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Abstract Alzheimer’ s disease (AD) is the most common type of dementia, characterized by progressive
cognitive dysfunction as a primary manifestation of neurodegenerative changes. Regulated cell death, an active
and orderly form of cell demise determined by genetic factors, is ubiquitous during the development of living
organisms and is crucial for maintaining life homeostasis. With extensive research on regulated cell death in AD,
increasing evidence reveals that ferroptosis is closely related to the onset, progression, and outcome of AD. This

article will review the molecular mechanisms of ferroptosis and its regulatory role in AD, providing insights into

potential therapeutic targets for exploring the pathogenesis and treatment of AD.
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FEMLTTHEMEIAT L5 b PRET AR I — R & B A AT
T2, AD B AL RGBT FERE T80 L (R 2 RE
e AC I P A R S48 R AD SB35 (0 AR A7 3R 28 i LTS 22 T2
WIERE

2 REERE

Bl 5 [ N A1 22 E A SEASBIR A R BE T4 UE S5 7E AD AT
A ¥ AR (PAR CRE ST e A B B . R 2 T
AHSCHE R 7E AD HVE FH i A58 B0, M S A -5 1 30 1% ¥ o
508 . W RAIMIPET 76 AD TR T HLE] , YRR AD M AR AT
PETTIRIT LS, P & ST RCD AU AD J7 3k, XTI 7 AD H
EEEPNIERZSHilp=9"88

S 3k
[1] FuchsY, Steller H. Programmed cell death in animal development and
disease[J]. Cell, 2011, 147(4): 742-758.
[2] Bedoui S, Herold MJ, Strasser A. Emerging connectivity of
programmed cell death pathways and its physiological implications[J]. Nat

107

Rev Mol Cell Biol, 2020, 21(11): 678-695.

[3] Green DR. The Coming Decade of Cell Death Research: Five Riddles
[J]. Cell, 2019, 177(5): 1094-1107.

[4] Tsvetkov P, Coy S, Petrova B, et al. Copper induces cell death by
targeting lipoylated TCA cycle proteins[J]. Science, 2022, 375(6586):
1254-1261.

[5] Ballard C, Gauthier S, Corbett A, et al. Alzheimer’ s disease[J].
Lancet, 2011, 377(9770): 1019-1031.

[6] HHARBE A MG F o3 SR S IR A2 B 7R PR YR
BEENHIRASSYT P & AL 2021(0]. shAERZ R4, 2022, 55(5):
421-440.

[7] SBH, BRIRGHE, A, 5. Bk 1 SR A e B JR 21 B A pIL i v v
VERIWTSERE ). TP 2 RHEE A, 2022, 25(3): 373-379.

[8] Dixon SJ, Lemberg KM, Lamprecht MR, et al. Ferroptosis: an
iron-dependent form of nonapoptotic cell death[J]. Cell, 2012, 149(5):
1060-1072.

[9] Tang D, Chen X, Kang R, et al. Ferroptosis: molecular mechanisms
and health implications[J]. Cell Res, 2021, 31(2): 107-125.

[10] LiJ, Cao F, Yin HL, et al. Ferroptosis: past, present and future[J]. Cell
Death Dis, 2020, 11(2): 88.

[11] Dolma S, Lessnick SL, Hahn WC, et al. Identification of
genotype-selective antitumor agents using synthetic lethal chemical
screening in engineered human tumor cells[J]. Cancer Cell, 2003, 3(3):
285-296.

[12] Galluzzi L, Vitale I, Aaronson SA, et al. Molecular mechanisms of
cell death: recommendations of the Nomenclature Committee on Cell
Death 2018[J]. Cell Death Differ, 2018, 25(3): 486-541.

[13] Xie Y, Hou W, Song X, et al. Ferroptosis: process and function[J].
Cell Death Differ, 2016, 23(3): 369-379.

[14] BRORAFE, DU, TEAAER. ANMAET 5 45 ElA s - FRAE TS | B A
FETI[I]. AR AMRL R, 2022, 39(3): 409-417.

[15] Lei P, Bai T, Sun Y. Mechanisms of Ferroptosis and Relations With
Regulated Cell Death: A Review[J]. Front Physiol, 2019, 10: 139.

[16] Chen X, Li J, Kang R, et al. Ferroptosis: machinery and regulation[J].
Autophagy, 2021, 17(9): 2054-2081.

[17] Zheng J, Conrad M. The Metabolic Underpinnings of Ferroptosis[J].
Cell Metab, 2020, 32(6): 920-937.

[18] Ryu MS, Zhang D, Protchenko O, et al. PCBP1 and NCOA4 regulate
erythroid iron storage and heme biosynthesis[J]. J Clin Invest, 2017, 127
(5): 1786-1797.

