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Mechanisms of ferroptosis and its involvement in
Parkinson's disease
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Abstract: Ferroptosis is a novel type of regulated cell death with morphology, biochemistry and mechanisms
differing from traditional cell death types such as apoptosis, necrosis and pyroptosis. The regulatory mechanisms of
ferroptosis mainly involve iron metabolism, amino acid metabolism and lipid metabolism. It has been found that
ferroptosis plays a key role in the pathogenesis of diseases including neurodegenerative diseases, malignant tumors
and ischemic reperfusion injury. Parkinson's disease (PD) is one of the most common neurodegenerative diseases
and its etiology and pathogenesis remains unclear. Recent studies revealed that ferroptosis might be involved in the
pathogenesis of PD, as evidenced by high iron content, depletion of reduced form of glutathione and elevated
levels of lipid peroxides detectable in the midbrain of PD patients. Both in vitro and in vivo models of PD have
shown that some ferroptosis inhibitors have the ability of attenuating the symptoms and one iron chelator is
undergoing a clinic trial. We here summarize the mechanisms of ferroptosis and its association with PD, in an effort
to suggest potential novel targets for therapies of PD.
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Table 1

S ARFEHLHIA AR R o SR HEAH B om0 2 6 A4 B 525
#3451, (permeability transition pore complex, PTPC) T
TR R AR BE T () 4 A AE: £ Bl GSH S = K 41k
JIE 138G 22 5 28 i O BB AR T 5% 38 % D (cyclophilin D,
CYPD) 375, 18k AT 1 3% 5 2 A L & L IR AX
WA R A 2 DA O .
1.2 SRIETIEEAE

WFFE R IR AE T B PR P ) 56 4 A 5] T HoAth 41
HETo 77 20, REOAT 70 N BRARHS = R R A g o 4R 44
3R
121 KB SRWT NSRS TS AW EE K
fR A SRR O RSB T A TR . IR LA
FI AL FE Bk s B o &5 & 85 11 2 (iron responsive element
binding protein 2, IREB2). ¥4 2k & (4 (transferrin, Tf). %%
Bk A 32 A& (transferrin receptor, TfR). 4% 52 14 %l 4 1%
£E H 4 (nuclear receptor coactivator 4, NCOA4) & — 4y
4 J& #1244 1 (divalent metal transporter 1, DMT1) %%,
T H PR R i B e R T T A Ak B 1 ERLAR
KA E T, i 2 MR T H N & 33U AHC
3% M4 (reactive oxygen species, ROS) 1 % | i &1k i
R, N FEEIE T R A . REEA S RSRE
FI 2 AR 455 5 r A0 A R 2k s AR A, (R
TSR A 2, TR &k BEAK AT #)1 i erastin 1)
TR 37 o 5 77 2 v 1 TR D)2 0 A1) &4 R T T I R
AN B RN, K IREB2 £k &5 S 5HIEA
Feia B MR ER ARIAIE 2, tn: TIR Bk R % 24 2
fit (iron-sulfur cluster assembly enzyme). %5 4 H % %

Features of different kinds of cell death. GSH: Reduced glutathione; RSL3: RAS-selective lethal small molecule 3; GPX4:

Glutathione peroxidase 4; SLC7A11: Solute carrier family 7 member 11; DFO: Deferoxamine; DNA: Deoxyribonucleic acid; ROS:
Reactive oxygen species; Bcl-2: B-cell lymphoma 2; Z-VAD-FMK: Z-Val-Ala-Asp (OMe) fluoromethylketone; p62: Nucleoporin 62; ER:
Endoplasmic reticulum; LC3: Microtubule-associated proteins light chain 3; ATG: Autophagy-related genes; PI3K: Phosphatidylinositol
3-kinase; PTPC: Permeability transition pore complex; Ca?": Calcium ion; CYPD: Cyclophilin D; LPS: Lipopolysaccharides; GSDMD:
Gasdermin D; Z-YVAD-FMK: Z-Tyr-Val-Ala-Asp (OMe) fluoromethylketone

Type Biochemical feature Activation condition Key gene Inhibitor Relevant disease
Ferroptosis Iron metabolism Erastin GPX4 Ferrostatin-1 Neurodegenerative diseases
GSH deficiency RSL3 SLC7A11 Liproxstatin-1 Cancer
Lipid peroxidation DFO Ischemia-reperfusion injury

Apoptosis  DNA fragmentation Intrinsic: DNA damage;  Intrinsic: Caspase-3; Bcl-2  Caspase family inhibitor  Cancer

ROS overload Z-VAD-FMK
Caspase activation Extrinsic: death receptor Extrinsic: Fas; caspase-8 Viral infection
activation
Autophagy Increased lysosomal  Nutritional deficiency LC3 PI13K inhibitor Cancer
activity
P62 degradation ER stress ATG genes Parkinson disease
Necrosis ~ Opening of PTPC Severe oxidative stress  CYPD Cyclosporin A Infection
Cytosolic Ca?* overload Sanglifehrin A Toxins, trauma
Pyroptosis  Inflammatory caspase LPS Caspase-1 Caspase-1 inhibitor Infection
activation Z-YVAD-FMK
GSDMD Inflammation
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Figure 1  Ferroptosis is mainly regulated by iron metabolism, amino acid metabolism, and lipid metabolism. 1) Lipid metabolism: iron-
dependent lipid peroxides (L-OOH) that execute ferroptosis come from peroxidation of PE containing AA and AdA, which is catalyzed by
LOXs. 2) Iron metabolism: the expression and efficiency of Tf and TfR can influence the intake of iron. Iron bound with ferritin can be set
free by NCOA4-mediated ferritinophagy, which causes the accumulation of free ferrous ion. Increased free iron leads to the peroxidation of
specific PUFAs. However, HSPBL1 can regulate this process negatively by lowering intracellular iron. 3) Amino acid metabolism: imported
by system x., cystine is reduced to synthesize GSH which is used to deplete L-OOH via GPX4. Main inducers and inhibitors of ferroptosis
are shown in red. Erastin and RSL3 induce ferroptosis by inhibiting system x_ and GPX4, respectively. Through binding and attenuating the
extra iron ions, chelators suppress this event. Ferrostatin-1 and liproxstatin-1 are antioxidants with high activity of inhibiting ferroptosis by
eliminating the lipid peroxides. Tf: Transferrin; TfR: Transferrin receptor; SLC3A2: Solute carrier family 3 member 2; AA: Arachidonic
acid; AdA: Adrenic acid; PKC: Protein kinase C; HSPB1: Heat shock protein betal; ACSL4: Acyl-CoA synthetase long chain family
member 4; LPCAT3: Lysophosphatidylcholine acyltransferase 3; NCOA4: Nuclear receptor coactivator 4; Fe*': Ferrous ion; PUFA: Polyun-
saturated fatty acid; PE: Phosphatidylethanolamine; LOXs: Lipoxygenases; GSH: Reduced glutathione; GSSG: Glutathione disulfide;
GPX4: Glutathione peroxidase 4
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