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Tumor microenvironment responsive biomimetic nanoparticles for
photodynamic tumor therapy
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Abstract: Inspired by the coordination effects between imidazole and metal ions in hemoglobin, biomimetic
nanoparticles were constructed for photodynamic tumor therapy. The photosensitizer of protoporphyrin IX (PpIX)
was modified with histidine, which could be self-assembled with Zn? to obtain the biomimetic nanoparticles
(NPs). Under the conditions of high glutathione and low pH, the biomimetic nanoparticles could be degraded and
released for enhanced photodynamic tumor therapy. The structures of NPs were characterized by dynamic light
scattering (DLS), UV-visible spectrophotometer (UV-Vis), fluorescence microscope and transmission electron
microscope (TEM). The reactive oxygen species (ROS) production ability of NPs was measured by singlet oxygen
sensor green (SOSG) test kit. Mouse breast cancer cell lines (4T1 cells) were employed to investigate the subcellular
organelle distribution and cytotoxicity of NPs. These results confirmed that NPs possessed a good dispersibility
and stability with a uniform structure and particle size at 165 nm. Moreover, MTT assay and live/dead cell staining
assay demonstrated that NPs could inhibit the proliferation of 4T1 cells and exhibit a good biocompatability. This
research would promote the construction of intelligent biomedicine for tumor precision therapy.
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Figure 1 Schematic illustration of biomimetic metal nanoparticles
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Figure 2 Tyndall effect of NPs, PpIX-His+Zn?*and PpIX-His at pH 7.0 (A). Zeta potential of NPs (B). Hydrodynamic size distribution of
NPs (C). The size and polymer dispersity index (PDI) changes of NPs in 24 h, n = 3, x + s (D). Transmission electron microscope (TEM)
image of NPs. Scale bar: 500 nm (E). PpIX-His: Protoporphyrin 1X-histidine; NPs: PpIX-His self-assembled with Zn?* to obtain the biomi-

metic nanoparticles
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Figure 3 UV-visible spectrophotometer of PplX, PpIX-His, and

NPs (A). Fluorescence spectra of PpIX-His and NPs (B). Fluores-

cence spectrum of NPs in glutathione (GSH) aqueous solution (C).

Fluorescence changes of NPs in the presence of GSH (D)
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Figure 4 Time related single oxygen sensor green (SOSG,

5 umol-L?) fluorescence changes (F/F,) of PpIX-His (30 pg-mL™),
NPs (30 ug-mL?) and equivalent concentration of PpIX in the
presence and absence of light irradiation (380 mW - cm?) (A).
SOSG (5 pmol-L?) fluorescence changes of NPs (30 pug-mL™?) in
different pH value (B)
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Figure5 Confocal laser scanning microscope (CLSM) images and the corresponding fluorescence profile analysis of 4T1 cells after treatment
with NPs at the concentration of 25 ug-mL™ for 2, 6, 24 h (A). n = 3, X £ s. The corresponding fluorescence profile analysis of 4T1 cells after
treatment with NPs (25 ug-mL) for 6 h and stained by LysoTracker (B), MitoTracker (C), Dio (D), Hoechst 33342 (E). Scale bar: 10 um
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Figure 6 CLSM images of 4T1 cells treated with PplX, PpIX-
His, NPs. Scale bar: 10 um
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Figure 7  Anti-proliferation ability of PpIX-His and NPs. Cytotoxicity of PpIX-His and NPs with or without light against 4T1 cells. n = 8,

X % s. ”P<0.01, “"P<0.001 vs NPs-light group
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PpIX-Hi

PpIX-His+30s

NPs+30s
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Figure 8 CLSM images of 4T1 cells after treatment with PpIX-His and NPs in the absence of light irradiation or under light irradiation for

30 s or 60 s and stained by Calcein-AM/PI. P1: Propidium iodide
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