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Abstract: Nuclear receptor co-activator 4 (NCOA4) acts as a selective cargo receptor that binds to ferritin, a cytoplasmic iron storage
complex. By mediating ferritinophagy, NCOA4 regulates iron metabolism and releases free iron in the body, thus playing a crucial
role in a variety of biological processes, including growth, development, and metabolism. Recent studies have shown that NCOA4-
mediated ferritinophagy is closely associated with the occurrence and development of iron metabolism-related diseases, such as liver
fibrosis, renal cell carcinoma, and neurodegenerative diseases. In addition, a number of clinical drugs have been identified to modu-
late NCOA4-mediated ferritinophagy, significantly affecting disease progression and treatment efficacy. This paper aims to review
the current research progress on the role of NCOA4-mediated ferritinophagy in related diseases, in order to provide new ideas for tar-

geted clinical therapy.
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M (ferroportin, FPN)|I & i ZREE AW @R KEY, HINCOA4 X 4ERFAH Y A 2k 1K A= 1) F) FH BEFI
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WD, Hogh = AT B AR G R R AVE Y T R g RFEVERR AR R R R R (B 1), R ER L
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Fig. 1. The key mechanisms of nuclear receptor co-activator 4 (NCOA4)-mediated ferritinophagy. (1) Classical autophagy pathway:

NCOA4 and ferritin, mediated by autophagy related gene 8 (ATGS), are wrapped by membrane-bound LC3-II to form autophago-
somes, then the latter are translocated to lysosome for ferritinophagy; (2) ESCRT (endosomal sorting complex required for transport)
mechanism: UNC-51-like kinasel/2 (ULK1/2)-focal adhesion kinase family interacting protein of 200 kDa (FIP200) complex regu-
lates the dissociation of NCOA4 from Tax1-binding protein 1 (TAX1BP1) and the combination with ferritin heavy chain (FTH). Both
ATGI9A and VPS34 (class III phosphatidylinositide 3-kinases) are collectively required for the trafficking of NCOA4 and ferritin to
lysosomes; (3) Other regulation mechanisms: Yes associated protein (YAP), nuclear factor E2 related factor 2 (Nrf2), and c-Jun N-
terminal kinase (JNK) inhibit NCOA4-mediated ferritinophagy. T-shaped arrows represent inhibition. Tf, transferrin; TfR, transferrin
receptor; FPN, ferroportin; STEAP3, six-transmembrane epithelial antigen of prostate 3; DMTI, divalent metal transporter 1;
HERC2, HECT and RLD domain containing E3 ubiquitin protein ligase 2; PCBP1, polyrC-binding protein 1; FTL, ferritin light
chain; ROS, reactive oxygen species; mTOR, mammalian target of rapamycin; Bcl-2, B-cell lymphoma/leukemia-2; PE, phosphatidyl-

ethanolamine.
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L1 BEE S

NCOA4 FEH PRI : NCOA4a (614 aa)fll
NCOA4p (287 aa). NCOA4a H. NCOA4p H A~ H
A1) 239~565 Fr BE® O RAEBRE RN, NCOA4a
(I PR 7 C K3ty 383~522 )1 B R U . 454 FTH
IR REFEERR23), HHERIEHERRETE
BN Be(485~509) o LI R 3 B X NCOA4
G K B JE W497, L URRT fEIE W M 1489 492,
L494 1 1L498 . iz %L 4 X 7] — 8,5 % (FarUV CD
spectra) 45 RN, IR 383~522 Fr By HL A i LAl 1)
ARGt — gy, A D8 TN IR e B B B 45
1, ST PUAS o BRE Y B8 AR S5 I8 BT AN
[["*. NCOA4 5 FTH 45 & J5 il id 5 | W AH < 5 K]
(autophagy related genes, ATG) 8 ££ & H Ul GABARAP
(GABA type A receptor-associated protein) I
GABARAPL1 (GABA type A receptor-associated
protein-like DAHEAEH™, {2if FTH #1128 2 {4,
B J5 VA BEAREAT PR, BREE EZ0 Fe' @ T 41
iR 7S B b 7 Ui 3 (six-transmembrane epithelial
antigen of prostate 3, STEAP3)i& J5i &y Fe*" '), Bl
B o A BT B R, TE SRR AT B SR 1R T ERFER
RS . DUBREER NCOA4, “HAR P FTH. FTL.
TfR1. #kifi¥5 £ A (iron regulatory protein)# ik i,
BEAEN, BREHAAZME, Rk TR, 3%
A=W AT A FH 40 B P9 R R R, AN ORIk
W 2 (hepeidin) (2R 2, AT 25038 40 1 A Bk A 2
Iﬁ] é%[9, 11] R

AL UL S E S R Eor, BB
(FTL. FTH1) #1 HERC2 (HECT and RLD domain
containing E3 ubiquitin protein ligase 2) 7] 5 NCOA4
M EAER, J5 % CULT [F)V5 45 1) 15 2553~2639 J1 B¢
A5 NCOA4 11)383~522 Jr Btéli . 1EBR A2 40
% fFF, NCOA4 5 HERC2 [ 45 & n, T3«
NCOA4 ) 8 B AR B A, 4001 Bk 1 W O 48 0 2K 2
FEAF: EBRER R T . NCOA4 HIBL L A 2 1%
i, HERC2 5 NCOA4 45 & /b, FEHNCOA4
FaE W FERE O MM . £ NCOA4 iR
(knockout, KO) [ /Iy 5t A F8 21 4 40 i 1 i 95 S
7N, NCOA4 17 7E W il 4R &> NCOA4 it %
(NCOA4 condensation) f1 NCOA4 [% fi# (NCOA4
degradation). £ £k 78 & 1) 40 ML FHABY By, k5
NCOA4 [t 5 o Fp Kk S & = A2 M BAE M, 7
FIEAETENCOA4 BEEEY, JFs 55 NCOA4 58k

