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Experimental Methods 
Materials: Copper acetate was obtained from Macklin. Gallic acid (GA) was purchased from Kermel. Surfactant Aerosol OT was obtained from Alfa Aesar. Cisplatin was purchased from Shanghaiyuanye Bio-Technology Co., Ltd. L-arginine (L-Arg), NADH, glutathione (GSH) and H2O2 Assay Kit were obtained from Beijing Solarbio Science & Technology Co., Ltd. DSPE-PEG2000 was purchased from Top-Peptide Co., Ltd. BCA Kit, Lyso-Tracker Red, Hoechst 33342, DAPI, GSH Assay Kit, Calcein-AM/PI double stain kit and Annexin V-FITC/PI were obtained from Beyotime Biotechnology. Charcoal-stripped fetal bovine serum (CS-FBS) was supplied by Hyclony. Nitric Oxide Assay Kit was obtained from Nanjing Jiancheng Bioengineering Institute. NO fluorescence probe (DAF-FM DA) was purchased from meilunbio. 4-hydroxyestradiol (4-OHE2) and 17β-estradiol (E2) were obtained from Cayman Chemical. PD98059 and Calpeptin were purchased from MCE. All other chemicals were provided by Sigma Aldrich (St. Louis, MO, USA) unless mentioned otherwise.
Cell culture: The murine breast cancer 4T1 cells were purchased from American Type Culture Collection (ATCC) and cultured in RPMI-1640 medium with 10% FBS supplemented with 1% antibiotics (penicillin and streptomycin). Cells were incubated in the cell incubator with 37°C under a humidified atmosphere containing 5% CO2.
Animals: Female BALB/c mice (6-8 weeks old, average body weight 17-19 g) were purchased from Henan Laboratory Animal Center and raised in the specific pathogenfree (SPF) laboratory. All animal experiment procedures were performed following the guidelines of the Institutional Animal Care and Treatment Committee of Zhengzhou University. 4T1 cells (2×107 cells per milliliter, 50 µL) were subcutaneous injected into the third pair of breast fat pads in the mice to generate the metastatic 4T1 mammary adenocarcinoma model.
Synthesis of Cu-GA MOF: Copper-gallate metal-organic framework (Cu-GA MOF) was synthesized according to a previous study.33 In brief, 0.22 g of surfactant AOT and 400 μL of n-butanol were solubilized in double-distilled water at room temperature, followed by the addition 200 μL each of 0.1 M copper acetate and gallic acid prepared in DMF. The reaction was continued at 70-80℃ for 12 h, then adding ethanol to precipitate the particles and centrifuged at 12000 rpm for 10 min to obtain Cu-GA MOF.
Synthesis of Pt-Arg prodrug: Appropriate amount of cisplatin (Pt) was dissolved in 30% H2O2 solution, stirred at 50℃ for 1 h, then stood at room temperature for 24 h. After centrifugation and vacuum drying, the hydroxylated cisplatin compound (Pt-OH) was obtained. Then Pt-OH (10 g) and succinic anhydride (7 g) were dissolved in DMF solution, stirring at 75℃ for 24 h, then the DMF in the reaction solution was removed by rotary steam at 90℃ to obtain the carboxylated cisplatin compound (Pt-COOH). Pt-COOH was dissolved in EDC/NHS solution, dark reaction at room temperature for 2 h, and then L-Arg was added. The L-Arg to Pt-COOH mass ratio was 5:6. After stirring for 24 h at room temperature, GSH-sensitive Pt-Arg (PA) prodrug were collected.
Synthesis of CPA: Cu-GA (10 mg) and Pt-Arg (5 mg) were added to a round bottom flask with 30 mL of saline. The reaction was stirred at room temperature in the dark for 12 h. CPA (Cu-GA@Pt-Arg) was collected by centrifugation and washed three times with saline.
