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4-Carboxypyrazole (H₂PyC, Cat# HY-W002065) was purchased from MedChemExpress (Shanghai, China). Cu (NO₃)₂·3H₂O (Cat# 61194), N, N-dimethylformamide (DMF, Cat# 227056) and Al(NO₃)₃·6H₂O (Cat# 237078) were obtained from Sigma-Aldrich Trading Co., Ltd (Shanghai, China). TMB substrate solution, 4% Paraformaldehyde Fix Solution (4% PFA fix solution), RIPA-Lysis Buffer, SDS-PAGE Sample Loading Buffer, hematoxylin, Cell Plasma Membrane Staining Kit with DiO (Cat# C1993S), Cell Plasma Membrane Staining Kit with Dil (Cat# C1991S), Antifade Mounting Medium with DAPI (Cat# P0131), The Calcein/PI Cell Viability and Cytotoxicity Assay Kit (Cat# C2015S) and eosin were obtained from Beyotime Biotechnology (China). The Annexin V-APC/7-AAD apoptosis detection kit (Cat# AP105-60) was purchased from MultiSciences Biotech Co., Ltd. (Hangzhou, China). Matrigel (Cat# 354234), insulin-transferrin-selenium (ITS, Cat# 25-800-CR) and Antibiotic-Antimycotic Solution (Cat# 30-004) were purchased from Corning Biotech Co., Ltd. (USA). epidermal growth factor (EGF, Cat# CH28) was purchased from NovoProtein. (Suzhou, China). Wheat germ agglutinin (WGA, Cat# W11261) and PageRulerTM Prestained Protein Ladder (Cat# 26616) were purchased from Thermo Fisher Scientific (USA). DAPI (Cat# 40728ES03) was purchased from Yeasen Biotechnology (China). Phalloidin dye (Cat# CA1660) was purchased from Solarbio (Beijing, China), and [Ru(dpp)₃]Cl₂ oxygen probe (Cat# MX4826-100MG) was purchased from Maokang Biotechnology (Shanghai, China). Recombinant murine IL-2 (Cat# 212-12) was purchased from PeproTech Biotech Co., Ltd. (USA), anti-mouse CD3 SAFIRE Purified antibody (Cat# 05112-25) and anti-mouse CD28 SAFIRE Purified antibody (Cat# 10312-25) were purchased from BioGem Biotech Co., Ltd. (USA). The EasySep TM Mouse CD8⁺ T Cell Isolation Kit (Cat# 19853) was obtained from Stemcell Technologies (USA). type I collagenase (Cat# 17100-017), Alexa Fluor®488-conjugated Phalloidin (Cat# A12379) and type IV collagenase (Cat# 17100-019) were purchased from Gibco (Thermo Fisher Scientific, USA). Multiplex fluorescent immunohistochemistry staining kit (Cat# TY030) was purchased from Tianyu Biotech Co., Ltd. (Hangzhou, China). The anti-pan-cytokeratin antibody (Cat# SC8018) was obtained from Santa Cruz Biotechnology (USA); anti-PD-L1 (Cat# 13684S) and anti-CD8 (Cat# 98941T) were from CST (USA); anti-PIGK (Cat# PA5-28337) was from Thermo Fisher Scientific (USA); anti-TSPAN4 (Cat# NBP2-93365) was from Novus Biologicals (USA); anti-β-actin (Cat# 66009-1-IG) was from Proteintech (USA); HIF1 A (Cat# AF1009) and anti-GAPDH (Cat# T0004) were purchased from Affinity Biosciences (China).

Peroxidase-like Catalytic Activity Assay. 
The peroxidase-like activity of the samples was assessed using TMB as a chromogenic substrate. The reaction mixture was composed of 100 μL of TMB (10mM), 100 μL of H₂O₂ (2 mM), and 100 μL of MOF-919 (1 mg/mL), prepared in 1700 μL of HAc-NaAc buffer solution (pH 4.0) and incubated at 37 °C for 10 minutes. Catalytic activity was evaluated by measuring the absorbance at 652 nm over time using a UV-vis spectrophotometer. To further explore the catalytic behavior of MOF-919@CCM, the reaction conditions were systematically varied with respect to pH, temperature, and H2O2 concentration.