HAZEHEAEN, FbskE A5 NCOA4 KR
Yk TAEAE P A R, WA B ek BEE
Ab 78 Bk I A B RE K AR S B, ANETER
NCOA4 Bt R Y 58k & A BAF A, JE K T
Tax1 45 & 82 A 1 (Tax1-binding protein 1, TAX1BP1)
AR T ATGT K AE & H R kAT, HEE A
A EIERE AR, T b B TR G AR 2 R Bk
TR D> BRI R BhER . DL ESSRERY], BE
NCOA4 [¥145 4 v 145 NCOA4 [ A AR, TE A
A 1 [ AR B SR W, NCOA4-8k 8 1 il AR 5 441 ffu %
MR R P, 20 NCOA4 k&5 A s, @it
BEAE > TRERIRIE R, AR BRI S BREE B A
ER, REOHAERAN AR, MT7E S Sdi ik &
E R i AR TAEBRFEm S LT, A
58 HAE I NCOA4 R FIIE, W LLA AU S
BERALG S, B ATGT i . TAXIBPI JEM#
R A Ot R R, AN AR 8 1 A AT
BR, T S Bk Bk =

H i NCOA4-FTHI 132 22 V& g A4 PR B VDL 1w
AEAiERE, REEINSGLRE REY], NCOA4
H5Z M ATGHEHAM K, £ MK HRIEHE (&S ATGT)
FI A AR Bk B B3 0K AV Wl AR T R R AR
FIUS B, BB R IR, HWRIEK ATGIGLI . ATGI4.
ATG7 M ATG3 [ R IF AN 2 ™ B i NCOA4 ) 5
filt 7K~ H v-ATP Fg 4 41 77) (2 36 ¥ & R Al
(bafilomycin A1) H W5 A2 { NCOA4 E L,
FENCOA4 i A7 R IS5 B Wik i R F) U8 A 5% 2
1 1 % % 3 (microtubule-associated protein 1 light
chain 3, LC3)M H.1f: H X 71, RHIA ATGT
UL, NCOAA TSR] LAREAT RF 482 (1 B 1 P e
PRI AT REAF AR HLAR AR 2 ML) B S5 5 367, NCOA4
CIESPES—2=Fave: Jo 0/ TR (Y IS i bUIE AL B U e g (R 7R
|EN. AR AR R /E AT R A 4 e 2R T 2 gk
R RMMAE, H, Goodwin%E N HiE T —Fh
A T 22 31 ATGS [ Wik 47 1) v B35 1 428 1) 2k 2
B fif B O 2 —— W AR 9 ik % 52 2 & 1 (endosomal
sorting complex required for transport, ESCRT) A il ,
HI ESCRT 41 3 ) Wtk 7 ik ig 42, ¥ & TAXIBPI.
200 kDa & & PE ¥ Mg 2 ok A B AF H AR A (focal
adhesion kinase family interacting protein of 200 kDa,
FIP200). ATGOA. TIT 2L A5t LA 3-38 i (class 1T
phosphatidylinositide 3-kinases, PI3K B{#K &y VPS34);
TAXIBP1 5 NCOA4 T i 2 I8 £ 7€ # % % ,



B RAE: NCOA4 A T 8k Wit X HAR S [ Tet g

TAX1BP1 5& NCOA4 i) H ZAH TAE Y, %1 Bl
PRI ER (R L, ATGOA I ) /R FEAR 8 LX)
TERREAEHAEREE, ATGIA K & LLE A1k
BB I PR ANV BEAR 2 A, T FIP200 B 5 035 4 B
IEBREE A TR 0] VPS34 5 8m R A FERE A
5 NCOA4FLZELIG NN, RWINCOA4-BEH ¥ i
ECVR T R R AR, BRI R TR NCOA4 45
A FE1B TAXIBPL. VPS34. ATG9A F1# 4> UNC-51
FE U8 1/2 (UNC-51-like kinasel/2, ULK1/2)-FIP200
BEW, X —FAFET ATG8 /i Sk Bk 3 W)
B R E . FIFE, Mejlvang S5 5T UE B
ESCRT IIT 4 44 38 % 7] 9 S YLEKI% 3 B W32 44 [ 40
NCOA4. p62. % 4 BRCAI % [ 1 (neighbor of
BRCA1 gene 1, NBRI1)# 1. TAXI1BP1 fl#% i85 H
52 (nuclear dot protein 52, NDP52)] ) hid F A7,

SO ER H R R R Z, R NCOA4 4t
A Hippo 15 518 i 1 (1) 1% 0 B 5 U 45 R+ Yes AH
K8 M (Yes associated protein, YAP). H Af &L A 7%
HESE, L YAP R[] NCOA4 F) &L K H 5 FTH
FHEAER, MmAmd ek B0, FHFFRAR Fe® AR 5T it
FAKE, BRI ERAE TS, I YAP R AEKIE
T B AR T R U 1 ARAES oy e, dn (e pz gt
W, YAP IE[FETTERIETS, WO S N YAP 7R 2R
FET I AR B4R FH AT A B A 40 R A B R e 0,
M H 5 NCOA4 2 [a] i ) o< KA T 3t — P W5 .
AN, TN SCHRTR O YAP K 2 0 v 4 28
(reactive oxygen species, ROS) /=, fRFFIH 7L 3h 4
T 1 % & ¥ & [ (mammalian target of rapamycin,
mTOR)¥& fk, MM g /> LC 3B-IT &I 8 -
W B 4 Mgk B JR/E I i -2 (B-cell lymphoma/
leukemia-2, Bel-2) 3 H /K~F, BA4HH#| LC 3B-11 1 H
W, DTk B
1.2 OB R

