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Abstract: Ferroptosis is a cell death path for the abnormal accumulation of iron dependent reactive oxygen
species, which leads to the dysregulation of redox homeostasis. As a new type of cancer treatments, ferroptosis has
attracted extensive attention of researchers. With the development of nanoscience, various functional nanomaterials
can produce H,0,, exhaust glutathione, and gather Fenton reaction catalysts in tumor site. Therefore, these nanoma-
terials can play a stronger role in tumor inhibition in coordination with the ferroptosis-inducing agents. Firstly, this
paper introduced the mechanism of ferroptosis and the feasibility of ferroptosis-inducing strategy in cancer therapy.
Secondly, we summarized the construction strategies of the ferroptosis-inducing nanomedicines for cancer therapy,
including accelerating intracellular Fenton reaction, inhibiting the activity of glutathione peroxidase 4, and increasing
the exogenous delivery of lipid peroxides. In addition, we also discussed the combination therapy based on ferrop-
tosis, including the combination of ferroptosis with traditional therapy strategies (combined with apoptosis-inducing
drugs, immunotherapy and gene therapy) and external energy (including ultrasound therapy and photodynamic
therapy). Finally, the expectations and challenges of ferroptosis-inducing nanomedicines for cancer therapy in the
future were discussed.
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Figure 1
peroxidase 4; GSH: Glutathione; ROS: Reactive oxygen species

Schematic representation of emerging ferroptosis-inducing nanotherapeutics for efficient cancer therapy. GPx4: Glutathione
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Figure 2 Schematic diagram of PEGylated single-atom Fe-containing nanocatalysts (PSAF NCs) for cancer therapy (Adapted from Ref.

23 with permission. Copyright © 2019 American Chemical Society). TME: Tumor microenviroment
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Figure 3 Schematic illustration of self-assembly of PEG-b-P(PBEM-co-PEM) to form GOD-loaded NRs (theraNR) (A) and the function-

ing mechanism of theraNR at tumor site including tumor pH-activation, H,O, production, and QM release for synergistically killing cancer
cells (B) (Adapted from Ref. 29 with permission. Copyright © 2017 Wiley). GOD: Glucose oxidase; QM: Quinone methide
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Figure 4 Schematic illustration of the designed synthesis of the arginine-rich manganese silicate nanobubbles as well as the in vivo tumor

homing after blood circulation (Adapted from Ref. 36 with permission. Copyright © 2018 American Chemical Society). Arg: Arginine;

DOX: Doxorubicin; GSSG: Glutathiol; MRI: Magnetic resonance imaging; ASS: Argininosuccinate synthetase
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mechanism. IO-LAHP NPs were fabricated by tethering phosphate group terminated hydrophobic (p1) and hydrophilic (p2) polymer brushes

on surface of iron oxide nanoparticles. After internalization with cancer cells, the release of Fe** ions under acidic environment generates

'0, species which exert cancer cell death through reactive oxygen species mediated mechanism (Adapted from Ref. 38 with permission.

Copyright © 2017 Wiley)
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Figure 6 Schematic illustration of nanolongan with multiple conversions and the corresponding anticancer mechanism. A: The Fe*' cross-

linked structure of nanolongan carrier containing up-conversion NPs (UCNP) as the core and doxorubicin (Dox) absorbed in the polymer

shell. The nanolongan was formed by coordination of carboxyl groups on oxidized starch polymers with Fe** and further decorated with

polyethylenimine (PEI) and 2, 3-dimethylmaleic anhydride (DMMA); B: Corresponding anticancer mechanism for nanolongan (Adapted

from Ref. 43 with permission. Copyright © 2019 American Chemical Society). UV: Ultraviolet
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HT1080 il 1) £, b A7 A= A7) 18] ) 44.5 K (PBS 4k
PRI/ B3 ZE K E 75 K (MON-pS3 AR HE 7N Fil)
4, acyl-CoA synthetase long-chain family member 4
(ACSL4) B3, p62B4, CDGSH iron sulfur domain 1
(CISD1)B5I heat shock protein beta-1 (HSPB1)0145 2
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Figure 7 Schematic illustration of a biomimetic magnetosome for ferroptosis/ immunomodulation synergism in cancer (Adapted from Ref.

49 with permission. Copyright © 2019 American Chemical Society). NC: Fe,0, magnetic nanocluster; Pa: PD-1 antibody; T, cells: Regula-

tory T cells
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Figure 8
(MON) encapsulated with p53 plasmid (MON-p53) mediated anti-
cancer therapy. (I) Endocytosis of MON-p53. (II) Fenton reaction

Schematic illustration for metal organic network

induced by MON. (III) Transfection and expression of p53 protein.
(IV) Inhibition of transmembrane SLC7A11 protein mediated by
pS3 protein. (V) Fenton reaction regulated lipid peroxidation
(LPO) accumulation and SLC7A11 inhibition induced glutathione
(GSH) depletion caused ferroptosis; p53 protein regulated apopto-
sis pathway and cause apoptosis (Adapted from Ref. 52 with per-
mission. Copyright © 2017 American Chemical Society)
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Figure9 Schematic diagram of ferroptosis inducing cancer therapy
by H,0,/Fe,O,-PLGA polymersomes (Adapted from Ref. 59 with
permission. Copyright © 2016 American Chemical Society). PLGA:

therapy
/‘ Q L]

Poly(lactic-co-glycolic acid); US: Ultrasonic; MR: Magnetic reso-
nance; *OH: Hydroxyl radical
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Figure 10 Schematic illustration of an endocytosis Mn (III)-sealed metal-organic framework (MOFs) nanosystem for magnetic resonance

9 Mn(III) s«TCPP MOFs

r 4
S tepr © Mn(In

C Mn@

imaging (MRI)- and optical imaging (OI)-guided photodynamic therapy by controlled reactive oxygen species (ROS) generation and gluta-

thione (GSH) depletion after being unlocked by overexpressed GSH in tumor cells (Adapted from Ref. 63 with permission. Copyright ©

2019 American Chemical Society). TCPP: Porphyrin; GSSG: Glutathiol; 'O,: Singlet oxygen
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