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MoS, nanozyme attenuated inflammation-related endothelial cell
injury by regulating mitochondrial dynamics and mitophagy
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Abstract: To explore the protective mechanisms of a novel molybdenum disulfide (MoS,) nanozyme in
alleviating inflammation-related endothelial cell injury by regulating mitochondrial dynamic, flower like-MoS,
nanosheets were prepared by hydrothermal method, and its antioxidant enzyme-mimic activities were assessed via
electron spin resonance (ESR) spectroscopy. It was shown that MoS, nanosheets had strong scavenging ability for
hydroxyl radical (-OH) and singlet reactive oxygen species ('O,) in a dose-dependent manner. Using an in vitro
lipopolysaccharide (LPS)-induced vascular endothelial cell injury model, the protective roles of MoS, nanozyme

on cytotoxicity and apoptosis of endothelial cells were examined by MTT and Annexin V-FITC/PI assay,
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respectively. Mitochondrial fission/fusion of endothelial cell were observed by Mito-Tracker green probe. Reactive

oxygen species (ROS) probe DCFH-DA and superoxide anion probe DHE were used to detect the level of

oxidative stress in vitro. Plasmid GFP-LC3 transfection using colocalization analysis was applied to assess the

autophagy of endothelial cells. The results showed that MoS, nanozyme could significantly reduce the cytotoxicity

and apoptosis of endothelial cells stimulated by LPS, and prevent the impairment mitochondrial dynamics of

endothelial cells, thus maintaining mitochondrial dynamics. In addition, MoS, nanozyme was also shown to

alleviate LPS-mediated endothelial mitochondrial autophagy, thus protecting endothelial cells from inflammatory

stress. These results established that MoS, nanozyme protected endothelial cells injury from inflammatory stress by

regulating mitochondrial dynamics and mitochondrial autophagy of endothelial cells, which is expected to expand

the use of MoS, nanozyme in the prevention and treatment of inflammation-related vascular endothelial diseases.
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Figure 1  Characterization of flower-like MoS, nanosheets. A:
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Transmission electron microscope (TEM) image of MoS, flower-like

nanosheets; B: Energy dispersive spectrometer (EDS) mapping of MoS, nanosheets; C: Dynamic light scattering (DLS) analysis of MoS,

nanosheets in water; D: X-ray photoelectron spectroscopy (XPS) spectra of MoS, flower-like nanosheets
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Figure 2 Reactive oxygen species (ROS) scavenging abilities of flower like-MoS, nanosheets. A: ESR spectra of samples containing -OH,

MoS, nanosheets (50 mg-mL"); B: ESR spectra of samples containing -OH and MoS, nanosheets with different concentrations; C: ESR

spectra of samples containing 'O,, MoS, nanosheets (50 mg-mL™); D: ESR spectra of samples containing 'O, and MoS, nanosheets with

different concentrations
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Figure 3  Protective effects of MoS, nanozyme against cytotoxicity induced by lipopolysaccharides (LPS). A: Effects of MoS, nanozyme

on the cytotoxicity of HUVECs with/without LPS stimulation for 24 h by MTT assay; B: Flow cytometric analysis of the percentage of

apoptotic HUVECs in LPS-treated endothelial cell injury model with/without MoS, nanozyme by Annexin V/PI staining; C: The levels of

cleaved caspase-3 (Casp-3), Bcl-2, and Bax expression were analyzed by Western blot; D, E: The intensity of blots was analyzed by densito-

metric analysis using Image] software. n =3, x £s. P < 0.05 vs control; “P < 0.05 vs LPS
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Figure 4 MoS, nanozyme reduced mitochondrial fission in LPS-treated endothelial cell injury model. A: The mitochondrial morphology in

HUVECSs was measured by Mito-Tracker assay; B: Globular/tubular mitochondria were characterized and analyzed using Imagel software;

C: Mitochondrial fission-associated regulatory factors p-Drpl and Mff were detected by Western blot; D: The intensity of blots was analyzed
by densitometric analysis. n =3, x + s. "P<0.05,"P<0.01 vs control; “P < 0.05, P < 0.01 vs LPS
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Figure 5 MoS, nanozyme restored the mitochondrial membrane potential, cellular ROS accumulation, and ATP production in LPS-treated

endothelial cell injury model. A: Flow cytometric patterns of HUVECs stained with JC-1; B, C: Cellular ROS accumulation, and

mitochondrial ROS level were assayed by DCFH-DA (B) and DHE (C) staining, respectively; D: Total cellular ATP levels assays were

carried out using an ATP bioluminescence assay kit. n =3, X £ 5. "P < 0.05 vs control;"P < 0.05 vs LPS
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Figure 6 MoS, nanozyme protected HUVECs by suppressing excessive autophagy. A: HUVECs with stable expression of GFP-LC3 were

stimulated with LPS in the presence or absence of MoS, nanozyme, and GFP-LC3 puncta in treated cells was measured and quantified by

confocal microscopy; B=D: The expression levels of LC3-1I/LC3-I ratio and p62 were analyzed by Western blot. LC3-1I/LC3-I ratios reflect

the autophagy activity. n =3, x£s. P < 0.05 vs control; “P < 0.05 vs LPS
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Figure 7 MoS, nanozyme attenuated the mitophagy of HUVECs in LPS-treated endothelial cell injury model. A: The colocalization of

mitochondria and PTEN induced putative kinase 1 (PINK1) was examined by dual immunofluorescence staining. The colocalization was

increased in the LPS-treated HUVECs compared to the control group, while MoS, nanozyme treatment reduced this effect; B, C: The

expression of PINK1 and Parkin was detected by Western blot. The intensity of blots was analyzed by densitometric analysis. n = 3, x £ s.
"P < 0.05 vs control; “P < 0.05 vs LPS
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