ST 2 A A i B 4 3 I T 240 R 448 A o B3 A k24
) EAX LA TR LA A D8R, FLRRAE 2 40 i
ERLY/BE S 3 P ARG A S VI A AR -4 S K
TERNENPREG RO R, ANERN3~5 gffgkd
212 g SO MAEAR. Zmd g Tf
B LR AN, TE@ET TR A5 N A1E R B A1
BAMAN . TR, FEANEGILE RN H Fe TR
o = & 8 i B H 1 (divalent metal
transporter 1, DMT1) M\ N R HR 4 HY o Bk 5532 B 28 Fip
RHEAT ML R & BE WA AS RN A AR B
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X A B A M AN R i, SRR TERRER R
A7, VEERIARERE O FEAR, I ik ) 2ok R0
NCOA4 1 Z Fp 4 21 v R AP, — B F §5 5 HF
NCOA4 FJNTELL R IIAE, B %6, NCOA4 1L A
IE A mKPRIERY R, RN AR
KRR, NCOA4 & 20 4H B 4340 A1 i 41 8% 4k
Frh @, Al SIS AL R,
1.2.1 L RRNMEIRBEER

T £L 20 M 5344 ) A A2 K562 N 41 [ I s 4
Ji Z AN BT 40 B AR B 8 G1E-ER4 40 E i 5T
PR, BEAERLARATER K E, NCOA4 & H i Al
RNA K L, 7E8kB NI & s b BOA B i
K, T FEYE NCOA4 AT 5 Bl 41 85 (A AR 7 52
720, R NCOA4 78 20 4 ff A= Bl b B 40 i | =
PE, OB R ARz IS S, Bk E
MR IR Bk B AR, HE R E . EA R
GIE-ER4 41l ffi 1, NCOA4 ({157 B s BH T, kil it
B H S A AR S S NCOAS 5@, Shid f2 7 2
HERC2. HERC2 ¥E3% [ 40 0 5 A5 R B 2% S 1
NCOA4 [ fif . 2140 f A vy 73 A4 1 #2 1 HERC2 25
A mRNA KF Fi, (HRIEKPAZERALLI AT,
NCOA4 5 i 8k () BL#:45 & 1l fig /3 H 5 HERC2
() AH ELAE F DL 2 B 5 2 2 5 10 1l i Bl A s
Rk, E MR IR IR M K B S, NCOA4
R e BE R B LTI BB, ARk, g sk
TR LLEAT AL R A B 7852l 2 4 i
Hi, NCOA4 &M, YE AR, (RE THAM
BRo BT XML AL B R PR, Ryu SR IS
T—MERRG: EARPH, REHEZRCES
# M 1 (polyrC-binding protein 1, PCBP 1)K 4k £ i 25
B AT G, TR KSE I NCOAS 28/ 8 5
W, MMt SRk A7 s 76 I 202 (1 & i
Z K A0 R S (R R AL A B B BY), PCBP1 A
NCOA4 WA ik B (A MER B, NIaRA
BRI AL R SRR B JE AL 4l
), BEEYHMDR LA, BRIEARD, BEA
IKPBEAR, AT AR 80 4 1 P AR 2 TT et 2k L 5
Rk, HEATRESEMMO REW. £ RZHEN
N LM A R TR A R AR R A OB I
R G B Pk ) e R IR B T AT . PCBPI 47 B¢
KRR EA T, WNAZR S, M,
BN R L R BT NCOA4 W 1T Bk & iR
il B e AR B TBCE R, Rk, PCBP1 AINCOA4
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I A Bk e s B 2 R ) S A SRR R A0S, I
S 5 T A B 21 A B A B AR R R B A TR P R
T EE ISR

Bellelli %P f o, mlbR/NR NCOA4 )5,
AWz, SEAESANAL SE WA B, +
“ieln. EREAEIESEER, dnSSRREAN
AR MiEERE A MEPKP 2 35, FFHS
BHEABIEZ, IEEIIAMKETRRRN RS
PEERARAS 240, FINEA RN R B = T
MLy PEFRARERAAENST, /N BRI ™ E RN
PRA t 22 PE T I, 20 200 v H5OR0 If 41 B K SE R
P, 522040 i 4 B 2 (erythropoietin, EPO) 7K
Th i AH O B JE R A A A A B, 1T e B R I R ) 2
SEUNRIET R MB35 R o Nai 5P EAK
Jodan I ) B-Hh R R IS R B RE R RO, B
W £ L R B P 2k /D = NCOA4 KO h 3 It i 3
IR &=, B8 T%MIEN TH=NCoAd &S
FUR TR /N 20 B3 2 T A 22 51 R BRI, RFFLL
S I RS AN S e BT Rt /1, Rtk
TG T PN D 1 2 A0 B o A
1.2.2 £I4HRa4 R RV ARREIE B =1ER

NCOA4 £ 57 ¢ F fk 21 40 i A2 il P B B A 40 i
HEERS, EEGMEEE EEH, nagn
i 58 B ) 12k B 2K () NCOA4™ ; EpoR-Cre /)N B, T 1§ A
RS B (DI H AR R ) (4 3 IR B T 4 B
FiFR NCOA4 /N BE4h, NCOA4 DhREAE LI 40 iR E
BB R B 1 Bl Sk P 3 R R A7 AS [R] PR B T A 6
PE, ERIH AR /N OB S 3 1 b B & E R T AR L
NCOA4", EpoR-Cre FUAF-/IN B A LS 2 193 1L A TR
A, A IR AR B R N B R 0L, EGS
U, BT AT AR R B LR R A AR
HE R, LM B A St NCOA4 /i 5 12k
R IR AL b B ARAR RN, TREBOE T
— P A 5 NCOA4 (1) 38 % 55008 i (R 42 S 1
(hypoxia inducible factor, HIF)-20-EPO fliiid #M 4
i, W T BOF I ST R R, S S AR
ST 40 P A B SR o 2 AL TE 3 AP
1.3 LRI AIEIR

