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Introduction
Photodynamic therapy (PDT) is a promising strategy for tumor treatment. Still, its therapeutic efficacy is compromised by the unsatisfactory
cytotoxicity to specific subcellular organelles and insidious tumor microenvironment properties like hypoxia and high glutathione levels. Here,
we fabricated a novel nanozyme that derived from metal-organic framework (MOF) with intrinsic catalase-like activities to decompose H2O2
to O2 and simultaneous glutathione consumption for enhancing PDT efficacy. The obtained Mn3O4 nanoparticle shows a larger pore size and
surface area compared to native MOF particles, which can be used to load high dose photosensitizer. When decorated with AS1411 aptamer
and polyethylene glycol (PEG), the obtained Mn3O4-PEG@C&A particle exhibits excellent stability and cell nucleus targeting ability.
Remarkably, Mn3O4-PEG@C&A particle inhibited the tumor growth in the mouse model with high efficacy without any biotoxicity. This is
the first report that applied MOF-derived nanoparticle to nucleus-targeted PDT. It may provide a new approach for designing functional
nanoenzyme to subcellular organelles-targeted tumor modulation.
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Results

A schematic of the preparation of Mn3O4-PEG@C&A nanoparticle for enhanced
nucleus-targeted PDT. The nucleus-targeted Mn3O4-PEG@C&A particle can
catalyze intracellular H2O2 to O2 and consume intracellular GSH simultaneously,
which leads to high PDT efficacy.

Figure 1 (a) TEM images of as-prepared Mn-MOF and Mn3O4 nanoparticles. (b) XRD
patterns of as-synthesized Mn3O4 particle. (c) The changing amount of oxygen catalyzed
in different systems. (d) GSH consumption by Mn3O4 nanoparticles. (e) Confocal images
of 4T1 cell incubated with Mn3O4-PEG@C&A and Mn3O4-PEG@C for 24 h.

Figure 2 In vitro experiments of Mn3O4-PEG@C&A nanoparticles. Confocal images
(a) and flow cytometry data (b) of intracellular ROS production. (c) Viabilities of 4T1
cells incubated with Mn3O4-PEG@C&A with laser irradiation (n = 5). (d) Flow
cytometry analysis of cell apoptosis of 4T1 cells incubated with Mn3O4-PEG@C&A
(50 μg/mL) for 12 h after treatment with 660 nm laser irradiatiuon.

Figure 3 In vivo tumor therapy by Mn3O4-PEG@C&A nanoparticles. (a) Representative
immunofluorescence images of 4T1 tumor slices of mice received i.v. injection of
Mn3O4-PEG&C&A for different times. Scale bars are 100 μm. Tumor size (b), tumor
weight (c), and tumor photographs (d) of mice after various treatments with intended
formulations for 19 days. (n = 5)

Conclusion
• For the first time, we applied the metal-organic-framework-derived nanoparticle to nucleus-targeted PDT.
• We found that the as-prepared nanoenzyme possess instinct catalase-like activity that decomposes H2O2 to O2 and consumes
intracellular GSH simultaneously.
• Our designed Mn3O4-PEG@C&A particle exhibits excellent stability and cell nucleus targeting ability, and it shows high therapeutic
efficacy while without obvious biotoxicity.
• This work highlights the potentials of MOF-derived nanoenzyme for improving PDT efficacy by tumor microenvironment modulation. It
may provide insights to prepare other functional MOF-derived particles for biomedicine applications.
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