Synthesis of IGBN: The CPA (10 mg) nanoparticles were dispersed in DSPE-PEG2000 (5 mg) solution, after stirred at room temperature for 4 h, IGBN nanoparticles (Cu-GA@Pt-Arg@DSPE-PEG2000) were obtained by centrifuged. CD (Cu-GA@DSPE-PEG2000) nanoparticles were synthesised as described above.
pH-induced Drug Release Profile from IGBN: The time-dependent release of PA from IGBN was investigated by inductively coupled plasma mass spectrometry (ICP-MS). The IGBN was dispersed in PBS (7.4, 6.5 and 4.5) at a concentration of 100 µg mL-1 and shaken at 37℃. After incubation different times, the supernatant was collected by centrifuged. The pH-induced copper release was also measured according to above method.
NO Production: Pt-Arg prodrug (10 mM) was pretreated with GSH (10 mM or 0 mM GSH) and 10 mM H2O2, then shaken at 37℃ for 24 h. After incubation, the production of NO was detected with NO Kit at 450 nm.
Pt-Arg concentration-dependent NO release was detected by NO Assay Kit. The different concentrations of Pt-Arg prodrug (0, 2, 4, 6, 8, 10 mM) were treated with 10 mM GSH and 10 mM H2O2, then shaken at 37℃ for 24 h. After incubation, the production of NO was detected with NO Kit (nitrate reductase method) at 450 nm. H2O2 concentration-dependent NO release was detected as above method. Pt-Arg prodrug (10 mM) were treated with 10 mM GSH, then different concentrations of H2O2 solutions (0, 0.25, 0.5, 1, 5, 10 mM) were added and shaken at 37℃ for 24 h. After incubation, the production of NO was detected.
Estrogen Consumption Test: Cu2+ can down-regulate estrogen with the production of H2O2. H2O2 is detected as a signal of Cu2+-mediated estrogen consumption. The experiment solutions containing with five different groups A-E, which represent Cu2+, NADH, Cu2+ + 4-OHE2, NADH + 4-OHE2, and Cu2+ + NADH + 4-OHE2, respectively. The concentrations of the solutions are 50 µM (Cu2+), 0.1 mM (NADH) and 40 µM (4-OHE2). Then generation of H2O2 were determined by H2O2 Assay Kit.
Cellular Uptake: 4T1 cells (3×105 cells per well) were seeded in confocal dishes and cultured for 24 h at 37°C. Then cells were co-cultured with 50 µg mL-1 CFD (Cu-GA@FITC@DSPE-PEG2000) for 2, 4 and 6 h. Afterwards, cells were washed with PBS for three times and stained with Lyso-Tracker Red/Hoechst 33342 at 37°C for 10 min. After washing, cellular uptake behaviours were observed by Confocal laser scanning microscope (CLSM).
Cellular Cu Detection: 4T1 cells (3×106 cells per well) were seeded in petri dishes for 24 h with 10% FBS, then co-cultured with 50 µg mL-1 CD for 8 h. Cells treated with PBS was used as a positive control. After washing with PBS, precipitation was collected by centrifuged, then cells were counted. Nitric acid and 30% H2O2 were added for acidolysis, finally the concentration of Cu were detected by ICP-MS.
Intracellular GSH Detection: 4T1 cells (3×105 cells per well) were seeded in a 6-well plate for 12 h. Then cells were co-cultured with PBS, CD, PA and IGBN (CD: 50 μg mL-1; PA: 2.5 μg mL-1). After incubation for 24 h, cells were washed and diluted (1×106 per milliliter) with PBS, then repeated freezing to completely destroy. The supernatant was collected and the quantification of intracellular GSH was detection by GSH Assay Kit (No. S0053, Beyotime).