BRAE 2R R A AR OB AR B TR AT 3
B, B TLRRARITREES SV, fal
HEWIL WMV, 58005 PPN EEE 571
IFA T & B ks, LS5 8 4 30 RN 2R Ak JEE P o7 1K
AR, NCOA4 -3 [k B [ I fff o o Hor 2 B R ik

A7 LRRIARIFIRE S PRI EE S AL 2R A
BT FE 1, A BT 4ERR 2RI AR PR . BE Al 2% F
T, WK NCOA4 40 53 BS K 2k ik 2 & LA 4H
2. FEECR KRR A B B R A BhAh, =
FTL #fJik/> NCOA4 FI FTHI1 2 [A) ff) A HL A FH I L3R
BREAE SRR
1.4 Hfts

B 40 W PT a0 OE  F E2 A ORI T 2
(nuclear factor E2 related factor 2, Nrf2) 4 il NCOA4
NS ANE, WIS, BERCE &R PER
AR PERRAI G, A a0 c-Jun 2
R % ¥ B¥ (c-Jun N-terminal kinase, JNK) - i
microRNA 6862-5p, I i NCOA4 mRNA /KF, M
1M E 18 FTH MAORAREL 8 B RIE, G 40 i i A2 Bk
SR ARG A FTH & & 1 B ml ek = 22
2H MM B & 4K (major histocompatibility complex,
MHC) & &, #/KF T aeil s+ K y
(interferon vy, IFN-y) AR5 54 S IHISE 55 5 N
K WIE BE 1 (signal transducer and activator of
transcription 1, STAT1) @ FR 1L . #% By for A1 Kk R % 5%
WOE, FIMHCL 4w H 2R 4 B A SR ) 5
A 240 LT 5k 24 o P AR

BEAL, NCOA4 ]2 A1 B REXU A2 i ide rh R I
1), AFNRESER 2R ILEOEFID . BEfE, el
18 DNA S &Y, nld it N bq 25138 5
/N G 2 4R 4 F7 2R A (minichromosome maintenance
proteins, MCM) 2-7 fift Jig B 52 & 1) 45 & Kl ) DNA
S REeE, AR R A 40 5 52 3 2 )
NN IE Z 2R Ak, NCOA4AE v H A i
AR, ALY — LB AN AR 2 Ak, il
KRR 2R FARBR R 2k . 442 R AMD
ZARERY, A F Ik B WR T DL A R M AR ek
T T A B B AR e R R R, TR
ARG R AT T I

2 NCOA4 TSRV BER S HX KR

BREWEE R — R R N, G T AR
wE, BN, S550 58RO
R AR, Blandh BT MmO LA
HRAERH, R % G, SR i A e Ak
HIRIRIT % RGP H st 2, Sy
Al 5 NCOA4 B{ FTHI 454, ¢ 1l NCOA4, il
NCOA4 /M B A WE, M KFENAR R ER
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LY AR 203K S5 IR HE U R 75 28 (astaxanthin) ] _F 1
BREE AR U NCOA4, #nilek | W, /bl 5
GHMIAET., SRESPENRY: T ARE TR A
YA I 2R (quercetin) 7] 5 NCOA4 5 57 1 [ B,
PHUT FTH F#f#, FIH4HM NP RIZRIET:, S
PR IR i 15 3 () R0 A1) s A 0 24 PR 3 80 1k
F& A BB 5 (corilagin) /E mRNA FER H B 7KF 47
G I/ F HEVE 5 S NCOA4 B, (RBR &k
% NCOA4 F2 7€ 35 DNA H e i 54, 0] DNA
IR EE; AR S FTHL 58§45 &

UNFTHI FINCOA4 W B A HAEH, AR ik
/P 7 B s e B 3R R B R A
(cyclosporin A) A] i i A $T i R 2§ [ (human antigen
R, HUR)fE ¥ NCOA4 /1 FHIEk AN, I 22 980
A2 e T, B & M (methotrexate) 175 5 11
VNI R T SR SR T S P [ LK R T
NCOA4 /- FIBL EWE, T E YT A B, I
IRHE— P RAGTETT J7 B4R T AR .

2.1 KERSHEYRSGER

Jiang S50 98 B, IR R AT R R ORF IR
NCOA4. FTH Fl % B & #H ¢ [ & H -2 (lysosome-
associated membrane protein-2, 1E ¥ B 44 i) A= W) K
A AR G R 1)l R R o DR A P ) 3 e
B CA S B TS 1, PR R B R, T EERAR
W (WINCOA4 FIFTH 1K), Fiek P o ) B85 2
JHF I g 55 2 HC e, 40 5 A R B s T i R
S 13K ## I HepG2 41 il NCOA4 £ iA 7] B
2 N 5T I S ORI R ) B S L, /D30 RNA (small
interfering RNA, siRNA) Ik NCOA4 NI B X Ff o
HFEH .