Hydroxyl Radical Detection (MB Assay). 
Hydroxyl radical (•OH) production was assessed using methylene blue (MB) degradation. A reaction mixture (1 mL) containing MB (20 mg/L), H2O2 (5 mM), and MOF-919@CCM (50 μg/mL) in NaAc-HAc buffer (0.2 M, pH 5.0) was incubated at 37 °C for 20 minutes. The absorbance was measured, and a decrease in absorbance was used to quantify •OH generation.

Catalase-like Catalytic Activity Assay. 
The peroxidase-like activity of MOF-919@CCM was evaluated by measuring oxygen production at different concentrations. In this study, 0.1 mL of MOF-919@CCM and 0.1 mL H₂O₂ at different concentrations (25, 50, and 75 μg/mL) were added to 0.8 mL of ultrapure water and incubated with gentle stirring at 37°C. A portable dissolved oxygen meter recorded dissolved oxygen concentration every 20 seconds to monitor the catalytic decomposition of H2O2.

Synthesis of Singlet Oxygen Detection (SOSG Assay). 
The generation of singlet oxygen (¹O₂) under light irradiation was assessed using the singlet oxygen sensor green (SOSG) probe. 100 μL of MOF-919@CCM (1 mg/mL) was mixed with 20 μL of SOSG (50 μM) and 1.88 mL of PBS (pH 7.4) to achieve a final volume of 2 mL PBS and exposed to 670 nm laser irradiation (LWRL670-2W-F, Laserware, Beijing, China). Fluorescence intensity at 525 nm was recorded at predefined time points to evaluate the time-dependent production of 1O2.
    
Degradation and Metal Ion Release Test
MOF-919@CCM suspensions (1 mg/mL) were incubated at pH 7.4 without excess H2O2 and gently stirred for 1, 6, 12, 24, and 48 hours. At each time point, the samples were centrifuged, and the supernatants were collected. The released Cu ion content in the supernatants was quantified by ICP-OES.

Assessment of Cascade Cholesterol Oxidation Catalyzed by MOF-919@CCM under Laser Irradiation. 
The cholesterol standard (10 mM in anhydrous ethanol) was diluted with NaAc-HAc buffer (0.2 M, pH 5.0) to prepare working solutions ranging from 0 to 500 μM. In a 96-well plate, the test wells were loaded with 80 μL of cholesterol working solution, 40 μL of MOF-919@CCM working solution (250 μg/mL), 40 μL of TMB working solution (2.5 mM), and 40 μL of buffer. For the blank control group (MOF-919 + Laser + TMB), an equal volume of buffer was used to replace the cholesterol working solution. After mixing, the mixture was irradiated with a 670 nm laser in the dark for 5 minutes, followed by incubation at 37 °C in the dark for 30 minutes. Finally, the UV-vis absorption spectrum was recorded.

The stability of MOF-919@CCM nanoparticles
The MOF-919@CCM nanoparticles were dispersed in PBS containing 10% fetal bovine serum (FBS). The hydrodynamic diameter of the nanoparticles was monitored for 7 days. The stability of MOF-919@CCM nanoparticles dissolved in PBS buffer with different pH value and different ionic strength conditions were measured for 48 hours at 25 °C.

The Zeta potentials of nanoparticles
The Zeta potentials of MOF-919@CCM dissolved in PBS containing 10% (FBS) was measured for 7 days.

