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Research progress on ferroptosis mediated by ferritinophagy in Alzheimer’s
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Abstract: Alzheimer's disease (AD), the leading age-related neurodegenerative dementia, is defined by cognitive decline, -
amyloid (AB) plaques deposit, and neurofibrillary tangles (NFTs) from hyperphosphorylated tau. Despite extensive research,
its pathogenesis remains unclear, and no disease-modifying therapies exist. Ferritinophagy, a selective autophagy regulating
iron homeostasis via nuclear receptor coactivator 4 (NCOA4)-dependent ferritin degradation, is a key upstream regulator of
ferroptosis, an iron-driven programmed cell death caused by lipid peroxidation and reactive oxygen species (ROS)
accumulation. Mounting evidence links dysregulated ferritinophagy and ferroptosis to AD’s pathological cascades. This
review synthesizes their molecular mechanisms, crosstalk with AD, and therapeutic potential, providing a framework for
future research. AD’s core pathologies and hypotheses (AP, tau, neuroinflammation, mitochondrial dysfunction) highlight
iron imbalance and ferroptosis as critical contributors. Ferroptosis is driven by free Fe?'-catalyzed Fenton reactions,
generating ROS and lethal lipid peroxidation. The glutathione (GSH)-glutathione peroxidase 4 (GPX4) axis is central:
GPX4 suppresses ferroptosis by reducing lipid peroxides, with natural compounds like icariin-astragaloside I'V-puerarin
mixture and Bingchang Powder modulating this axis in AD models. Ferritinophagy maintains iron homeostasis
physiologically: NCOA4 binds ferritin heavy chain 1 (FTH1), forming a complex degraded via autophagosome-lysosome
fusion to release iron. Pathologically, disrupted ferritinophagy causes Fe*" overload and ferroptosis. Key regulators include
E3 ubiquitin ligase HERC2 (modulating NCOA4 stability) and the iron-responsive element (IRE)-iron regulatory protein
(IRP) system (regulating FTH1 transcription). In AD, brain iron deposition enhances ferritinophagy, leading to iron overload.
Excess iron promotes A overproduction via amyloid precursor protein (APP) processing interference and accelerates tau
hyperphosphorylation via glycogen synthase kinase-3f (GSK-3p) activation. Ferroptotic neuronal death exacerbates
neuroinflammation, forming a vicious cycle. AD risk factors like APOEe4 (activating PI3K/AKT to alter autophagic flux) and
cellular senescence (impairing ferritinophagy) further dysregulate this pathway. Potential therapeutic targets include JWA,

s BHEA :2025-09-06; 1&[E HHA:2025-11-09

E£W A BEEARFEIE T H (81803935); b A AR AL 411 H (H2023423009) ; 11044 4 K BHE1141(223777145D) 5
[bAs v B 2445 H1R IR ABE (202407 8) 5 ATl i 8 24 R 2 e X X 25T 830 H (YZZ Y 2022001)

*1@{E1E& : E-mail: dongxianhuitj@126.com;Tel: 0311-89926252



TR, 55 Bk A WA S RRIE T AR B R SRR T BBt

871

transmembrane protein 164 (TMEM164), and ELAVLI1. Dysregulated ferritinophagy-mediated ferroptosis is a pivotal AD

pathogenic target. Unresolved questions include AP/tau’s regulatory mechanisms on ferritinophagy, HERC2-
FTHI1 competitive binding to NCOA4, and NCOA4-CD63-mediated ferritin secretion. Future research should validate
these mechanisms using AD models and clinical specimens, develop specific ferritinophagy modulators (small molecules,

traditional Chinese medicine), and explore nanocarrier-based targeted delivery. Elucidating crosstalk with other AD pathways

and establishing relevant biomarkers will enable combination therapies. Targeting this pathway shows considerable potential