Bellelli %" 8 7 W.on, s &1 NG,
NCOA4 KO ZNH4s P4 % S IR0 43 B 3 S Wiy (JFF Uk Dy e
43 bR B K38 B3 T AR RN R, R
NCOA4 KO Wit i B i =k g2 ™A
J& > RE R ME (AR (R AE IR ) 75 NCOA4 KO /N A
X BFAE N B O I S, R T ET A U  E
e,

NCOA4 A5 (1) 8k 1 W 2 P K 1 95 463 49 1) 350
JRHLH 2 — o H 2 ZPOVRI K TR B R B K R 5
(silibinin) P & AT 38 1 18 5 NCOA4 4\ 5 10 8k H W
NI B8 S U R R AR Th RE B AG ,  SR AR AT H 00 . 1
TE AR VRAS P I 07 P s 0 78, 3R B (curcumol)
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Al EIR YAP & HKCPFEIRNCOA4, i JiT 4
g2,

AR R, 3 A R JHE TR A0 P £ 328 e A D ik
YA, S ARSI U B DURR S BUH A 4L I
AN MR IR . R 2 YRR, vl b
W NCOA4 /- T [k A Wk 75 T B R A0 M gk AE T,
R, LA HUH£F 40, Sun 254 52
o, MEEEHEEAIT /248K A (oroxylin A) ] J# i
cGAS-T-#t 2 & [A Il 4 [A] -7 (stimulator of interferon
genes, STING) & 5 il i {2 # T4 & -B (interferon-p,
IEN-B)Z4H A 71 703, 3805 NCOA4, MMk
FFAF e, WA 8 & (dihydroartemisinin)i# i |
i BECNI1 (Beclin 1) mRNA [#) N°- H1 & iR ¥ (N°-
methyladenosine) 12 i , {2 i NCOA4 /> 3 1] £k
1N

NCOA4 /i [ 8k W A2 VA I JH-J 10 7 76 97 5
Moo WERR IR, 28T 4 )RR SR e
(sorafenib) A] if5 T JH RGN MIBET, AT G 4 i
AT YA BERE , AR AL )2 2 3 HuR 5
BECN1 mRNA A EAEH], B BECNI & H & ik K
F, 5l E NCOA4 N 32k B IREY; [ RALIE e
A3 35U A0 B 4T 4 A SR T RO MR R B 36
(zinc finger protein 36) N, i NCOA4 KL, if
TERAES, WAfrEH S MEYMNREK R
(esculetin) MIAELE T 22 Bl 04 I Hh R0 S84 A A A
(caryophyllene oxide)"*" il i fis & NCOA4 /- F 18k B
Wik, RN e A0 G TE A A E s R B AR
FA 38T TR A% 2= i P 5 2H 43 (EChLESs )il i i % HIF-at,
TG 3 /K _F42 % NCOA4 mRNA £ik, 1ER: 35
P> NCOA4 HFRE R, e NCOA4 T FHIEL H
Wi, BT R AR E T A R E R R
(anisomycin) & 1) p38 22 24 Ji v 44 B8 11 0 (p38
mitogen-activated protein kinase, p38MAPK)ifi i 3t 3¢
fr e 4 5 H H3S10 B iR 1, I NCOA4 ik K
F, R EA AT,

Ak, BESLR N, SR 4R B BR AR R IR
(cryptochlorogenic acid) ] i ik ¢ B A9 i v 77 =X
NCOA4 # FZRIE K-, FEHE PRI Hh R % BT MR & 2
RETR A VR FH . Zhao ZE A HH ok e e S5 PE A&
M 4F B A 2 (neuropilin-2, NRP2) &1 11387 1 2454
% R4S, 4% N GEM-DVDMS@MOFs@COF-
NRP2 (fij#* GDMCN2), F T~ P fth 5 iy 24 12 Jk i
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FEIYEYT, GDMCN2 SR [al gk N\ Ms 4u i, (£ 7 1
SR BRI BT BN IR (sinoporphyrin sodium)
NI 26 75 7 Ath 7% (gemcitabine), A2 IR RN 7= 2E 1)
ROS i dekifh, 53 Ao S, e amad i
NCOA4 A T 1118k H Wt F1 T 18 458 ok H Bk it 40 AL 1 4
(glutathione peroxidase 4, GPX4) /% 1% 7 S I J3 41 iy
PIMEF s [FIEE, ROS T3 DNA 545 38 i, 40 i) Jif
A P sE, —oE R B Ik T T R i
‘é,“j“ri[(ﬁ] .

B2, NCOA4 /T8 B WE7E L R Gk
WO CBEE R, @I T NCOA4 K H B 7+
fil gk E W, AT B] R TR R 40 i S Al B R BT T,
BRI NCOA4 A1 77 BN AR DB IR 7 R A
22 SEEEEBERGRR

WAL R, NCOA4 S5ATH KRG MR R AR K.
NCOA4 mRNA Fl NCOA4a 25 17K T 5 B 558 54 4L
HIEM G, Rockfield 55 75 1E % 1 5 A JIE 4H fd o i
FI5 9 K K HRAS 4 Rl ¢-MYC™ . 5% 3% 01 98 3 [A]
p33, I AR B AR S A i, S
R L, 51 NCOA4 mRNA (NCOA4o 1
NCOA4P)FIE [ i (NCOAda)E ik L, HINCOA4a
B ATEZ PR R DL K — R 51 50 S 8 (4
XTI AR ) R8N, $E78 NCOA4 1 BN S i
i AR5 T BB S 5 DRI 21 O S 1 AR O