Western Blot: The 4T1 cells were treated with PBS, E2, Calpeptin + E2 and PD98059 + E2 (Calpeptin: 10 μM; E2: 10-9 M; PD98059: 20 μM) for 2 h, respectively. 4T1 cells precipitation was collected via centrifugation, and then lysed for 45 min on ice. Supernatant were collected by centrifugation and protein concentration was determined by BCA Kit. Total proteins were separated by 10% SDS-PAGE and transferred to PVDF membranes, seal with 5% skim milk powder for 2 h, incubated with antibodies p-ERK1/2 (Proteintech, cat. 28733-1-AP), ERK1/2 (Proteintech, cat. 16443-1-AP), Capn4 (Proteintech, cat. 25057-1-AP), MMP-2(Proteintech, cat. 10373-2-AP) and GAPDH (Proteintech, cat. 10494-1-AP). After incubated with corresponding secondary antibodies, added NCM ECL Ultra and collect protein signals by automatic fluorescence chemiluminescence imaging system. To investigate the effect of IGBN on Capn4 and MMP-2 expression, the 4T1 cells were treated with PBS, E2, CD + E2, PA + E2, CPD + E2 and IGBN + E2 (E2: 10-9 M; CD: 20 μg mL-1; PA or Pt: 1 μg mL-1) for 24 h, respectively. The next steps were described as above.
Inhibition of the platelet-induced EMT by IGBN. The 4T1 cells were treated with PBS, Pla, CD + Pla, PA + Pla, CPD + Pla and IGBN + Pla (Platelets: 4 × 106; CD: 20 μg mL-1; PA or Pt: 1 μg mL-1) for 24 h, respectively. The next steps were described as above.
Intracellular E2 Consumption: 4T1 cells (3×105 per well) were seeded in a 6-well plate for 24 h with 10% FBS (RPMI-1640 Medium (without phenol red) with (v/v) Charcoal-stripped fetal bovine serum (CS-FBS)). The medium was replaced with fresh RPMI-1640 (without phenol red) and cultured for 24 h. Then cells were co-cultured with PBS, E2, CD + E2, PA + E2, CPD + E2 and IGBN + E2 (E2: 10-9 M; CD: 20 μg mL-1; PA or Pt: 1 μg mL-1). After incubation for 24 h, cells were washed and diluted (1×106 per milliliter) with PBS, then repeated freezing to completely destroy. The supernatant was collected and the quantification of intracellular E2 was detection by ELISA kit (No. 501890, Cayman, USA). The intracellular 4-OHE2 was detected as above method.
Immunofluorescence: 4T1 cells (3×105 cells per well) were seeded in a 6-well plate for overnight, then treated with PBS, Pla, CD+Pla, PA+Pla, CPD+Pla and IGBN+Pla (Platelets: 4×106; CD: 20 μg mL-1; PA or Pt: 1 μg mL-1) for 24 h. After washing, 4T1 cells were fixed with 4% paraformaldehyde and penetrated with 0.2% Triton for 10 min, then blocked using 5% BSA buffer and incubated for overnight with 1:200 E-cadherin rabbit polyclonal antibody (20874-1-AP, Proteintech) at 4℃.After incubated with Goat Anti-rabbit IgG/Alexa Fluor 488 (bs-0295G-AF488, Biotechnology) at room temperature for 2 h, stained with DAPI and images were obtained by CLSM.
Cellular H2O2 Generation: 4T1 cells (2×105 per well) were seeded in a 12-well plate for 24 h. The medium was replaced with fresh medium containing PBS, CD, PA, CPD and IGBN (CD: 50 μg mL-1; PA or Pt: 2.5 μg mL-1) for 8 h. H2O2 generation were assayed with BES-H2O2-Ac (50 µM), after incubation for 15 min, fluorescence images were acquired by fluorescence microscope.
Intracellular NO Generation: 4T1 cells (3×105) were seeded in confocal dishes and cultured for 24 h at 37 °C. Then medium was replaced with fresh medium containing PBS, CD, PA, CPD and IGBN (CD: 50 μg mL-1, PA or Pt: 2.5 μg mL-1) for 8 h. Afterwards, cells were washed with PBS for several times, and stained with NO fluorescent probe (DAF-FM DA) for 30 min. After washing, stained with DAPI，the cellular NO generation were observed by CLSM.