Cell lines and animals. 
MOC1 murine oral squamous cell carcinoma cell line was obtained from Meisen CTCC (Zhejiang, China), and cultured in complete Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% FBS, 1% antibiotic-antimycotic, 10 ng/mL recombinant mouse EGF, 1% ITS, and 0.4 μg/mL hydrocortisone. Human oral keratinocytes (HOK) were obtained from the American Type Culture Collection (ATCC) and cultured in high-glucose DMEM supplemented with 10% FBS, 100 U/mL penicillin-streptomycin, and 400 ng/mL hydrocortisone at 37°C in a humidified atmosphere with 5% CO2. The mouse 4NQO-induced tongue cancer cell line MTCQ1 was obtained from the Bioresource Collection and Research Center (BCRC) and cultured in DMEM supplemented with 10% FBS, 1% antibiotic-antimycotic solution and 2 mM L-glutamine. Five-week-old female C57BL/6 mice were purchased from the Experimental Animal Center, East Campus, Sun Yat-sen University (license number: SCXK (Yue) 2021-0029, Guangzhou, China). All animal experiments were conducted in accordance with protocols approved by the Institutional Animal Care and Use Committee (IACUC) of Sun Yat-sen University (Approval Number: 2023002545).

In vitro Cell Viability Assay. 
To evaluate the in vitro biocompatibility of the nanomaterials, MOC1 cells were seeded in 96-well plates at a density of 1 × 104 cells per well and cultured for 24 hours. The medium was then replaced with fresh culture medium containing various concentrations of MOF-919 and MOF-919@CCM with incubation for overnight. After treatment, the medium was replaced with fresh complete medium, and the cells were cultured for an additional 24 hours. Cell viability was assessed using the CCK-8 assay according to the manufacturer’s instructions. Absorbance at 450 nm was measured using a microplate reader, and cell viability was calculated accordingly. 

Confocal Imaging of Cellular Uptake. 
MOC1 cell membranes were isolated and labeled with DiI, then fused with preassembled MOF-919 nanocores to obtain MOF-919@CCM nanoparticles. For cellular uptake assessment, MOC1, HOK, and MTCQ1 cells were seeded in confocal microscopy dishes, pre-labeled with DiO and incubated with MOF-919@CCM (50 μg/mL) for 6 hours. After washing with PBS, cells were fixed with 4% paraformaldehyde and mounted using anti-fade medium containing DAPI. Intracellular uptake and subcellular distribution were observed using a laser scanning confocal microscope.

Flow Cytometry (FCM) Analysis of Cellular Uptake.
MOC1 cells were seeded in 24-well plates and incubated MOF-919 and MOF-919@CCM (50 μg/mL) for different time intervals. After thorough washing with PBS, intracellular fluorescence was analyzed by FCM to assess time-dependent uptake. Quantitative fluorescence data were processed using FlowJo software.

Biotransmission electron microscopy (Bio-TEM) Observation. 
MOC1 cells were incubated with MOF-919@CCM (50 μg/mL) for various time intervals, harvested, and subsequently fixed in 2.5% glutaraldehyde at 4 °C for 12 hours. After fixation, the cells were immobilized for 1 hour, dehydrated through a graded ethanol series, and embedded in epoxy resin. Ultrathin sections were then prepared and examined using TEM to visualize and track the intracellular distribution of MOF-919@CCM.

In vitro phototoxicity.
MOC1 cells were seeded in 96-well plates in triplicate at a density of 1×104 cells per well and incubated for 24 hours. The cells were then treated with various concentrations of the prepared nanomaterials, followed by laser irradiation (200 mW/cm2, 5 minutes). After an additional 24 hours of incubation, cytotoxicity was assessed using the CCK-8 assay. A Live/Dead Cell Viability Assay Kit was employed to stain the cells for further observation of post-irradiation cytotoxicity.

Intracellular Oxygen Detection.
Following treatment with various treatments, MOC1 cells were stained with [Ru(dpp)₃]Cl₂, an oxygen-sensitive fluorescent probe. Changes in red fluorescence were observed using a fluorescence microscope to evaluate intracellular oxygen levels.