F—J7H, fERT SRR, NCOA4a 78 24 iR
IR 7, ERE R E T3 R Bax AR R &
ity 3 LA K T A PTI 12 3E K Bel-XL, LA R A e
F 2 R AR v Dy O MR A D Re s T
NCOA4B 5 i 51) 5 41 M 386 5 A= 28 AH ¢, @i b
VAL S HAE (1 AR BT (I3RIE . B4 i ) A 24
OV SO R BT pg Ak, DU 3 4 e A A
s M@ FEE-SREES . BEEEEN3IA
THIFRIL, CAREARAN AR fIZh B A, sk g 4 AR
WAL R (8 5 P77 8, LR BT 51 R R 41D &R PC-J
LHIWF R BN, NCOA4 1E M 3§ 1) i o i) i
RN S SR 5 5 AT A R R R S Bk
T B 2 A RBURR I R E Y, IX AT e R R TR T
i 51 i 0 51 M e P i v A R R 2 — 1, i
LT 270 e S A D A B ] DB R A ps3 g
&3k I NCOA4 7 T HE R 2R R IE K, M
T80/ 51 s 0 000 2 R 8 i 240 B 3 5

Zi I, NCOA4TEATE R4k b B B 24
M, WREZS 5 0P 80 AR fR s T AE A0 21 i e

H, NCOA4a /EA Mg 4| 87, i 8 755 8 T A
FERRAFILINAE, 11 NCOA4B N 55 40 ffg 18 51 Al 4=
ZEAHDG, AR A A B S R A0 R A P A K R
2.3 KREBEWRAGER

PR TE EA AR OGS IR R, TR T
FH P R i 3 HR A A (R OB . PR B R 4 i P )
BRid 2 LA NCOA4 ki 7 i S8k AW, S BURES
Ot R B A 1 Ok T R S 0, 5]k Al B R
BRI FAMBET, dkimnR A4 PR IR, R k@i
NCOA4 V15 15 Bk b (18K 7, AT B Ry 4 il IR 25 5
R IR B AEAEE . RIS R 4l BT R R
PRI AR LR TT IR A

WAk, NCOA4 F= K CAIE ] 5 W R R G hE K
A FR R I 9% . STING ] 3 i {2 #F NCOA4 £~
SR AV BT BAET S, IR B T S B R
WA NE SR AL 2 — Y. NCOA4 3£ R B4R RA
5105 I A e (A 3 A A ) AR N R R
YIRS, AT B4R I AE TS A bR B FIIG
e U, 7R B I B A0 M b 0k — D i AT R OR
NCOA4 F=H KK IE 5 IFN-y %1815 S S 204
K, NCOA4 ik /K5 EWg4u i . AE K 40 i F1
AT I T 20 R 5 S g A R R AR TS, (H L
PEBLHNAT 5 E— 2D 7

H R U R B (isoliquiritigenin) B R i
NCOA4 £ik, 9842 Ig Z B (lipopolysaccharide, LPS)
B MREE T B S NS NIRRT
TS ST Y B E5 5 P (calycosin) A 38 7 106 £ B SR
B IR NCOA4 i, W E s,

gi b, FEWMIRRGHEE T, NCOA4ER—
RERET R, el Ak B e AR DA e ek A
B, MITEMIR RG0SR e 5 20 P e 55
JREGIME R RIEFRRIEEZEM, RN T
FEAE R AR AN G2 805 o (1 1 T AL ] S A S (Tt
FORETT SR 7 1)
24 KREREWMERGHER

WHRRR ], NCOA4 WAE A FIE R B N 5
REYH A IR0 KR 1 43 05 A7), Zhang P8 7T &
N, KB EEEY (1% (coatomer protein complex
subunit zeta 1, COPZ1)-NCOA4-FTH1 i 7 i iz 1 5
PRARUIAN B S AR, B ERIETS, AT iR
MR 5E, KNP AEATI, AT R R T RE A
MRRVR YT RE S LiECR L BoR, S45WEEA
(tripartite motif-containing protein, TRIM) 7 7] F§ K48
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B E HRAE B 2 RALNCOA4, i Hm 1%
A/ 2 S5t BT MR AR MO BB T, B4R TRIMT Bk £
A58 N 5T B 20 i J83 40 i S Bt vk R 24 ) B 5 M g
(temozolomide)VA¥7 UK . Zuo %5 7T E/~, NCOA4
T REARKIERS S 2 DR & i, X2
BB 5 S 0 A AR RB I FEALRS . 7 e i i
A BB RN, i NCOA4 /i 1 8k B Wk n]
S U I SR L/ P RE VR AR T, L2 B I NCOA4-
FTHI1 AH B4 SR8 o 40 6132 3100 5 10 R A g 14
(ubiquitin-specific protease 14, USP14) X NCOA4 7=
F ALY E LANCOA4 Jy I p - Tl i 4 Fii 2
AT REIR 1R . LA NCOA4 FIRIE 5 L 25 45 ) &% T
WIE . 2 KYEREIE S E RGE A K ENLZE
AN R BEARE T, NCOA4 2 V45 3 A XU
FEPRIL LB SCM2 T I — AN RBEAR AL R Y, %
BHSHN Iz, A%, BSR4
THREAR DG, HEALHUE AR B 5 L2 40 0 R A0 Sk 1)
AR AR 25 A ORI T AE 2R I AL E
NCOA4 72 2 FNEREAAE 8 35 A1 & 1L o 22 7 Rk JE K]
2, HARKIE S B W RS o F R T 5 kK A4
17 (relapse-free survival)Ff 5,

FH T B8 1 47 S FE 7K 2 (dexmedetomidine) 7] i
R NCOA4 A Bk B R, 11 55 08 24 HY 2 ik
W5 AR A BRI AP SR, DR RS
PSRN FIBERGS . R E 5 E R IR OIRH
(tetrahydroxy stilbene glycoside) i ¥7 i /R 7K R I5 /)N
BB AR IS, K R = AN A ) 42 4 D H B
NCOA4 FRi15 i,