Platelet Activation Assay: Platelet-rich plasma (PRP) was obtained from DENING Bio. Platelets were collected by centrifugation at room temperature, and stained with Dil cell membrane dye at room temperature for 20 min. 4T1 cells (3×105 cells per well) were seeded in confocal dishes and cultured for overnight. The medium was replaced with fresh medium containing Pla, CD + Pla, PA + Pla, CPD + Pla and IGBN + Pla (Platelets : 4×106; CD: 50 μg mL-1; PA or Pt: 2.5 μg mL-1) for 8 h. Washed with PBS to remove unattached platelets, stained with Hoechst 33342. After washing, platelet adhesion behaviours were observed by CLSM.
Wound Healing: 4T1 cells (3×105 cells per well) were seeded in a 6-well plate for 24 h with phenol red-free RPMI-1640 medium containing 10% charcoal-stripped fetal bovine serum. Then treated with PBS, Pla + E2, CD/ Pla + E2, PA/ Pla + E2, CPD/ Pla + E2 and IGBN/ Pla + E2 (E2: 10-9  M; Platelets: 4 × 106; CD: 50 μg mL-1; PA or Pt: 2.5 μg mL-1). After scratching wound, healing conditions at different time were recorded with microscope.
Transwell: Transwell assay were used to detect the migration and invasion of tumor cells. 4T1 cells were diluted to 5×105 per milliliter with serum-free culture medium and seeded to the upper chambers, then cultured with PBS, Pla, Pla + E2, IGBN/Pla + E2 and IGBN (Platelets:4×106; E2:10-9 M; CD: 50 μg mL-1; PA: 2.5 μg mL-1). The RPMI 1640 medium containing 10% FBS were seeded to lower part of the chamber transwell chamber. After 24 h, cells were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet for 15 min, photographs were taken by fluorescence microscope and counted positive area by Image J.
In Vitro Antitumor Efficacy: Antitumor effect of IGBN in vitro was investigated by CCK-8 assay. 4T1 cells (8×103 cells per well) were seeded in 96-well plates. After overnight incubation, the cells were treated with different treatments (0-100 μg mL-1) for 24 h. Then incubated with CCK-8 solution for 2 h and the absorbance was measured at 450 nm.
Live/Dead Cell Staining Assay: 4T1 cells (2×105 cells per well) were seeded in a 12-well plate for overnight. Then cultured with different treatments (CD: 50 μg mL-1; PA or Pt: 2.5 μg mL-1) for 24 h. Live/dead cell staining assay of 4T1 cells was assessed using the calcein-AM/PI double stain kit, then fluorescence images of calcein AM (green, live cells) and PI (red, dead cells) were taken by fluorescence microscope.
Apoptosis Assay: Cells (3×105 cells per well) were incubated with PBS, CD, PA, CPD and IGBN (CD: 50 μg mL-1; PA or Pt: 2.5 μg mL-1) for 24 h. After washing, cells were harvested using trypsin-EDTA and stained with annexin V-FITC/PI for 15 min, the apoptotic detect of 4T1 cells by flow cytometer.
In Vivo Biodistribution: The in vivo biodistribution of IGBN was observed by near-infrared ﬂuorescence imaging. Brieﬂy, 4T1 tumor-bearing mice were intravenously injected with IR783 and IR783-labeled IGBN (equivalent IR783 concentration, 1.0 mg kg-1 body weight), respectively. Fluorescence imaging was performed at predetermined times, and the mice were sacrificed at 48 h of post-injection. Tumor and main organs were harvested and washed with saline for ex vivo imaging.
In Vivo Antitumor and Antimetastatic Efficacy: The therapeutic efficacy of IGBN was evaluated utilizing 4T1 tumor-bearing BALB/c mice. Two weeks after tumor inoculation, the 4T1 tumor-bearing BALB/c mice were randomly divided into five groups (n=5) and treated with saline, PA, CD, CPD, or IGBN (200 μL; Pt or PA: 1 mg kg-1), all the treatments were performed via tail vein injection every other day. The tumor volumes were calculated by the (length × width2)/2 and mice weights were recorded during the treatment, respectively. The mice were euthanized at 14 days post-treatment and representative tumor images of each group were taken. 