for the treatment of Alzheimer's disease and warrants further translational investigation.
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Bi] /R 9% 1 R (Alzheimer’s disease, AD) &
XA 22 RGEARATYEGE N , 2 H WL AR PRI R 2
RO RRIE R HEA TR T B BIER R R
(B-amyloid peptide, AB)BEH TR At BE R Ak 1Y
8 A ¢ 25 M (microtubule-associated protein tau,
tau) G AE 51 & M2 £ 4k 95 25 (neurofibrillary
tangles, NFTs) , H &AL % A 56 28, BT
NI 200G ABEUL | tau ik 1 BCUE  IEBRRE B U A
ZARE SRR R T fepaig s . HUWADLLIZE
18 i I g RE AR IR R B, Sl 1 NN 2 A
P 25 21 Y g0 25 o B B o3 A, e B AR SR i
ERIEAT Pl

BRAET & — PP R PR A T, Fh 4 i v g 5T
ALY FITE PE %A (reactive oxygen species, ROS)id
JER R R . BEAFRBIER , R 2 R 253
M2 BATPEROT IR P e 2B AT PG L
i DX R DTRR T Ay ™ o, W] S B AR N R A 22 T
AN

ADYR L HF R 5 8RR R S Bk AE T % V1A
S0 AE ADKIR A BELR /)N 5 20 B R A 245 1)

Mot BRI BT ik kA Ok i 5
WIRHPL R RS RERERT , 345 AD KR B %
S BRIET AT 4- 2 3 T B (4-hydroxy-
2-nonenal ,4-HNE ) 7£ AD H3f 15 7= 4= AR £F 2k Fifif
R LT HE gL AR S S 1

Bk A WEE SEICT AR AT, SO AL S R
UK EFe™, SN A PG ER , F SPSET R L
Bk A T DSE I R A N Fe® RO A RSB T Y
R GO ISR L B, 25 W R R
I ZOBAT IR . A SO Bk E WML Lk
H WS ERIET 19 5 R DLk A W fE AD B /E AR
—ZER I AR YY ADSEALHE S R U

1 %R TEADAFHEERFILF

YUK IO T () T B SRR I SRR Y Ui
WL SN An i, AR AR R A R A
e H A 2L . ROS R KR it Ak , Horb g i
i SRR T 52 L £ ) S — 3RO,
RO A 4 P ot 3 B Fe® 1 3t 2505 (Fenton) [
N 7= A S EROS 5 & g i Ak =X s, AR
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2 L PN ) AR A IR ST A, S BT B A AR HEARD
PR AN e R, e | R e T
1.1 SRIET RIS &

e H K (glutathione , GSH) -7 bt H ikid &AL
Y4 (glutathione peroxidase 4, GPX4)fli7E FR il J5 5t
EAh R E AN, IRt A KRB E R
FOEACOF R RIE T B S FEIE R R
BT, MR 2 R/ 2R S 1) % 12 4 (cystine/
glutamate antiporter, System Xc~) FH 53 PRI 45 Ji 2 AR
FWETH G111 (solute carrier family 7 member 11,
SLC7A11) T , 1 System Xc#EA4HHLIY,
TN 2R Jir A D P Ak il Es b3l
IEEIy — % H R B MR (nicotinamide adenine dinucleotide
phosphate , NADPH ) i 4E F T 9 i J2 4y > e 22
GSHZ HH A 28 M R A H 2 R 2H i) — ik Ak
B, PR G U OGS R, Rl GSSH L
TENAPDHIIE I T 8 5O GSH. GSH-GPX 44
520 i PN ) R SR R B2, GPX4 LA GSH I B
P B Ay i~ R B A oot Ak 348 i T B
JoEE , g/ i A AL R AR, BELT A i R A =
N, T ERFE T A A o

GSHARAS 19 GPX 4 ) PR 7 I 15 22 TR AL T
A EEAEN . ATk RBRGP X4 A T
Hig P A AL A N ROSHY R 3R | Fe & T 50
ZRICERIET . IESEGP X4 & P 28 A B R A T 1) S5
PR B A AT LAy R B A
iR 12 R A AL S NS R B2 1) 23k , e #EGSH
B, R IR TURR 4 CE BORT LA B T2
AHIE K F-2 (nuclear factor erythroid 2-related factor 2,
NRF2)/Ifl£1 % H4 -1 (heme oxygenase-1,HO-1 )3
%, HEIMGPX4RY KA , il 1t 1 il Keap 1 K #NRF2
AR S I , T R SLCTA 1 B R 1A I 2 GSH
2 i AT RO sE T
1.2 ADHHIERIET