Bk H MR AE AR 2 FR G A b i) B A R IR 7R i —
HEAT, I AR B NCOA4 A5 1) 8k H Wi
R 2 4505 BN T I PR A KM A R SRR
BT o
2.5 SkEMESMEIR RS KRR

CATIEHE R,  NCOA4 DR % - T i i Jie 5
BTG B REE, HRIEIK 5 il e 25 1) 7
Ja BHAEK, HE BRSSO iR
TR 2 AT ohok 2 R ) RV U 2 7 A S i, R B LT AE
ToOM P v o AR Y YAP i A T A
NCOA4-FTHI A EAF AT, BH 8k 82 A R () 7= A2
K& Fe™), M BH 14 it Fe* 18 1T Sideroflexin 1
iz R Zohifkdr, B — D> Aok A& ROS 7 AE 1k
FET:, LAGZARMRERAE 5 5 1 S i 1. FE1S
BEL S8 1 s firle Ui B B E s, A R 55 AT 3 3
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NCOA4 /- SN AE LMk str:, it M2
E 20 P AR Ak, DT B8 s 25 I 4 e T g 9 R 12 11
K, IR T YEL T 4 5 5 5 T BRSO R AP

Li S A s, AR ) B B A5 e 2 i
(D-borneol) AT 3BT 2 NCOA4 A5 [1)/k [ W 184 55 )i
BRI A, DA 5 UEC S0 1) =l /N 4 B g P A
Yuan PR, R TE T TR A AR B AR L) A
##t 2 2% (dihydroquercetin) A] #1115 U8 b B 28 il o
NCOA4 A S8k B Mg, M 3 Sio, % S i fiti 4F
Y1k,

AR AR, FHC YT ] NCOA4
I Ak Rk G S A A, BRI 5 e 2 Rk
1 Wik DA S 0T P 24 B RRURR A, X 8 R IR AN [
W RGP BB VR YT T R e SR K -
2.6 KEBEBEFRGER

W9 s, 0% NCOA4 A T 12k @ v % &
OV BE TS, (R0 S R KRR,
LPS X NCOA4 /- 3 ) 8k H Wit (1155 51 FH 2 ik 7
S 175 K 0 JITE 5475 R OGS AL ) 2 — ). NCOA4 A+ &
(R Wi tH 22 5 S0 B 9 R R 5 5 1) I8 PN 3 4
HOBRAE T (1 R

T 225 W FLA% At T (atorvastatin) A 38 3 1]
NCOA4 /1 3 8k B MW % 5 0 B EIR RS 10
Ty R b g 5500 I 82 9807 Sk | M A B 00 )1 R B 2
(nobiletin) 1] '~ NCOA4 55 85 (K ik, MM E 2
TR BRSO BIL G L/ P R 500 P 7R SR R
(melatonin) A8k 2 & 71 22 2k 1% (deferoxamine) & AT i
# T 1l NCOA4 mRNA /K, R PiE 250 &5 R
(doxorubicin) i T ) SO EAI R 45, MR
O EThRE, TG FH 25 5 AR B 5
2.7 NCOA4 T S BEES & R4 KR

NCOA4 A 5 [ 8k H Wi 2 28 R 1 56 1T 4% 4T 4
FE T IS4 2k 0 T 1) S IR B PR 2%, FEAR S 2% A
T, HIF-la i i, A LPS 55 i b Fhie 120 i
BREWR AL TS R R, KGR & 41 25 (auranofin) A]
T HIF-1a KIE, S840 A AT 1
FERER, IR I, X AT RE AR VR TT KR I R
W5 96 F Vi R A R R LA ME I S PR
A7) K % (spermidine) $01 #l] 1/ 25 1B (interleukin-
1B, IL-1B)iFs T AUk HME(FH NCOA4 N T), TRITHCHE
A, AT PRk S AT I T 2 e R BAR
X R, £ X NCOA4 A I7 % 28 R 1t 5%
9 G RGN B A TR AE RN A
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2.8 BREMESH KR

FEAG e B s S5 % 73 BT 18 W]l i % p38-
A B S Sl AEGE, B TRIM21 2%
B /KBS I HERC2 FEA#, {22 NCOA4 /i 3 /I Bk
H Wk LURE TS0 29 Bk, (e gk W 40 i PN 45 4% 00 BT T
A KM i 25 2 0 4 B 1 (heme oxygenase 1,
HMOX 1) X} E W g iy B A7 — R 1ERH , siRNA &
ik HMOXI % R 7T 5 2% $2 /5 40 il A ROS. Fe®" Al
NCOA4 "™, 5l % N Bk 40 f 3% 37 5 4499 (1 75 JE 4%
RVACTIR NI B BRI . N AL B S R VAR
Etf-3 (Ehrlichia translocated factor-3) 5 5% fll /) L #2485
# FTL, 3 NCOA4 /) FHIEK Wi, et HAE 4H
A 5 BEN, A & I R 4 W Dps 82 H (DNA
starvation/stationary phase protection protein) PA ¥ 1%
NCOA4 M F Bk H M, RIGHEMEAKIFIIRE
W 240 L R ZE

1E HAB BRI 7T, Guggisberg 25" I7E/NR B
Wik 2 i R 3774 40 b RO B S R R, LPS AT 40
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NCOA4 ¥ 5% RV K208, FELAG 1 240 it o 1
LRIk, B — D T B B EL A S0 SN
FIIRR, $E78 NCOA4 A 3 8k B s n] F 4 B 1t
BRI YRR (D 9 RE M B I R 38 A% M I £ 2R DU R
VT AEIRIT L R . FEMRERAE EAT T oR, B
41 e 1§ STING CDN 45 & 1 45 #) 35 (CDN-binding
domain, CBD)*F Q237. E316. S322 5 NCOA4 % ih
WER e 445 A4 ek 2 ) PR A B AR FH B 9 NCOA4 A 3 11 8k
EWE; teah, XAAE B AT 9 STING — SRR AG
SEVE, IR RAE R, FFEHIHI NCOA4E AL E
B A 39 5H W) B3E 32 78 a (peroxisome proliferator-
activating receptor o, PPARa) L 15 A I T fE, X
e MEEE I BEH L 2 — 1%

