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Abstract: Metal-organic frameworks (MOFs) are widely used in biomedicine due to their porous structure, high spe-
cific surface area, abundant functional groups with metal active sites, good biocompatibility, and suitable degradability.
In this study, a multifunctional composite nanoparticle (Fe(VI)@PCN@BSA) was prepared for combined photody-
namic and chemodynamic therapy of tumors, which was constructed by loading potassium ferrate (K,FeOy4, Fe(VI)) in
porphyrin-based MOFs (PCN-224) and following a surface coating with biocompatible bovine serum albumin (BSA).
The results showed that the particle sizes of PCN-224 and Fe(VI)@PCN@BSA nanoparticles were about 90 nm and
100 nm, respectively. Interestingly, Fe(VI)@PCN@BSA nanoparticles could catalyze H,0,to produce *OH under a
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simulating tumor environmental condition. Meanwhile, they catalyzed to decompose H,0, to produce O,, and thereby

increased the production of singlet oxygen ('O,) under 660 nm laser irradiation, which enhanced the photodynamic

effect. More importantly, in vitro evaluation indicated that Fe(VI)@PCN@BSA nanoparticles were biocompatible, and

exhibited enhanced photodynamic and chemodynamic combined therapeutic efficacy against tumor cells. Hence,

Fe(V)@PCN@BSA nanoparticles have a great potential application in tumor therapy.

Key words: metal-organic framework; potassium ferrate; tumor microenvironment; combination therapy
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B 2K 5Ly nh My (TCPP, 97%) « J\ 7K & & 1L &5
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Fe(VI)@PCN-224 1 Fe(V)@PCN@BSA 44K ki
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Fig. 1 TEM images of (a) PCN-224, (b) Fe(VI)@PCN-224
and (c¢) Fe(V)@PCN@BSA nanoparticles, and (d) elemental
mapping of Fe(V)@PCN@BSA nanoparticles
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Fig. 2 XRD patterns of K,FeO,4, PCN-224, Fe(VI)@PCN-224,
and Fe(VI)@PCN@BSA nanoparticles
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Fig. 3 DLS size distributions of (a) PCN-224, (b) Fe(VI)@PCN-224 and (c) Fe(VI)@PCN@BSA nanoparticles,
and (d) Zeta potentials of BSA, PCN-224, Fe(VI)@PCN, and Fe(VI)@PCN@BSA nanoparticles
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Fig. 4 Changes of (a) size and (b) Zeta potential of Fe(VI)@PCN@BSA nanoparticles in H,O, PBS and DEME
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WRLRL AR 2 K A RLAR, Fe(V@PCN@BSA 44K i
L LE AN [ 985 T P PR 7K R P A ) g Ao 45 D0 ko 12 s
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A Fe(V)@PCN@BSA A KUK 1) i HLIH- 22 4 21 SRt ik
Fig. 5 (a) UV-Vis absorption spectra of PCN-224, Fe(VI)@
PCN-224, and Fe(VI)@PCN@BSA suspensions (inset is pictures
of the suspensions), and (b) Fourier transform infrared spectra of
BSA, PCN-224, Fe(VI)@PCN-224, and Fe(VI)@PCN@BSA
nanoparticles
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Fig. 6 Chemodynamic properties of Fe(VI)@PCN@BSA nanoparticles
(a) UV-Vis absorption spectra of TMB solutions under different conditions with inset showing photographs of TMB solutions after reaction for
10 min under different conditions; (b) Absorbance changes of TMB solutions with time after adding Fe(VI)@PCN@BSA nanoparticles (50 pg/mL)
into TMB solutions under pH 6.0 with H,O, (10 mmol/L); (c) Absorbance changes of TMB solutions with time after adding Fe(VI)@PCN@BSA
nanoparticles (50 pg/mL) into TMB solutions with pH 6.0; (d) Absorbance changes of TMB solutions with time under pH 6.0 with H,0,
(10 mmol/L); (e) Curves of absorbance at 652 nm versus time for TMB solutions with Fe(VI)@PCN@BSA nanoparticles under acidic (pH 6.0)
or neutral (pH 7.4) conditions with or without H,O,; (f) Absorbance changes at 652 nm versus time for TMB solutions under
pH 6.0 with different concentrations of H,O, after adding the same amount of Fe(VI)@PCN@BSA nanoparticles
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Fig. 7 Changes of dissolved O, in NaAc solutions under (a) pH 6.0 and (b) pH 7.4 with different
H,0, concentrations after the addition of Fe(VI)@PCN@BSA nanoparticles (50 pg/mL)
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Fig. 8 (a-c) UV-Vis absorbance spectra of the DPBF solutions with Fe(VI)@PCN@BSA nanoparticles

(50 pg/mL) and (d) absorbance changes of DPBF solutions at 439 nm for different groups
(a) Without 660 nm laser irradiation; (b) With 660 nm laser irradiation; (c¢) With H,O, (10 mmol/L) and 660 nm laser irradiation
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Fig. 9 Cell viabilities of MDA-MB-231 cells and human
dermal fibroblasts after 24 h incubation with Fe(VI)@PCN@
BSA nanoparticles at different concentrations
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Fig. 10 Fluorescence images of MDA-MB-231 cells after different treatments for observing intracellular ROS
Control: cells were cultured in normal medium; NPs: cells were cultured in normal medium with Fe(VI)@PCN@BSA nanoparticles; H,O, (pH 6.0):
cells were cultured in the medium at pH 6.0 with H,O, (100 pmol/L); NPs+H,0, (pH 6.0): cells were cultured in the medium at pH 6.0 with H,O,
(100 pmol/L) and Fe(VI)@PCN@BSA nanoparticles; Laser: 660 nm laser irradiation after cells culture in normal medium; NPs+Laser: 660 nm
laser irradiation after cell culture in normal medium with Fe(VI)@PCN@BSA nanoparticles; NPs+H,0, (pH 6.0)+Laser: 660 nm laser
irradiation after cell culture in the medium at pH 6.0 with H,O, (100 pmol/L) and Fe(VI)@PCN@BSA nanoparticles
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Fig. 11 Synergistic therapeutic effect of Fe(VI)@PCN@BSA
nanoparticles on MDA-MB-231 cells (*P < 0.05, **P < 0.01,
**%P <0.001)
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