TEAD AL R, Bl oC A0 A N A Bl SR A
AP T BRI AL R A BT A K e [N
Z U7 gkAT LB S MR RT A E 1 (amyloid
precursor protein, APP) A HAEH , 1l o5 Ak 2 1
(furin) (5K , T furin i 25 24/ APP ) o- 73 W6 Bt 11 B-
O3 VAT , o= VA AR ], B- 53 DA Tl 8 KT 5 [T I
ROSHENNT | A& B A A AT LK B-47 WA 1 (beta-
secretase 1,BACE1),BACE1/&ARH: LAY ICHERE , fi

KA HEAPPSHIN T ABLE U £, S BUR fil i 4
AT REIGE 'S ABRITTA AT RE S T A4
TEHRRRACHS, 51 A L N R 2, i — D38 ke
TR A RS

BRAET 5 tau AU IR LRI FE B A OC o 0l i
& -3 B (glycogen synthase kinase-3B,GSK-3B)
T A R tau S8 2o BE IR A e PR, Bk T AT LA ik
BOE GSK-3 PN il AR b au R 40 R
() tawdig B 5 P 28R A T PR BB B Rk T R R
YIAHSG , gk AT DL ik 30 22 A e tauast BE W R 10 1Y
VA, SRR AR 1 T R 2 ATE M PR tau R IR 1L
HERR 20D g A P Bk TR N 5 4 M Ak B
FHEAE, SL RIS AD Y & A & R o

TEADH, BRIET- B AR B Ui K i R 25
SIURRAE , JAE 1 IR R S R AR R AT T,
TERCEMEIEIA . T ATT LA o 4 2R 1= DA K
ViR B RIEADIRAMEM . 25 L BIET-5AD
() R0 B BTG & R BEANRT 43 I BRIE T B iR AD
1) H LR

2 HREEEHRIETH ERFREE

2.1 SRERHZEYH

Bk A MR RRAE T A LU RS HLE], FH Mancias
A0 144 T AR Y, S —FH ANCOA4 Ny 3Z 1
ISR I RERRE AW, UL TR 8 AN D
FEEZ A, FEIER ST ,NCOA4 5 M FE
S EIENE G, ZE Y AR ERS
VEBARRL G | S 2R R R R ™, A A P AR
Ao PEAZHMANEAARN FEED, HFEH
4% (ferritin heavy chain, FTH) fl3%4% (ferritin light
chain, FTL)ZH i%.. NCOA4K FAF1E L5 5748 5+
7, HNCOA4af Coi A 22145 G FTHRYNL 51,
HHESREL AR MNCOA4-FTHIE AW . AN
KFE[H (autophagy-related gene, ATG) | H W2 A5
IR UARARAE I 7 1 W £ 1 BE , ATGSFE 2R
F 5 8 AH 56 2 (1 132%% 3 (microtubule-associated
protein 1 light chain 3,LC3) H AR 25 15 1k M 5
AAIEARILC3-1; AWR(E St D & 5, LC3-17E
ZMATGE AR EET , 58RI O Bk
ETE BN HILC3-11, LC3-1I4 Stk e o T M
FRAEIX R, 2 5 A WA S AR U ARG, Uhin]
FI AR A FENCOA4-FTHIE A7 , A2 iF 2k 2 1 i [
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fRFIF e RN, 52 0B F e 24 R LR AT,
Bk A WA T, AR N T 2 U B e R TR R
TR, | AR AR A A, T S AR DT 4 B I &2 £E Fenton
RN, T3ROS K & B, GSH-GPX 45 %5 A fbid
S RACE , S S FE A N R AR, i
RERIET
2.2 HBEANCOA4KF 2K B A X5
NCOA4HE FITERR A Mgk 45 GV E R, LA A
KP5S8k A Wil VA OC . E3 2 RiE M
HERC2(HECT and RLD domain containing protein
2) AN NCOA4 KPR CE 1, AN
#Ef v 408 CPH( Cullin-7-PARC-HERC2) 5INBD
(BRI FINCOA4 25550 ) A~ SR T g Xl
NCOA4/HERC2%45 41 (HBD) 1] 454 2Fe-2S %,
TZLE AR Ay vie) 157 40 i N R 5 A8 AR 1 O, A
FNCOA4 SHERC2I R MELE G o Al NS
R, NCOA4 52Fe-2SHELE A, 138 1 AU A5,
1A S HERC2 P A S5 #4 BlAH BLAE HT : NCOA4
HBD [N 45 A 2Fe-2SH i , k4 S HERC2 /Y