3 DEFRE

£ EPTIR, NCOA4 9 T 1Bk H WAL 2 R IR
I AEHLHI ARG ST Ry A (B E TR 1), B
ARGEER S 35 UG A A Bk B RS SR AT

& 1. NCOA4N-F-49%k B w4 A AR K JE I3 P 694 A AU B 06 77

Table 1. The mechanisms and treatment of NCOA4-mediated ferritinophagy in related diseases

Systems Related diseases Drugs Effects References
Digestive  Intestinal injuries Corilagin Inhibits ischemia-reperfusion-induced ferroptosis 7
system Liver injury Quercetin Down-regulates intracellular iron levels and inhibits el
ferroptosis
Alcoholic liver Quercetin Ameliorates alcohol-induced liver mitochondrial damage P
disease and protects hepatocytes
Silibinin Modulates mitochondrial autophagy and iron metabolism P!
against ethanol and acetaldehyde-induced hepatocyte injury
Non-alcoholic fatty ~ Curcumol Inhibits hepatocyte senescence by inhibiting iron overload ™"
liver disease
Liver fibrosis Oroxylin A Promotes hepatic stellate cell ferroptosis and cellular senes-
Schisandrin B cence, and inhibits activation of hepatic stellate cells into fi- 54
Artesunate broblasts, thereby preventing extracellular matrix (53]
Dihydroartemisinin deposition [56.571
Sorafenib 138, 59]
Liver (cell) cancer Esculetin Promotes NCOA4-mediated ferritinophagy and induces fer- "
Caryophyllene oxide roptosis in liver cancer cells te1]
EChLESs Promotes ferroptosis by enhancing mitochondrial dysfunc-
tion and apoptosis
Anisomycin Promotes ferroptosis in hepatocellular carcinoma cells 1631
Diabetes Cryptochlorogenic  Inhibits ferroptosis to counteract islet injury 1641
acid
Pancreatic cancer Sinoporphyrin Induces ferroptosis and enhances the sensitivity of chemo-
sodium therapeutic agents in pancreatic cancer cells
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Systems Related diseases Drugs Effects References
Urinary Acute kidney injury  Isoliquiritigenin Attenuates mitochondrial damage and inhibits ferroptosis "
system in renal tubules
Diabetic nephropathy Calycosin Inhibits ferroptosis to attenuate diabetes-induced renal tu- ~ 7®
bular injury
Nervous Cognitive Cyclosporin A Inhibits ferroptosis to attenuate neuronal inflammatory in- ~ “*
system impairment Dexmedetomidine jury and methotrexate-induced cognitive impairment [87]
Alzheimer's disease ~ Tetrahydroxy stil- Inhibits neuronal ferroptosis to alleviate Alzheimer's (58]
bene glycoside disease
Respiratory Acute lung injury Astaxanthin Attenuates lipid peroxidation and ferroptosis, and reduces ™
system unstable iron overload in lung epithelial cells
Non-small cell lung  D-borneol and Induces ferroptosis in non-small cell lung cancer cells 2]
cancer cisplatin
Pulmonary fibrosis ~ Dihydroquercetin Inhibits ferroptosis and ameliorates SiO, induced lung fi- (o21
brosis in human bronchial epithelial cells
Circulatory Heart failure Atorvastatin Inhibits ferroptosis, cardiac remodelling, oxidative stress, 7
system and iron overload, and ameliorates isoproterenol-induced
cardiac dysfunction
Myocardial Nobiletin Inhibits ferroptosis and attenuates myocardial ischemia- 8]
ischemia-reperfusion reperfusion injury in type 2 diabetes mellitus
injury
Acute cardiac injury Melatonin and Protects cardiac function by alleviating adriamycin- 91
deferoxamine induced cardiac cell ferroptosis
Immune Rheumatoid arthritis Low dose of Promotes fibroblast-like synovial cell ferroptosis, acceler- !
system synovial hyperplasia auranofin ates inflammation, and reduces synovial proliferation
Rheumatoid arthritis  Spermidine Inhibits ferroptosis and protects cartilage fon

cartilage damage

s RAR RN 2t s B AR ST IE I NCOA4 Nt T
8k B W s Bl ks FERE AL BE B T, S b
B MIBE T, 0.2~0.4 T Fp 4555 i & bt 37 W) ik v
PART 40 B R B 5 B R R A e . DA
X LA 5T 78 A NCOAS M HE 5 H T T2 81 F B
AR AR SR TR a7 RO R RH 7 1

NCOA4 /1 5 18k F W 78 5593 7 o #5 fe] F A
WA G, B, Liu PR I CREE 3 NCOA4 /i
SmegkER, SEOFIESG; M Song ZECUHE AL
N, LEEHINCOA4 AT IR AW, i T AEZE
KR ThaeREng, 4k 50 KRS G . 78 A b Tt
FoH, NCOA4 X PR 1 0 (4 F & A S . 2
T NCOA4E A GRS MEEN, HREHNT5
& 5 1EEE X NCOA4 A= HLE] . NCOA4 T8k H
W (1) 7> F AL . NCOA4 5 FTHI i3 1% 22 7 B 7 (1 7
TIMLA A 5 Fo A B & 42 1 AH B A F O R 2% i fpadk
— B .
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