ROS Generation Assay. 
Total ROS were quantified using 2′,7′-dichlorofluorescein diacetate (DCFH-DA). MOC1 cells were seeded at 1 × 104 cells per well in 24-well plates and cultured for 24 hours. After 12 hours of incubation with or without MOF-919@CCM nanoparticles (50 μg/mL), cells were washed twice with PBS and loaded with DCFH-DA for 25 minutes at 37 °C in 5% CO2. Cells were then irradiated for 5 minutes and analyzed by FCM.

Migrasome Formation and Purification. 
Cells were cultured in 150-mm dishes pre-coated with fibronectin (1 μg/mL) under standard conditions. After incubation, the culture medium was collected and centrifuged at 1000 × g for 10 minutes to remove cells, followed by 4000 × g for 20 minutes to eliminate large cellular debris. The resulting supernatant was filtered sequentially through a 0.45 μm membrane filter. The 0.45 μm filter was then reversed, and the retained material was flushed out using a medical syringe filled with PBS. The flushed solution was transferred to a clean tube and centrifuged at 2000 × g for 5 minutes to collect migrasomes. The purity and morphology of isolated migrasomes were confirmed by TEM.

AFM Imaging. 
AFM was utilized to investigate the surface morphology of migrasomes derived from MOC1 and MTCQ1 cells. Cells were analyzed without fixation, and AFM imaging was conducted within one-hour post-treatment to preserve native structural features. After AFM acquisition, the marked regions on glass slides were further examined using an optical microscope (Leica DM2500B, Germany) equipped with a 100× objective lens. Photographs were captured with a digital camera system at a resolution of 1360 × 1024 pixels.

TEM of Migrasomes. 
Migrasomes isolated from MOC1 and MTCQ1 cells were subjected to negative staining with 2% phosphotungstic acid for 2 minutes. After drying, samples were observed under a TEM to assess their ultrastructural characteristics. Representative images were acquired for analysis. For tissue-derived migrasome observation, fresh tumor tissues were cut into small blocks (1 mm3) and fixed in a specialized electron microscopy fixative for 2 hours at 4 ℃. Fixed tissues were then dehydrated through a graded ethanol series, embedded in resin, sectioned into ultrathin slices, and stained with uranyl acetate and lead citrate. Sections were examined by TEM, and images were captured to evaluate migrasome morphology within the tumor microenvironment.

TSPAN4 Overexpression and Knockdown. 
To establish TSPAN4-overexpressing stable cell lines, MOC1 and MTCQ1 cells were infected with a lentiviral vector encoding the mouse Tspan4 gene (HH20240326FTM-LV01, HanHeng Biotechnology, China). Cells were incubated with the virus in the presence of 8 μg/mL polybrene (HanHeng Biotechnology) to enhance infection efficiency. To knock down TSPAN4 expression, small interfering RNAs (siRNAs) targeting mouse TSPAN4 were synthesized, including siTSPAN4#1 (5′-CGGACAAGAUUGACAGGUAtt-3′ forward, 5′-UACCUGUCAAUCUUGUCCGtt-3′ reverse) and siTSPAN4#2 (5′-CUGACUGGUUCGAGGUGUAtt-3′ forward, 5′-UACACCUCGAACCAGUCAGtt-3′ reverse). A non-targeting siRNA (siNC: 5′-UUCUCCGAACGUGUCACGUdTdT-3′ forward, 5′-ACGUGACACGUUCGGAGAAdTdT-3′reverse) was used as a negative control. All siRNAs were purchased from Genomeditech Co., Ltd. (Shanghai, China). MOC1 and MTCQ1 cells were transfected with 50 nM siRNA (siTSPAN4 or siNC) using INTERFER in transfection reagent (Polyplus-transfection, New York, USA) according to the manufacturer's instructions.