INBDZ5F 45 A s HCuii 4545 A HERC2 (1) CPHEAS
PR R P kS R R, B AR A A
AN 2Fe-2SHERINCOA4TC B HER C24 #50R 1,
NCOA4F & [T, i — 215 34k H g DU T4 g
K20

E372 RIE4EHFTRIM21 (tripartite motif-containing
protein 21) 272 GEAZ N MIHER C2455E 1 2 IR 571
BUEERER, ¥z R iEH R HERC2 , 5
12 ZALHERC2H 55 [l 5P AH G 10 & B4l # 3o, ffi L
R ENCOALLE G INRE ST o 40 N 5E 2 B,
HERC25NCOA4Z5 A 19, AL FINCOA4 75 10
b SFTHIZS G085, e A T b 244
Ji PN e R B, NCOA4 S5 FTH1 S5 41 i, Bl o
L EFe’, SHERC245 G085 (K1) . BT, 5
NCOA4%5 G HHERC2 5FTHLX 4 H T 2 [A] 2 75
FETESE R R, AR
2.3 AEFTHIHEXEF

E A mRNA FI 56 885 (1 32 1K (transferrin
receptor, TFR)mRNA | )& 4 8k )2 i 7614 (iron-

CCIC IO OC I I OC O
18:9:4:3:8:8:9.9:9:9.¢

/ Iron overload

Fenton

Bl kBENSRIETESER
Fe' SRR 45 BB U A1), 03 6 AR 2 AR e A 5 76428 11 10 S ke AR O b O VR R R B
Fe’ I AT HRAR 111 I s ZERRBIZ RS, Bk A WAL T8 R3S  NCOA4 SFTHISS S TE WUE A1, i 1 V- B R e 2, B
iR Fe®, ARl B Fe 51 R A N B4, R A SRS AT, 25 K IEROS , 2 5 iR T AL B, i s S L AR S 1 %
HERIET .

Figure 1 Ferroptosis signaling pathway mediated by ferritinophagy

Fe?* binds to transferrin to form a complex, which is oxidized to Fe** by the ferroxidase active center of ferritin via transferrin
receptor and stored in ferritin; under iron deficiency, ferritinophagy is activated, and NCOA4 binds to FTH1 to form a complex that is
encapsulated by autophagolysosomes, releasing free Fe?*. A large amount of free Fe** induces intracellular iron overload, triggers the
Fenton reaction, generates a large amount of ROS, participates in the lipid peroxidation process, and the accumulation of lipid
peroxides induces cellular ferroptosis.
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responsive element,IRE)J¥51%), IRE58k475 %
F (iron regulatory protein, IRP) 454 Al J&#EFTH1
BRI FRIR . TEH AN A R I, B T HIRPL
S5 G EEEAR , LA T IOIE IR, Jek SRk
FHmRNA FWIRES &, MK IE % 45 &
FTH1 mRNAF 2 sh 8%, FTHIZE 4 s, 5
FTLAL S I RE MR 1, 2B G LN 2 R