[19] Shang Y, Luo M, Yao F, et al. Ceruloplasmin suppresses ferroptosis by
regulating iron homeostasis in hepatocellular carcinoma cells[J]. Cell
Signal, 2020, 72: 109633.

[20] Lei G, Zhuang L, Gan B. Targeting ferroptosis as a vulnerability in
cancer[J]. Nat Rev Cancer, 2022, 22(7): 381-396.

[21] Yan HF, Zou T, Tuo QZ, et al. Ferroptosis: mechanisms and links with
diseases[J]. Signal Transduct Target Ther, 2021, 6(1): 49.

[22] Yang WS, Sriramaratnam R, Welsch ME, et al. Regulation of
ferroptotic cancer cell death by GPX4[J]. Cell, 2014, 156(1-2): 317-331.
[23] Ingold I, Berndt C, Schmitt S, et al. Selenium Ultilization by GPX4 Is
Required to Prevent Hydroperoxide-Induced Ferroptosis[J]. Cell, 2018, 172
(3): 409-422.

[24] Xue Q, Yan D, Chen X, et al. Copper-dependent autophagic
degradation of GPX4 drives ferroptosis[J]. Autophagy, 2023, 19(7):
1982-1996.

[25] Yan N, Zhang J. Iron Metabolism, Ferroptosis, and the Links With
Alzheimer’s Disease[J]. Frontiers in Neuroscience, 2020, 13: 1443,

[26] Lee JH, Lee MS. Brain Iron Accumulation in Atypical Parkinsonian
Syndromes: in vivo MRI Evidences for Distinctive Patterns[J]. Front
Neurol, 2019, 10: 74.

[27] Bulk M, Kenkhuis B, van der Graaf L M, et al. Postmortem T2*-
Weighted MRI Imaging of Cortical Iron Reflects Severity of Alzheimer’ s
Disease[J]. J Alzheimers Dis, 2018, 65(4): 1125-1137.

[28] Kwiatek-Majkusiak J, Dickson DW, Tacik P, et al. Relationships
between typical histopathological hallmarks and the ferritin in the
hippocampus from patients with Alzheimer's disease[J]. Acta Neurobiol
Exp (Wars), 2015, 75(4): 391-398.



108 Neural Injury And Functional Reconstruction, February 2024, Vol.19, No.2

[29] Lei J, Chen Z, Song S, et al. Insight Into the Role of Ferroptosis in
Non-neoplastic Neurological Diseases[J]. Front Cell Neurosci, 2020, 14:
231.

[30] Rogers JT, Lahiri DK. Metal and inflammatory targets for Alzheimer’
s disease[J]. Curr Drug Targets, 2004, 5(6): 535-551.

[31] Dare LR, Garcia A, Soares CB, et al. The Reversal of Memory
Deficits in an Alzheimer's Disease Model Using Physical and Cognitive
Exercise[J]. Front Behav Neurosci, 2020, 14: 152.

[32] Hambright WS, Fonseca RS, Chen L, et al. Ablation of ferroptosis
regulator glutathione peroxidase 4 in forebrain neurons promotes cognitive
impairment and neurodegeneration[J]. Redox Biol, 2017, 12: 8-17.

[33] Zhang L, Liu W, Liu F, et al. IMCA Induces Ferroptosis Mediated by
SLC7AI1l through the AMPK/mTOR Pathway in Colorectal Cancer[J].
Oxid Med Cell Longev, 2020, 2020: 1675613.

[34] Ryu JC, Zimmer ER, Rosa-Neto P, et al. Consequences of Metabolic
Disruption in Alzheimer's Disease Pathology[J]. Neurotherapeutics, 2019,
16(3): 600-610.

[35] Butterfield DA, Boyd-Kimball D. Oxidative Stress, Amyloid-beta
Peptide, and Altered Key Molecular Pathways in the Pathogenesis and
Progression of Alzheimer’ s Disease[J]. J Alzheimers Dis, 2018, 62(3):
1345-1367.

[36] Han J, Park H, Maharana C, et al. Alzheimer’ s disease-causing
presenilin-1 mutations have deleterious effects on mitochondrial function
[J]. Theranostics, 2021, 11(18): 8855-8873.

[37] Wang C, Cai X, Wang R, et al. Neuroprotective effects of
verbascoside against Alzheimer's disease via the relief of endoplasmic
reticulum stress in Abeta-exposed U251 cells and APP/PS1 mice[J]. J
Neuroinflammation, 2020, 17(1): 309.

[38] Kapralov AA, Yang Q, Dar HH, et al. Redox lipid reprogramming
commands susceptibility of macrophages and microglia to ferroptotic death
[J]. Nat Chem Biol, 2020, 16(3): 278-290.