Transwell Invasion Assay. 
Transwell chambers (8 μm pore size) were used to assess the invasive capacity of tumor cells. Cells (30000 cells per chamber) in serum-free medium were seeded in the upper chamber, and medium containing 10% FBS DMEM was added to the lower chamber. After 24 hours incubation, invaded cells were fixed with 4% paraformaldehyde, stained with 0.1% crystal violet, and photographed under a microscope. Cell counts were quantified from five random fields per insert.

Immunofluorescence and Confocal Laser Scanning Microscopy (CLSM).
To observe the formation of migrasomes, cancer cells (2 × 104 cells/well) were cultured in the 35 mm confocal dishes coated with fibronectin (50μg/ml). After 12 hours, these cells were labelled by Alexa Fluor 488 conjugated- WGA at 5 μg/mL for 30 minutes at room temperature, followed by three washes with PBS. 
To analyze the localization of PD-L1 and F-actin in migrasome-associated regions, treated cells were fixed with 4% PFA for 30 minutes at room temperature. After washing with PBS, cells were permeabilized with 0.1% saponin and blocked with 5% goat serum in PBS at room temperature to prevent nonspecific binding. Cells were then incubated with a primary anti-PD-L1 antibody followed by a fluorophore-conjugated secondary antibody at room temperature. After three washes with PBS, cells were sequentially stained with Alexa Fluor 488-conjugated WGA and Alexa Fluor 555-conjugated Rhodamine-phalloidin for F-actin labeling for 20 minutes at room temperature in the dark. Nuclei were counterstained with DAPI. All the images were acquired by Olympus FV3000 confocal microscope.

High-Content Imaging Analysis. 
High-content imaging (HCI) was performed using an Operetta CLS system to dynamically monitor migrasome formation in OE TSPAN4 MOC1 and MTCQ1 cells. Cells were seeded into 96-well plates (2 × 104 cells/well) pre-coated with fibronectin and cultured under standard conditions. Image acquisition and analysis were conducted using Harmony software.

Western Blot Analysis. 
Proteins from treated and control cells were extracted using RIPA lysis buffer and quantified with a BCA protein assay kit. Equal amounts of protein were separated by SDS-PAGE and transferred onto PVDF membranes. The membranes were probed with antibodies against TSPAN4 and GAPDH (loading control), followed by incubation with HRP-conjugated secondary antibodies. Signals were detected using enhanced chemiluminescence (ECL) reagents. For tissue samples, fresh tumor tissues were homogenized in RIPA buffer supplemented with protease inhibitors, and total protein concentrations were determined using a BCA assay. Proteins were separated by SDS-PAGE, transferred onto PVDF membranes, and probed with primary antibodies against PIGK, TSPAN4, CD8, Pan-CK, and β-actin. Subsequent secondary antibody incubation and ECL detection were performed following standard protocols.

FCM Analysis of PD-L1 Expression. 
Tumor cells were collected, washed, and stained with 100 μL FITC-conjugated anti-PD-L1 antibody on ice for 30 minutes. After washing twice with PBS, samples were subsequently analyzed on a Cytoflex FCM. Data were processed using FlowJo software to calculate mean fluorescence intensity (MFI).

CD8+ T Cell–Mediated Tumor Cell Killing Assay. 
CD8+ T cells were isolated from the spleens of C57BL/6 mice using magnetic bead–based negative selection and pre-activated with anti-CD3 (2 μg/mL) and anti-CD28 (1 μg/mL) antibodies in RPMI-1640 medium containing 10% fetal bovine serum (FBS) and 100 IU/mL IL-2 for 24 h. MOC1 tumor cells were seeded into 96-well plates (5 × 103 cells/well) and pretreated with various conditions including Control, OE TSPAN4, MOF-919@CCM, OE TSPAN4 +MOF-919@CCM(+), and MOF-919@CCM(+). Pre-activated CD8+ T cells were then added at different effector-to-target (E: T) ratios (1:1, 5:1, 10:1, 20:1), and co-cultured with tumor cells for 5 hours. After incubation, culture supernatants were collected for lactate dehydrogenase (LDH) release assay (Beyotime, C0016) to evaluate tumor cell lysis. Apoptosis of tumor cells was assessed by FCM after staining with Annexin V-FITC and propidium iodide (PI). In parallel, levels of IFN-γ and TNF-α in the supernatant were measured using ELISA kits (eBioscience) according to the manufacturer's instructions.