Y0 LA TR Z RSB IRP1-BR A7 L A 2
JEBOE , SIREEE G, SRR S
mRNARZE S IHIFTHT mRNARENF, (e 2k
FURE I 229 25 4% ; [A] i, IRP 5 TR mRNA 3'UTR
FAIREZS A, B2 TR mRNA, By 1 H A, {3
FrL BH IR, 5 S5O M 2% 1 R AR 1 Az AR R R B
HEOTR AN MU O BE /) . IRE-IRPIE i PR 5 2k 2 1
TR L MNCOA4SFTHIMZ & Ak,
NRF2HIBTB-CNCIH JE P18 H (BTB domain and
CNC homolog 1,BACHI1){EFTH1¥#5 shEH5 i
Y Fl——NRF23 & FTH (%% 5% , BACH 1 41 3
g B0,
24 PEHKBENTSKIET

RELUBT [ i = B IFENC O A4 1) 2 3k T4 2k 19 e,
TH B 20 B P AR B RN ROS I R 2 kit 6 240 it
BRAET . FEMS MR ZE PR B LR NCO A4 {4
A FTER P9I Rl AT O R G P X 4 R AR A S A0 T
12030320 R Lo AR T DR TS TR AT A 5
NCOA4 mRNARJZRIA , S8 1 g A2 i 2k ot
71334 B3y7 2% HHFHECW 1 (homologous to E6-
AP carboxyl-terminal domain and C2 region
containing 1) A DL 15 % S ] K ZNF 35052 i)
NCOA4 mRNAH; 5%, RNCOA47= A= 1 [ 15 VE
Aol BB AR i 2 A AR FE T3S L N I R T 3
I IRTTNCOA4S T TR ER F W5t , 190 i 28 BT pf 28 o6 48
MERFET, 3 Z M REM 2 P . EIRAZ
o Rz Rt 2 Bz RS PR K 14
FIR BB A R IENCOAL/K - LI P 2 0 52
B AWEN FEBRIET-T ENRTE PRI G A
FERCAY b fR R AT DLREAIRLC3II/LC3T (M558 1 i
T AERAE ) F 2 R FTHAG R A, i il 4k
W, kA P Fe® BB R RIS 3 INGP XA ik
RV ICT- VRIS, EiRBFSE R, NCOA4
IS AR A EAE T T A I N AR S AN T b A
FEPAER, Sl PRk A WA IR T B R

ADSRBE T 5 1]

3 SBEEEADRIER

3.1 $EEFIEAD

B A WEA T IR IO T R P 2R AT R 1
HEEUR ML Z — , NCOA4N S04k B Wi S 19 2k
FET T B I 5 7T AN ADJR L FR 300 4Tz
WF5E K& BRADHAFAERAE T, Ho & A A ELARBILED i
I

JEFE 28 5 HE (APOE ) il A 30k 4k A W5
IIET- S E ADIN I I RERE % . APOEJ2—Fh
34 kDafW g BT s bR 1, Ho A FE R AAAE — R I
WAL, Horh  #R I8 I E-e4 (APOEe4) Z5Av H: K 2 AD
FOR AL MG I I R 140 APOEe4 3% I 5 1Y ki
H & (CSF) " APOESE [ 7 & I AL, Mk A F1 7K
IR S T, BN IS AT B DR ik 67 e Sk R
SR ADRYREEERE . N ArFHLEIRF , APOES
F ] 38 i S PISK/AK TH# %, FIRLC3I/LC3IF R,
PR 7 g, T 3k A R AT T T B AR AR A 1 g S
A, EZADIEE Y ADAEBS SRR T
B A WEEADERIE T KA I EEAE A, i ds
ADHFAEA IR ES (W REWE AR AIltausE FIBR S ) LI
FiEE R F A WD) RERE AR LS, B Rtk =, IR
AR PN IE AR AT R 5 R RS A A , I 20
PN B S T M & kT2

