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Artificial intelligence-designing drug-loaded bacterial outer
membrane vesicles for in vitro activation of dendritic cells
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Abstract: Dendritic cells (DCs) play a critical role in both innate and adaptive immunity, particularly in
regulating antitumor immune responses. However, immunosuppressive cytokines in the tumor microenvironment
and lipid peroxidation imbalance within DCs limit their ability to activate tumor-specific T cells effectively. To
address this, we developed a novel biomimetic nanodrug delivery platform using artificial intelligence (AI). This
platform encapsulates curcumin nanoparticles in bacterial outer membrane vesicles (OMVs) to enhance DCs
function through a dual approach: targeted drug delivery and immune activation. /n vitro experiments demonstrated
that curcumin reduced lipid peroxidation stress in DCs by modulating the IRE1a-XBP1 signaling pathway, thereby
restoring their antigen-presenting function. Additionally, OMVs not only acted as efficient drug carriers but also as
immune activators, promoting DCs maturation and enhancing tumor-specific immune responses. This study
presents a promising strategy for improving antitumor immunotherapy and offers new insights into the application
of Al in drug delivery systems.
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Figure 1

for enhanced immunotherapy. A: The preparation process of Cur-
NPs@OMVs; B: The strategy of Cur-NPs@OMVs in alleviating
lipid peroxidation stress and promoting DC activation for
enhanced immunotherapy. Cur: Curcumin; NPs: Nanoparticles;

LVS: Luxurians virulent salmonella; OMVs: Outer membrance

vesicles
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Figure 2 Analysis of machine learning models, molecular docking, and molecular dynamics simulation results. A: SHAP summary plot for
the Random Forest model; B: SHAP summary plot for the Decision Tree model; C: SHAP summary plot for the SVM model; D: Accuracy
plot for the Random Forest model across different datasets; E: Accuracy plot for the Decision Tree model; F: Accuracy plot for the SVM
model: G: Selection results from the Random Forest model applied to the TCM library, with likelihood on the y-axis and ranking on the
x-axis; H: 3D molecular docking representation of Cur with the METTL3 protein; I: 2D molecular docking representation of Cur with
METTL3; J: RMSD plot of the Cur-METTL3 protein complex; K~M: Bar chart quantifying interactions (K), detailed depiction of interac-
tions (L), and time-lapse graph of interactions (M) between METTL3 and Cur; N: Analysis of bond rotation in Cur; O: Chemical structure
and properties of Cur influencing biological activity and protein interactions
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Figure 3 Preparation and characterization of Cur-NPs@OMVs. A, B: Chemical structures of curcumin and toyocamycin (Toy); C: Sche-

matic representation of the preparation process; D—F: TEM and size distribution images of Cur-NPs, OMVs, and Cur-NPs@OMVs (scale
bar = 100 nm); G: CLSM images of Cur-NPs@OMVs, where OMVs were stained with Dil dye (red) and curcumin naturally fluoresces
green (scale bar = 100 um); H: Size distribution of Cur-NPs and Cur-NPs@OMVs; I: Zeta potential of Cur-NPs and Cur-NPs@OMVs
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Figure 4 In vitro cell-culture experiments of Cur-NPs@OMVs. A: Schematic illustration of the co-culture system experiment; B: Analysis
of the advantages of Cur-NPs@OMVs; C, D: Quantified histograms of cell viability at 24 h (C) and 48 h (D) (1 = 6, x £ s); E: Flow cytometry
results of CD80 + CD86 + DCs in vitro; F: Proportions of CD80 + CD86 + cells across the four groups (n = 3); G: Schematic representation
of Cur-NPs@OMVs facilitating ER inhibition, leading to enhanced T cell-mediated anti-tumor immune responses; H—J: Average flow
cytometry intensity for different treatments (n = 3); K: Flow cytometry analysis of CD80 + CD86 + DCs after treatment with varying
concentrations of Cur-NPs@OMVs; L: Proportions of CD80 + CD86 + cells across the Cur-NPs@OMVs concentration groups; M:
Heatmap of cytokine secretion from DC2.4 cells after different treatments (n = 3); N-Q: Release levels of TNF-a (N), IL-6 (O), IL-12 (P),
and IL-10 (Q) from DCs activated by the four groups (n = 3). PBS (abbreviated as G1), Cur-NPs (G2), Cur-NPs@OMVs (G3), Toy-
NPs@OMvs (G4). P < 0.00 1; ns: Not significant
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