Subcutaneous Tumor Model. 
MOC1 cells were cultured and expanded to sufficient numbers. A total of 3×106 cells were collected, resuspended in 100 μL of serum-free medium, and subcutaneously injected into the right flank of C57BL/6 mice with a 1-mL syringe. From day 7 post-injection, after tumor establishment, mice were randomly divided into five groups: Control (PBS), migrasomes, MOF-919@CCM, MOF-919@CCM(+), and MOF-919@CCM(+) + migrasomes. (+): Laser. MOF-919@CCM via tail vein injection (dose: 5 mg/kg), and laser irradiation was performed consecutively for 2 days. In the migrasomes and MOF-919@CCM(+) + migrasomes groups, mice were injected intraperitoneally with 100 μl PBS or 10 μg migrasomes diluted in 100 μl PBS every other day. Body weight was continuously recorded for two weeks. At the endpoint, Tumor tissues were divided for multiplex immunohistochemistry (mIHC) analysis. Tumor size (V, mm3) was calculated using the formula V = a × b2/2, where a and b represent the longest and shortest tumor diameters, respectively. Tumor volumes and body weights were monitored every other day. Biodistribution analysis was conducted at designated time points following the administration of MOF-919@CCM during the treatment phase. Half of the tumor tissue was snap-frozen in liquid nitrogen for subsequent Western blot analysis.

Histological Staining. 
After 14 days of various treatments, MOC1 tumor-bearing mice were euthanized, and tumors along with major organs (heart, liver, spleen, lung and kidney) were harvested and fixed in 4% PFA. Fixed tissues were processed for hematoxylin and eosin (H&E) staining. Stained tissue sections were scanned using an Aperio AT2 digital slide scanner.

mIHC analysis. 
Multiplex immunofluorescence was performed using a multiplex fluorescent immunohistochemical staining kit, according to the manufacturer's instructions. Briefly, tissue sections were dewaxed, rehydrated, quenched with 3% hydrogen peroxide, and subjected to heat-induced antigen retrieval. Sections were then sequentially incubated with primary antibody (1hour, room temperature), HRP-conjugated secondary antibody, and TSA fluorophore, with PBST washes between steps. For multiplex labeling, antibody stripping and repeated staining cycles were performed as needed. After the final cycle, sections were counterstained with DAPI, mounted, and scanned using a digital slide scanner (KF-FL-005, Ningbo Jiangfeng). Image analysis was performed with the HALO platform (Indica Labs).
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Supplementary Results
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Figure S1. EDS spectra of MOF-919@CCM.