WA R B R R ADRY E R
MM 2 IR R R BN, X — 5 iR 32 4
(R4 E WK Bl——k F W2 458 Tk 4 it R AR
AN P LC3-TIRE AL R, A5 E TR 32 A i 2 4
Z, MMM F W E B E T [N, 2k
P B3 A% 32 400 (A0l TR Tk B v, o o e - 3
L PN K TR BT B ol R 2 A B A T R R R
Z PSRRI RS X BRAE T AT = T
Yo SR AT ST R 4 2B B A — PR
b PrampE L HUR AR B R F, T LA aE Rt T
JANCOA4ZRIR K-, e EEk 17 5 DA T 175 3 2 At
BRAET T B s A, [ i 2 Bl A
KA RERAET

ADZ Kk THAEN , LM BRI T 1 4L
PRI R A RIE T B (i — 254 Tt L Al A
RE RN R L BRI EL T 5 & — R PR
S5RME, Bk AVETEAD R R R EVER , VR 2k A 1
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H R ADBTVA B
3.2 RSB EXEADIAMNINEEREB RS ENLH
B SC gt o 2B, 7E 1A 42 A% 9% (Parkinson’s
disease , PD) I rpr | JWASRE R vl IHIFTH1 B9 235 ,
BELIEFTHI AR BHA S 07, 3 SFTH13E 4" NCOA4H)
Sl A, , ST 1 ] A3 o) 4 L P Bk 7k
R B T KT e LA st T kA, |
HIJWARE PR 5 50T HoAth A 56 B 7 14 S B v N B
1, HA SRR PR A 2R A TR A s, e
FEVETE AD R A A S BIRIET T SRR AR
164( TMEM164) 2848 1 1 1E [7) 38 5 R 1, Hol i
PEREETR T GPXAE R f% , 2 5FTHIL g & LC3
(IE B, 7E N8 i SR A ad B2 Hh 3 3 F WA B, AT
TE 1 WA P Bk S8 T R B 0
TMEM 164117 A= AL K HHARAE F #6452 i R 58 4
B, T BE— R IT . IR PRAISTEE 1T Bk AR
KEHELAVLIE Z KA a2 m kA, Y
MAPK{F 538 % 25 UIAH G, 1Mi%38 B [R5 AD Y &
e R JRAFAE BB R, N ILELAVL I ATV i ADVE LE
RIS I — P TR AR -

4 BENRE

M, ADSUSAT IHAFTE 1 2 EAH R 238 1Y
J7 1), FEEEHR R AD I &Ll A B 48 7 25 R vk
Z B TEEE 2, B B AD SR B B 4 Rl % 3t
Fe, NI T 4 T HEGA R AD , 31 F & 2400 15 B Bz
BIT

Bk 1 W it Z AR ARIEAD Y R IR , Ak
-0 RN . 1B AR T ,NCOA4s
FTHURR SR ZE & 1 FVER, B WA S5 i w4 AH AR
F, B AR R IR R, R AN Nk Fa s 0
FRFIAE O | X — P25 L T Bean i P ke 2k, ki
Sl REIET: . NCOA4R] L5 CD63 5 45 &k ik i
% ASMIAMA , B A4 2% 22 4t bl B bR &
LA 0] LAVE R 2k B W ke SE AL, B A
FHH MAh, 6 FHERC2 SFTHI Z i) 354
FRIIRFEE LR AT R R IOT , 40 ) 3
SR HERC2Z IR 18 4 il [ Wi & , 5l v] s 2 4 i
BRACT- R R IEZE ADJER o 4 K Jokr 5K A #E [n)
BRACT 1 25 1 sl 28 77 R AR L T B TR T
MG . LE BRI I T S B, B B 2536 35 R 4E
GDMCN2 A #EHF 8 [1R YT 250 , 768 7 T ol &

Y1 i e 7 AR A0, PG LC 3R VA AR B I 7
NCOA4MH BN T 7 5 H g Haoik kst

Bk A BEN I T THLE G R A
BT BEAEAR KRR LA A B, LR HAEAD
IR B B RN , iR i — 2D E . Bk A Wi
FERFET-VE A ADBFIE B3R S B 6 AD R HT 5 1]
URZAL T & R AT, A Sl ok X8k 1 AR S F 5T it
TR g, A B i P — MR AR R BT
B
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