EC AN L P e P kI S T T i, (R ERAE T o

T : increase
Ferroptosis
| :decrease
i W (e i B A R TR R SR T, L RN 1 AN E . p62

S EW BN IO O B ITARNTLY B W B, S EPHDIR AT, 51 F 1k, (R0 T.. GPX4TEHSPASHILAMP2A /15 FiE it

CMAFEfR, T EA0NE AR BT SRR, (et A ki,

NCOA4-mediated ferritinophagy increases the free iron concentration and thus promotes ferroptosis. Lipophagy promotes RSL3-induced ferroptosis by

increasing the lipid peroxidation. p62-mediated clockophagy degrades ARNTLI, therefore PHD1 increases. Subsequently, this increases the lipid per-

oxidation and promotes the ferroptosis. HSPA8 and LAMP2A promote GPX4 degradation via CMA, which increase the lipid peroxidation.
Bl BRGEERIET IR
Fig.1 Autophagy regulates ferroptosis
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Gk -

H W& (lipophagy), A& 5T W A= B IR T 25 i s 2 E 2
KR N 22 B JHEATPA: jS, H BT B 7L 3R
BH, i oG I Be A2 FERSL35 5 IR IR ot 281 DA A 2k
FET(E), ik IA I8 2 I D52(tumor protein D52,
TPD52){iE 2 i J57 it A7 A ) i Jo 1 I, R 5]
RSL3#5 3 I i B AL AR BE T (1) R AERY, H 2,
H RIS AN 2 A I R B M S R B2 A2 51
FERRAET .
1.3 £V EEEHEKE T A E

A b e WIRYE ), WS B R 45
il Ak 22 40 M AR PRI AR, GAR R AR, A RN 4
MOFET-SE B, B % H I (clockophagy) /& 2019 4F
OB R — Fpig et B AR . WE SR B, AV
B AL 0 B 7 R RS 2 AR B L B R 1 1 (aryl hy-
drocarbon receptor nuclear translocator-like protein 1,
ARNTLI1)8EIE i p62 41 T (3% £ 14 B W B A, 33K
A 5 T F2 AL B 1 (hypoxia-inducible factor pro-
lyl hydroxylase 1, PHD1)Z1A &1, AT {22k 4H i N
R P Ak, BE— B B M R e T (B )
14 SFHENTSHBEREHKRIETHAE

TR/ 510 B I (chaperone-mediated au-
tophagy, CMA) s % 73 1 145 3 I 4 FIKFERQ
FrPR R AR 7 4, WG 55 T i AR AR S0 i A B 2R R
2A(lysosome-associated membrane protein type 2A,
LAMP2A)ZS & Bt NV B AR N, W Bl 22 1 e
GPXARE W17 [ 41 M A B i o i A0 A T £ 47 4
Jfa, A 3 G R AR R BT GPX4RENS 5 4 TAR1A
AR T B I ASK AR 72 8(heat shock protein family A
member 8, HSPAS)AH TLAF I, 4K M i CMA 4 [ fi,
1 FIELAMP2ARE % (it BECMAFE fifGPX4, 3 E 4
M AEBRBE TSP, {H & 5 HSPASAH S, HSPASIE it
5 GPXAMHEAEH, BHLEGPXAT [ fiF, M i 4 i
RABRFET(EI1)P,

2 BIEMGKIETHENATER

BRAET NIRRT 7L, 75 FERSE TN
JRBA R EEA WIS — B SR IRE T
Fe?" & f R 3G g o i S AL 26 A, 68 HY GP X413
BREE S, MR EFERFE T IR AR — RIEid S Fh s E
I GPXAR VS PE, ] a4 )3 i B 2 1Bk H K (gluta-
thione, GSH)2E A EIR /> GPXAM & &, MM T 24
PN 1 i R L SR A AR R SR AR T BB TS

T DA R R DR T B ek SO, H AT LA HRIE kAt
TR 3 2 18277, T H A A — LS i s £
FIE [ IO % ot A A P, s B it 1
T R I () B A
2.1 GPX4

GPX42& 2k A0 T 1 32 8 B S E 1 &R A
GPX438 i 35 B 20 Mo 7 1 g Jo o 48040 4 410 o 2k 2t
T2, $MHIGPX AR F IR BIE P, M A2 2E 48 Mk SE T2
(A 2820 WF L], GPX4 Al LS CMA B [%
filt, AT 15 5 Flerastinkb B 40 M J5 CMA T 14 14
5, GPXANNIE PR, SRR AT, k2, 1
HIICMA R P 0 ) Bk P T 1 i AR T I R IA
GPX4 AT DA 41 s P ROS [ AR B0 T 38 4 ik
JEROSE T4 5 W . GSHZGPX4) — AN il
(% Bh KL 7+, P GPX 477 Bk 40 J A 1 T o2 i 4 4
e T . GSHIGR K ¥ 5 BUGPX4 D) BE % 4, 12
BRI ERFET B, BRI 2 Ah, BT R B, GSHER R T
;AW EEALCIMRIE & m, AW/NEEE
B, SEEROE AP, TEREREF, GSHFH R 2 FF
SR SR F R
2.2 Beclin-1