[image: C:/Users/29247/Desktop/S 2.tifS 2]
Figure S2. (A) N2 adsorption-desorption isotherms and (B) BJH Pore size distribution of MOF-919-Cu-Al. 
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Figure S3. Concentration of Cu ions released from 1 mg of MOF-919@CCM in 1 mL PBS. Data are presented as mean ± SD.
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Figure S4. XPS survey spectrum of MOF-919@CCM.
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[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Figure S5. Cell viability of MOC1 cells incubated with (A) MOF-919 and (B) MOF-919@CCM at different concentrations without laser (n = 3). Statistical significance was calculated via one-way ANOVA followed by Tukey’s multiple comparison test. Data are presented as mean ± SD. ns, not signiﬁcant.
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Figure S6. (A) Representative FCM profiles showing the time-dependent cellular uptake of MOF-919 by MOC1 cells. (B) Quantitative analysis of fluorescence intensity at different incubation time points (n = 3). Statistical significance was calculated via one-way ANOVA followed by Tukey’s multiple comparison test. Data are presented as mean ± SD. ***p < 0.001. ns, not signiﬁcant.
[image: ]
Figure S7. (A, B) Live/dead staining and quantitative analysis of MOC1 cells treated with MOF-919 under laser irradiation. The cells were stained with calcein-AM (green, live cells) and PI (red, dead cells) and imaged by fluorescence microscopy. Scale bar: 150 μm (n = 3). Statistical significance was calculated via one-way ANOVA followed by Tukey’s multiple comparison test. Data are presented as mean ± SD. ***p < 0.001. 
[image: C:/Users/29247/Desktop/S 5.tifS 5]
Figure S8. Intracellular oxygenation in MOC1 cells after different treatments, detected using [Ru(dpp)₃]Cl₂ as an oxygen-sensitive fluorescent probe. The red fluorescence was quenched in the presence of oxygen, indicating O2 generated by MOF-919@CCM. Scale bar: 15 μm.

[image: C:/Users/29247/Desktop/S 6.tifS 6]
Figure S9. Representative FCM profiles of intracellular ROS in MOC1 cells stained with H2DCFDA after different treatments, (+): Laser.
[image: ]
[bookmark: _Hlk216183199]Figure S10. (A) Representative images of migrasomes and (B) Quantitative analysis of cell invasion in control MTCQ1 cells and TSPAN4-overexpressing (top). Scale bar: 10μm; Transwell assay evaluating the effect of OE TSPAN4 on the invasiveness of MTCQ1 cells (bottom). Scale bar: 50μm (n = 3). (C) Representative images of migrasomes and (D) Quantitative analysis of cell invasion in control MTCQ1 cells and TSPAN4 knockdown (top). Scale bar: 10μm; Transwell assay assessing the impact of siTSPAN4 on the invasiveness of MTCQ1 cells (bottom). Scale bar: 50μm (n = 3). Statistical significance was calculated using Student’s t test or one-way ANOVA followed by Tukey’s multiple comparison test. Data are presented as mean ± SD. ***p < 0.001. ns, not signiﬁcant.
[image: ]
Figure S11. (A) Migrasome formation of TSPAN4-overexpressing MTCQ1 cells captured by high content imaging. Scale bar: 5 µm. (B) Migrasome formation of siTSPAN4 MTCQ1 cells captured by high content imaging. Scale bar: 5 µm.
[image: S 9] Figure S12. Representative images of Transwell and Quantitative analysis of cell invasion of MOC1 cells under different treatments. Scale bar: 50μm (n = 3). Statistical significance was calculated via one-way ANOVA followed by Tukey’s multiple comparison test. Data are presented as mean ± SD. *p < 0.05, ***p < 0.001.
[image: C:/Users/29247/Desktop/S10.tifS10]
Figure S13. The cell death mechanism was determined by assaying for apoptosis using an Annexin V-FITC/PI apoptosis kit (E: T ratio = 10:1). G1, Blank; G2, Control; G3, OE TSPAN4; G4, MOF-919@CCM; G5, OE TSPAN4 + MOF-919@CCM(+); G6, MOF-919@CCM(+).
[image: ]
Figure S14. Representative IHC staining of HIF-1α in tumor sections from different groups. Scale bars: 50 μm. 

[image: S 11]
[bookmark: _Hlk216182581]Figure S15. Upper panel: Representative multiplex immunofluorescence images of tumors from the migrasomes group, mof-919@CCM group, and MOF-919@CCM (+) + Migrasomes group, showing the expression of DAPI (blue), PIGK (green), PD-L1 (yellow), CD8 (red), and PanCK (purple). Lower panel: Magnified views of the boxed regions. Scale bars: 200 and 100 µm. 
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