[39] Bok E, Leem E, Lee BR, et al. Role of the Lipid Membrane and
Membrane Proteins in Tau Pathology[J]. Front Cell Dev Biol, 2021, 9:
653815.

[40] Kawarabayashi T, Shoji M, Younkin LH, et al. Dimeric amyloid beta
protein rapidly accumulates in lipid rafts followed by apolipoprotein E and

phosphorylated tau accumulation in the Tg2576 mouse model of Alzheimer
’s disease[J]. J Neurosci, 2004, 24(15): 3801-3809.
[41] King ME, Gamblin TC, Kuret J, et al. Differential assembly of human
tau isoforms in the presence of arachidonic acid[J]. J Neurochem, 2000, 74
(4): 1749-1757.
[42] Zhang YH, Wang DW, Xu SF, et al. alpha-Lipoic acid improves
abnormal behavior by mitigation of oxidative stress, inflammation,
ferroptosis, and tauopathy in P301S Tau transgenic mice[J]. Redox Biol,
2018, 14: 535-548.
[43] Ma S, Henson ES, Chen Y, et al. Ferroptosis is induced following
siramesine and lapatinib treatment of breast cancer cells[J]. Cell Death
Dis, 2016, 7: €2307.
[44] Basuli D, Tesfay L, Deng Z, et al. Iron addiction: a novel therapeutic
target in ovarian cancer[J]. Oncogene, 2017, 36(29): 4089-4099.
[45] Hambright WS, Fonseca RS, Chen L, et al. Ablation of ferroptosis
regulator glutathione peroxidase 4 in forebrain neurons promotes cognitive
impairment and neurodegeneration[J]. Redox Biol, 2017, 12: 8-17.
[46] Speer RE, Karuppagounder SS, Basso M, et al. Hypoxia-inducible
factor prolyl hydroxylases as targets for neuroprotection by “antioxidant”
metal chelators: From ferroptosis to stroke[J]. Free Radic Biol Med, 2013,
62:26-36.
[47] KU FRHa, 785, A i P E SRR SO BRI SE R (1], e
BAEBERRIE, 2021, 40(4): 424-427.
[48] Ayton S, Faux NG, Bush Al Ferritin levels in the cerebrospinal fluid
predict Alzheimer's disease outcomes and are regulated by APOE[J]. Nat
Commun, 2015, 6: 6760.
[49] Goozee K, Chatterjee P, James I, et al. Elevated plasma ferritin in
elderly individuals with high neocortical amyloid-beta load[J]. Mol
Psychiatry, 2018, 23(8): 1807-1812.
[50] Li X, Zhang J, Li D, et al. Astrocytic ApoE reprograms neuronal
cholesterol metabolism and histone-acetylation-mediated memory[J].
Neuron, 2021, 109(6): 957-970.
[51] Shi Y, Yamada K, Liddelow SA, et al. ApoE4 markedly exacerbates
tau-mediated neurodegeneration in a mouse model of tauopathy[J]. Nature,
2017, 549(7673): 523-527.

(A S G« FHI )

ALEANEAEANE A A KAt EA E A LAt Eat Fal Fal L at lal al Al Lal Uat Lalt YAl Fal Vat Lat Al Fal Yat Lot Al Fal Fal Lot Al KAl Fal Lot Falt Fal Fal Fat Fal Fal Fal U at Fat Fal Fal Fal Lat Fal Fal Fal Uat Fal Fal Fal Fat al YAl Fal Fat Pal ¥ al Y

(L4255 8011)

[16] Candelario-Jalil E, Dijkhuizen R M, Magnus T. Neuroinflammation,
Stroke, Blood-Brain Barrier Dysfunction, and Imaging Modalities[J].
Stroke, 2022, 53(5): 1473-1486.

[17] Gerhartl A, Hahn K, Neuhoff A, et al. Hydroxyethylstarch (130/0.4)
tightens the blood-brain barrier in vitro[J]. Brain Res, 2020, 1727: 146560.
[18] DM, BREAL, S8R, 55, AR FTR AR S A7 BRI X AR B
P I A8 78 P A 1T S 2R O AR BE I Zh RE AN AR A 1 SR (0], T

REE2#, 2017, 38(8): 1264-1267.

[19] Jawad I, Bin TH, Irfan M, et al. Dietary Supplementation of Microbial
Dextran and Inulin Exerts Hypocholesterolemic Effects and Modulates
Gut Microbiota in BALB/c Mice Models[J]. Int J Mol Sci, 2023, 24(6):
5314.

[20] HE A, A BTE A DA A I 15 e 57 B PR 3R B M1
AR P AR R [T]. VTR R 225 4 (B2 AR), 2017, 27(6): 522-525.

(AR it - )