Beclin-12& A O HEHZ —, B 55U R
WILEE -3-784 8 (phosphoinositide-3-kinase, PIK3)J% i,
B &Y, /£ A in i EEAE MY, ELAVEE
RNAZE 44 4 1(ELAV-like RNA-binding protein 1,
ELAVLI)fg 5 Beclin-1 mRNA 3" JEB] 3 [X 45 & 4E RF
HARGEE, TS AW, SRS ES AR, {2
BEAHRRERAETIC . T, WA OCE B AR B D)
BE Wl Bl Sl itk 22 3R JE . Beclin- 1AM T 9 4 1 42
BRAET L R B AIE 52, AMPK/# Beclin- 1 B2 1L,
IR 1k 1) Beclin- 115 2 R I 208 = M) %32 R Gt X e
[ 25 73 5 50 AR 2 TR 54 11 (solute carrier family 7
membrane 11, SLC7TA11)FH B AE H #I#| Xc 15 is 7%
PE, PR REERIE T 1) & A, H AMPK ) 3 14 4 i 3
Beclin-15SLC7A11 ) # T A, 8% ¥4 Beclin-115
SLCTA1AH HAE F B AL s g AT RAZ, ¥ RE I £k 5K
TR R ARSI,
2.3 p53

p53& H R B 5T d5 2 (1) I gg 4 ) 2 1, e T 4%
H g 7 A W . — 7, pS3iEit B —
S IR 33 15 WK 119 R S Jak [R] Py 2 a2k ml o g L 3 40 o o
75 2 ¥ 1 (mammalian target of rapamycin, mTOR)
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PR PR SR IS0 E W 55— J7 T, pS3tHaE ] H Wit
FRPS1, FE R AR T 0 A%, p53id i # I SLC7A11
(1) 2218 B R HEROS AR B R AAZ #EERFE T2, 7
B RN A, pS3E i 4 gk A0 T AR H R A 4 il
Re 5P, 7E N BREH129940 M. B PR U20S 41 Al
FFLIREMCE 740 i v, pS3{E kBB T (K 4B, 1
Fe e N &5 B e A i o, pS3 T DA it Ik L ik i
4(dipeptidyl-peptidase 4, DPP4) 1% € iz, M e it
SLCTANLFRIE, FHik /N KADPP4 ] i it i S AL
PRI R, I AR I, 546, 78 N A 4E 08
HT 10804 1, pS3idiid b ifp21 ¥ 2h R4 £k 48
T B R AR, pS3NTERAE T I AUEE A F 3 I H At ks
Sk, ATRER BT AEAS [F) 1) 9 20 B P B B A AN [RAR
AF, BuEFIpS3MAHK G 5 i B s 15 8 AN, 1
XA B A4 RPN EHRE R G, &
2 FEA M RIS 2 5, SR H B AL HIE
ARyt — B,
2.4 STAT3

& 5% 3 57 5 0% R 13 (signal transducer and
activator of transcription 3, STAT3) 7t figi it T & i Jes 41
J 2 A i P A ) 4 24 R 1 BB (cathepsin
B) 2R IA (2 HE 40 ok AR T2, #IHISTAT3 1) R 1A fig
ZACHI ) K B T ) R AR LR PRJRE A R, A
STAT3 (1) 14 e 3G 0 248 Jif 5ok DB (%) B804 5 HL R 0%
FHT IS BRI TS, STAT3 ] it /& B W 11— /N 410
il 2 1, I STAT3 ) 2 1A 68 6 JE B W AH ¢ 5 A
(I8 M S 15 W
2.5 HO-1