To evaluate the antimetastasis efficacy, lungs were harvested, the numbers of tumor nodules were observed and recorded, then stained with Bouin’s Fluid and H&E. The metastatic nodules appear as white nodules on the yellow lung surface after staining and representative lungs of each group were photographed.
In addition, the tumor tissues were prepared for H&E and TUNEL staining, MMP-2, ROS, NO, N-cadherin and E-cadherin immunofluorescence staining, Capn4, P-selectin, TGF-β immunohistochemistry were performed. The corresponding fluorescence analyzed were obtained by Image J. 
Tumor Estradiol Detection: The tumor tissue after treatment were harvested, weighed, and homogenized with pyrolysis liquid (1:100, Solarbio). Intratumoral quantification of E2 levels were detected by ELISA kits (No. 501890, Cayman, USA). 
Biosafety Assessment: The major organs of the 4T1 tumor-bearing BALB/c mice were collected after antitumor therapy for tissue histological examination (H&E staining). The whole blood was collected on day 1 and day 14 for blood routine examination and blood biochemistry. 
Statistical Analysis: All results were reported as the mean ± standard deviation (SD) of at least three samples. All statistical analysis was evaluated by Student’s t-test. The *p < 0.05 was defined as statistically significant, whereas, the threshold for highly and extremely significance were *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001.
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Figure S1. FTIR spectra of Pt, Arg and PA
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Figure S2. (a) Transmission electron micrographs (TEM) of Cu-GA and (b) CPA  nanoparticles
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Figure S3. XPS spectra of Cu-GA
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Figure S4. The long-term stability of IGBN in FBS at 4℃ during 7 days measured
by dynamic light scattering (n = 3)
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Figure S5. (a) Cumulative Cu2+ and (b) PA release from IGBN with different pH values (n=3)
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Figure S6. NO producing ability of PA in the present or absent of GSH (n=3)
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Figure S7. (a) The cell viability of 4T1 cells with exposed to E2 and (b) Pt at different concentrations. Data are presented as the mean ± SD (n = 6)
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Figure S8. (a) Qualitative Western blot data of Capn4 and MMP-2 in 4T1 cells after different concentrations of E2 treated for 24 h. (b) Corresponding quantification of Capn-4 and MMP-2 calculated by Image J (n = 3)
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Figure S9. Representative morphology of 4T1 tumor cells with different treatments. IGBN inhibited the platelet-induced EMT by producing NO. Pla: platelets. Scale bar: 50 μm
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Figure S10. (a) The corresponding mean fluorescence intensity of H2O2 and (b) NO in 4T1 cells with different treatments (n=3), ****p < 0.0001
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Figure S11. The corresponding gray analysis of E-cadherin, N-cadherin, and Vimentin by ImageJ (n=3), *p < 0.05, **p < 0.01
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Figure S12. Cell viability of 4T1 cells after treated with CD, CPD, IGBN, respectively (n=6)
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Figure S13. (a) The fluorescent imaging of 4T1 tumor-bearing mice were administered a single intravenous injection of free IR783 (upper panel) or CIR783D (lower panel) at 1, 3, 6, 9, 12, 24, 48 h post-injection. White circle: tumor site. (b) Ex vivo images of the tumor and major organs after injection for 48 h
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Figure S14. Corresponding mean fluorescence intensity analysis of TUNEL staining in tumors on day 14 after treatments (n=5)
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Figure S15. Changes in body weights of 4T1 tumor-bearing mice treated with Saline, CD, PA, CPD and IGBN (n=5)
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Figure S16. Major organs (heart, liver, spleen and kidney) harvested from the mice after the last treatment were subjected to H&E staining pathological analysis. Scale bar: 100 μm
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Figure S17. Blood routine examination and blood biochemistry analysis. Blood was collected after the last treatment and un-injected mice served as control group. Alanine aminotransferase (ALT), albumin (ALB), uera (UREA), creatinine (CREA), white blood cells (WBCs), red blood cells (RBCs), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) and platelet (PLT) levels (n=3)
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