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Abstract: Systemic metastasis of cancer cells is currently the main cause of death for patients with advanced cancer.
Due to the rapid proliferation of tumor cells and abnormal deposition of extracellular matrix, the large-volume tumor
tissue in advanced cancer is dense and stiff, which brings great difficulties to the treatment of advanced solid tumors:
conventional drugs having difficulty in penetrating and immune cells facing challenges to infiltrate into their interior.
Meanwhile, tumor cells on hard matrices have stronger invasive ability, which is prone to cause systemic metastasis of
tumors. To solve this problem, this study prepared ethylenediaminetetraacetic acid (EDTA) intercalated zinc-aluminum
layered double hydroxide nanomaterials (EDTA/LDH). Based on two parallel Ca®* deprivation mechanism, the
anti-metastasis immunotherapy of EDTA/LDH material system for advanced large-volume solid tumors was studied.
In the slightly acidic tumor microenvironment, the material system adheres to the tumor cell membrane through
electrostatic force, releases EDTA to chelate Ca®" in cell adhesion proteins, cuts off part of the cell connections,
reduces the stiffness of large tumors, and promotes the infiltration of immune cells into the tumor tissue. In addition,
the material system is phagocytosed by macrophages as a "foreign body", causing calcium store-operated calcium
influx, activating the anti-tumor immune effect of macrophages, and inhibiting the tumor-promoting invasion of

polymorphonuclear myeloid-derived suppressor cells (PMN-MDSCs) and regulatory T cells (Tregs). This study will

provide reference ideas and methods for the anti-metastasis treatment of advanced malignant solid tumors.
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Schematic diagram of EDTA/LDH material system for anti-metastatic immunotherapy of

large-volume malignant solid tumors
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Fig. 2 Characterization of EDTA/LDH material system
(a) TEM image; (b) Element mappings; (c) EDS pattern; (d) FT-IR spectra; (e) XRD patterns; (f) DLS/Zeta potential
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Fig. 3 Evaluation of the efficacy of EDTA/LDH in large-volume malignant solid tumors
(a) Schematic diagram of mouse 4T1 tumor model construction and treatment process; (b) Survival curves; (¢) Tumor volume on day 0 and day 16;
(d) Body weight curves; (e) Images and quantification of tumor mechanical forces measured by SWE; (f) Tumor areas; (g) Tumor mean stiffnesses
Statistical significances (*p < 0.05, **p < 0.01 and ***p < 0.001) were calculated by one-way ANOVA
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Fig. 4 Evaluation of the efficacy of EDTA/LDH in inhibiting the metastasis of malignant tumors (n=5)
(a) Photos of tumors and organs of mice in the control group and the treatment group; (b) H&E slices of tumors and
organs of mice in the control group and the treatment group
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Fig. 5 Immune mechanism of EDTA/LDH against malignant tumor metastasis
(a) Tumor H&E sections and E-cadherin immunohistochemical analysis;
(b) Immunofluorescence analysis, CD8" T (CD8"), Treg (Foxp3"), PMN-MDSC (CD11b" Ly6G"), M1 macrophages (F4/80" CD86")
and NK (CD16") being labeled
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Fig. S1 Mouse spleen diameter statistics