I 41 2 N4 % 1 (heme oxygenase-1, HO-1)& —
LR S I PG RA NN S SRS S N s
CO. i RIEHO-15EE 13F 40 A £ bi Ak | 5, ZEZZ N
1% 41 ffd(nucleus pulposus) )18 17 PEEFECY, k%
IZHO-1RE % e 2t 2k AR R, Bt 5 {2 ZEROS I 77 &,
AR ERIE TS, 52 M &, AW FUEH,
HO- 1 fi6 % 40 il 2% 58 T2 1) K . HO-TR B (14 /)N
BB 0T g /0N G 0 M A B T B AR Y4 B, E erastin Al
RSL34bH T SH 25 5y R AR A6 T, JF HLAE e 40
W, RRHO- 112 IR 415 41 ffd X erastin 58 U, R
HO- 1 & 8% 1 1) 40 fitd ) 2R 58 T2 11 R A= B+, TTHO-1
KR FE T 1 X EE A 2 anfer 4% 1 i AN TS 4E, 4 g
WROSHY 7K *F- AT g ¥k HO-1 % #8 1/ a3t 5 417 1] 2k 46
TR P,

2.6 Nrf2

%K F E2#H 2R [AF 2(nuclear factor E2 related
factor 2, Nrf2)2 ¥ 4 Mo X 45 {4 B 2 H 87 38 1)
PUAAL BT . AR AE IE 8 A HRAE T,
Keapl(kelch-like erythroid cell-derived protein with
CNC homology-associated protein 1)-5Nrf2 4 H.1EH
I ENrf2 (00372 AN B IR AR Bt 2N
e 2 R B, B R A PRI p 62 R A% R B2 UG N2, fi2
HE PR A0 0 AR KBS, LR EAAIE S, BRI AL 1
P62t v 4 M b 45 A Keapl, /i $Keapl 1) H M %
filt, ATHGENIR25, 5340, N B RS2 455 30
pO2 B S AL 1 B B4 Y A5 AR AT I A AR R o
WOENIE2, T S H W AR S K Wp62. ATGS.
ULK 155355, $& 5 H Wi Ve DLIE BR 4 i N 52 40 R
1R 40 i 250 e A, AR N SCRUE B R R
Nrf2if G P #ELAMP2 A 1% AT 2 CMA ) 7%
P, E U IFASRE W 40 i B W, BERINT 20 B
BLCMA ) 2 B A 40 i e PR Y. Nef2fE A — A
e R, RN e B B AE T AR — Le S
FRNEFEHO-1. SLC7411. GPX4%5 )R 15, MM
VAP M AR . GSHUKF . GPX4I & ik i
JEA ST AR, Rk, Nrf2 78 8RB0 T i 45 ik fE A
RAEA AR A,
2.7 HSPAS

HSPAS5[heat shock protein family A (Hsp70)
member 5] X % GRP785Bip, /& #{k 72 2K HHSP70
FIRHE A TR E B — A, BT PLRE NB AR,
VB Dy N J5it 1P 82 3880 FR) JR% 52 4 A R T B B 1 R B R R
A 2 AR A ER, Tan] DUE RS 4,
HEHTROS T 3 (1) A 5t 4 R ORI 453 47512, HSPASRR 1
FAT YEFFGPXAR A 7€ M, AT 4101 40 Jf 2% SE T 1
ThHESh, L RES B MR K B Fp62 A ELAF ), (e b i
AT B S E RV R AR AR B LA, R
RHSPAS RIS REWS 175 5 B W, I HHSPASRE S i
ol 97 Vi Bl A AH G B 3 ) 30 R R T T I A ) 3
IS,
2.8 HSPBI1

HSPBLZ NI AR H R R 2 — . WFFERIN,
HSPBI ()2 A4 e 40 i % 2 1 i B8 L S o i 140 i
J i S AL, BH LA A AR BRAE T, MUIRHSPBIF) R ik
REMERERRAE T L A BT 15 2 A e, H T
FER W], HSPBIX H Mg/ MA I il i 75 )Y, HSPB1
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RE iy R 7 B WA ¢ 3L R ATG 7l 255, FHHSPBI )
F ) 35) Ak FL A D 5 AT G719 238 FRAK, IF Hoad
FKIXHSPBI1H A8 9% 75 5 40 iy 5 M, I 3% 40 i &%
AR T BFFEUE W, HSPBXT [ Wi (1 42 32t 1 F 1)
FEAO T HSPB1 R BERR L. HSPBIAE [ WML AE
TR R I AR Thae, HVLHIMAERE. A
AJRE A BT 20 M AE AN [FRRES TR, HSPB LR AN [R] 1) 3
A P ERR Ak, XA HSPBIAS R AL sl i i 1k, T2k
HSPB AT AN A () D e -
2.9 FANCD2

