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Figure 1 (a) Preparation of AFeNPs. (b, c) Time-dependent ion release from FeNPs and AFeNPs at different pH values [25]. (d) The mechanism
underlying the effects of MnO, as an enhanced CDT agent for cancer. (¢) UV/Vis absorption spectra and photo (inset) of MB after degradation by the
Mn”"-mediated Fenton-like reaction in different solutions. (f) MB degradation of different groups. (g) Bar graph showing the percentage of MB

degradation in various groups [40] (color online).
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Figure2 (a) Illustration of the mechanism of self-supplied H,0, and acceleration of Fe(IlI)/Fe(1l) conversion in the GOXx@ZIF@MPN nanosystem.
(b) Schematic illustration of GOXx@ZIF@MPN as an ATP-responsive autocatalytic Fenton nanoparticle for tumor ablation. (c) Viability of 4T1 cells
after incubating with different samples in the presence of glucose. (d) Relative tumor volume of mice in different groups. Red arrow refers to the time

of administration. *** P<0.001 [45] (color online).
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3) light-driven PDT
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Figure 3 (a) Schematic diagram of Cu-TBP nanoparticles in the treatment of tumor cells. (b) Time-dependent decomposition of Cu-TBP at pH 7.4,
6.5, 5.5, and 4.5 quantified by UV-Vis absorption of free H,TBP. (¢) MTS assay of CuCl,, H,TBP, or Cu-TBP against B16F10 cells without (left) or
with (right) light irradiation. Averaged (d) primary and (e) distant tumor growth curves of B16F10 bilateral tumor-bearing mice treated with PBS(+), o-
PD-L1(+), Cu-TBP(+), or Cu-TBP(+) plus a-PD-L1; n=6. (f) Survival curves of B16F10 bilateral tumor-bearing mice treated with PBS(+), a-PD-L1

(+), Cu-TBP(+), or Cu-TBP(+) plus a-PD-L1; n=6 [47] (color online).
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Figure4 (a) Illustration of the synthesis and (b) multiple functions of AIO RNAi NPs. (c) Tissue penetration of AIO NPs (upper panel) and polymer
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Figure 5 (a) Synthesis of PA/Fc-micelles. (b) Schematic of the application of polymeric micelles for cancer therapy using Fenton reactions. (c)
Changes in the fluorescence intensity of 2-hydroxyterephthalic acid recorded at a wavelength of 425 nm after an incubation with three groups in 10%
serum-containing medium. Mean=S.D. (n=3). (d) Results of the comet assay using 4T1 cells and MCF-7 cells treated with various agents. Scale bars:
100 mm. (¢) DNA damage in different groups, as determined from the ratio of the comet tail. Mean+S.D. (n=10). ** P<0.01, *** P<0.001 [55] (color

online).
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Figure6 (a) Schematic of the Cu-Cys NPs synthetic process and the copper-containing nanoformulation mediated CDT. (b) MB degradation showing
+«OH generation from the Fenton-like reaction between Cu' and H,0, at pH 7.4. The reaction time was 4 h, and the inset photo shows the MB color
under different conditions. (¢) ROS staining in ADSCs and MCF-7R cells before and after Cu-Cys NPs treatment. Scale bar: 50 um. (d) Cu-Cys NPs
was co-incubated with different cancer cells and normal cells for 24 h (left) and 48 h (right). CCk-8 results showed that the survival rate of tumor cells
was generally lower than that of normal cells. () Tumor size change during therapy [58] (color online).
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Figure 7 (a) Schematic of the procedures used to synthesize UCSRF and a mitochondrial DNA-targeted and NIR-initiated photochemical therapy
(PCT) for cancer. (b) Bio-TEM image of UCSRF in cellular mitochondria. (c) Confocal images and the quantification of fluorescent intensity of the
line scanning profiles of HepG2 cells treated with different nanomaterials. (d) CLSM images of HepG2 cells from various groups reveal the generation
of *OH using DCFH-DA as the probe. (e) In vitro viability of HepG2 cells undergoing apoptosis in response to different treatments (** P<0.01 and
*** P<0.001). (f) Relative tumour volumes in groups receiving different treatments for 12 d. (g) H&E staining of the tumour tissue sections from
different groups of mice 3 d after NIR irradiation [69] (color online).
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Figure 8 (a) Schematic of the FeS,-PEG-mediated self-enhanced MRI and CDT/PTT. (b) EPR spectra obtained using the 5,5-dimethyl-1-pyrroline
Noxide (DMPO) as the spin trap after different treatments. (c) Decolourized MB data from different groups. (d) Representative images of Balb/c mice
with bilateral 4T1 tumour xenografts captured at different times after treatment [71] (color online).
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Figure 9 (a) The synthetic procedure for GOD@CaCO;-Fe;0, particles and schematic illustration of ultrasound-chemodynamic strategy to cancer.
(b) Decolorization rate of MB solution. (c) Fluorescence images of A549 cells stained with ROS fluorescence probe DCFH-DA. (d) Tumor volumes of
mice in different groups within 12 d of treatments. (¢) H&E-staining of the tumor tissue section with different treatments. Photograph of mice randomly

selected from each group after 12 d of treatment [72] (color online).
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Chemodynamic therapy: integration of Fenton chemistry and
biomedicine

Xiaoyan Chen, Yanyan Liu’, Wenbo Bu’

Shanghai Key Laboratory of Green Chemistry and Chemical Processes, College of Chemistry and Molecular Engineering, East China Normal
University, Shanghai 200062, China
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Abstract: Chemodynamic therapy (CDT) is a new type of tumor killing technology, which exploits weak acidity and
overexpressed H,O, in tumor microenvironment (TME) as Fenton/Fenton-like reaction condition and reactant
respectively, to produce hydroxyl radicals (*OH) in the presence of transitional metal-based nanocatalysts in tumors. The
strong oxidizing *OH species are important in the initiation of cell apoptosis. So increasing *OH yield means the
improvement of CDT therapeutic efficiency. Here, based on Fenton/Fenton-like reaction principles, strategies including
design and construction of functionalized nanosystems, manipulation of the reaction environment, and introduction of
external energy fields have been reviewed systematically to optimize such actions in tumor for enhanced *OH generation
and efficient CDT in vivo. Furthermore, the potential applications, developments and challenges of CDT are prospected,
which may provide invaluable references for the development of new anti-cancer strategies in future.

Keywords: Fenton/Fenton-like reaction, chemodynamic therapy (CDT), transitional metal-based nanomaterials, tumor
microenvironment (TME)
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