6k} E 72 H AR 2 E J D2(fanconi anemia
complementation group D2, FANCD2)7E 4l it DNA$#
1 B2 i A2 Ok ¥ B EAE . FANCD2#k 2K 22 3
INDNA$G 15 fE i KA. Bf 7 fEDNASR 18 2 it
FE S/ AL, FANCD2IE BE A1 5 2 Ak H W, R
FANCD 211 2 325 47 i1 200 Jia PN 452473 2 R A4 1 37 R
1 R B i 5% 18] 78 J5i 41 Bfd(bone marrow stromal cells,
BMSCs)H I FANCD 25 Sk 46 HUAH O 2k [N 3% 3K T
1, A A AR A DG R R R T B, 4H i N Fe™
M, GSHAEM, Jig PUd =41 2, ik 4
BArTml,
2.10 HMGB1

A #2 %)% & 1B 1(high mobility group protein
B1, HMGB) & ZAA7E T W, /£ 8 —1DNA
70 TR IR EDNAR . S MBI RIL, 11
W FEHSPB 1 #% &k 5 [ 52 4R (transferrin receptor,
TRC) P 2R 18 M T U 42 40 . B M RO 2R BB T2 Ui
W IFTHMGBI ¢ % 5 Beclin- 145 A (2 3 B W /MA IR A=
U0,y B 40 B AN FTHMGB L E N — A5 5 0 T
WORA AT R b 1) S8 N OB . — BB R AR T
(3% S0 BE S I REHMGB 140304, T 3012 AE T 58
F 0 BE P 1IEHMGB 18 73 s 2 A Mg 4007 [F]F, Jf )5
HMTHMGB B8 38 1 J0R TR PISK A & 4 4k 1 4
I B R,
2.11 CISD1

CDGSH%k i 5 1) 38 & 11 1(CDGSH iron-sulfur
domain-containing protein 1, CISD1)5E {7 T £k #i &
AR, TE 28 R AR Bk B BURN S A B 8 ke 3 B AR
o CISDI® & Tt & 2 il B W iE v, AH K, 4041
CISD 1 (¥ 375 P4 B R bk CISD 1 5 35 33 50 40 i [ W01,
CISDIf: I Z 5 AW, -2 5 IR, Ak
CISDI 215 T B 2k i 4 i Jod i A0 & B3 o,

et BRIt . WL GG INCISD fffa e Vg
R ZRE A A TR A 2 R i B SR A AR SR T,
BRAET I R A MR8 T 4 it W, CISDIX kAL T 1Y
R0 W P 1) 2 R X A S P R AR I AR, O R e I 4
il 240 A B W AT A RSB TR, LA 7 IR
W

3 PS5 RE

BRIETAE 9 — a4 K B p R B — i 4
AL T B 5 2R, 8 A M N R R P AR R,
A i o o A T S B B AE T, S E R R AR A B
B PN DS RGBSR
BYIFAIC . BRIET B8 H A e 24 M % P des 254
()R T — S35 1Y) LA, 9 D o IR e A R T 24
PERRAL TR BT BRI R 4ERF A AR S 1
RHIS R, RN IR = 55 e U5 [ S, 440 i
FEABX L R PRI, B W2 KR A B, gwr) b
R AV N L@ 1 LBy NG i = AL Y
IR b B AR OB, PR AR R

ARILLRIR T B WA AE T A LR 1 7 T AL
], 38 36 R AT T 2 R] A LB R 1R A
RIL, HVETE—EREE ] MR E T2 (), N
VFZ R m SR U VR IT BT SRS . B 1, RNAZE & & H
ELAVL i@ i 45 B @ 12175 5 2R 2kt T,
KON IR T IR ST AR . (HR RET RN E,
— S HIFBYI T IR RARN TS S
VR E R, AR T AR S B S [F B B
PRI, AT AR a6 e 3 [R) 0 9 45 (R 7 e 1k — 2 24547,
[F] BNF 6T [ W R 2R B0 T 3 AT T HUERIGIT i . R Z,
BT IX e 3L [F] U Y R H WO 2 B R, 7 B AT
% H R AERAE TR AR AL, T 4b, IX EeSL R i 15 R
2 A ) e B R % B MR LR AR T, B[R] AR
AERBE T AT AR, 18 75 B RATR B WA 2T
AR LG RIFEAT IR N B IT

Ak, H A T R PE T I R A O
TAH I E R, (R B W) Bk 2k 2 5 o ] R A
THRAERTFF BRI AR ESHEENZ
ANHAAG TR, 9 Mg o o S8 A A0 1 A= Rl e i g 1%
FIFET 3R TR S AtE . T 90 tHAIE SEAE 20 0R 1
PEBIRANMA S ARGE B AE S BT IR PR I BRI 25993 P Fii
0, A2 YT i P R AE T Y, A T Th
BESZ AT R AR BE T, (H 2 X g N i 357 #4641 g H
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