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Supplementary methods
Cobalt and diABZI exert synergistic cytotoxic effects against HCC cells
[bookmark: _Hlk191217361]The linear addition of the effects of cobalt ions and diABZI on the cell apoptosis (Alinear addition) was calculated as the following equation: Alinear addition = Acobalt + AdiABZI. The linear addition of the monotherapies on the percentage of CRT-positive (ICD) cancer cells was calculated following the formula of Clinear addition = Ccobalt + CdiABZI.
Cobalt and diBZI synergize against HCC cell
[bookmark: _Hlk191217585]To evaluate the synergistic antitumor effects, PLC/PRF/5 was treated with varying concentrations of CoCl2·6H2O (0 to 8000 µg/mL) and fixed concentrations of diABZI (10, 50, 80 µg/mL) for 48 hours. Cell viability was assessed using the CCK-8 assay in triplicate, and IC50 values were determined by fitting a best-fit trend line. Synergistic effects were quantified using the Chou-Talalay equation:
Combination index (CI) = 
[bookmark: OLE_LINK1]where  and  are the concentrations of diABZI and CoCl2·6H2O, respectively, required to achieve the IC50 effect in combination, and  and  are the concentrations required individually. Synergism was classified as follows: CI < 0.9 (synergistic), 0.9 ≤ CI < 1.1 (nearly additive), and CI ≥ 1.1 (antagonistic). The degree of synergism was graded as: + (Slight synergism, 0.85-0.90), ++ (Moderate synergism, 0.7-0.85), and +++ (Synergism, 0.3-0.7). 
Detection of PGE2 levels in tissue homogenates
[bookmark: _Hlk191218027]To prepare the liver cancer tissue sample, first, the surface blood was carefully rinsed using 1X PBS solution. Subsequently, the corresponding volume of 1X PBS was added to the liver cancer tissue according to the weight-to-volume ratio, and the tissue was carefully homogenized using a pre-cooled tissue grinder. After homogenization, the homogenate was centrifuged at 5000g for 5 minutes at a pre-cooled centrifuge. The supernatant obtained after centrifugation was then analyzed for PGE2 levels using ELISA analysis with a commercial PGE2 detection kit (CUSABIO).
Pharmacokinetics research of nanoparticles
[bookmark: OLE_LINK4]To explore the pharmacokinetics of Co+diABZI@J-dICG nanoparticles, 6 normal C57BL/6 mice were administered Co+diABZI@J-dICG or ICG at a dose of 2 mg/mL (100 µl/mouse) via tail vein injection. Blood samples were collected from mice via the tail vein at different time points (1min, 10min, 20min, 30min, 1h, 6h, 12h, 18h, and 24h). After standing, the samples were centrifuged, and the supernatant was collected for detection using an NIR-II fluorescence imaging system.
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[bookmark: _Hlk191217789]Figure S1. Cobalt and diABZI have a synergistic effect against HCC cell. (A) The dose-response curves of cobalt ions (CoCl2·6H2O) and diABZI in PLC/PRF/5 cell, with IC50 values calculated for each agent. (B) Cellular activity and dose-effect curves for combined treatments of diABZI with different concentrations of cobalt ions in PLC/PRF/5 cell. (C) Combination Index (CI) values for diABZI and cobalt ions in PLC/PRF/5 cell, indicating synergistic effects at various concentration ratios. CI values were calculated based on IC50 data obtained from (A and B). The synergistic effects are classified as follows: CI ≥ 1.1 indicates antagonism “-”, 0.9 ≤ CI < 1.1 indicates additivity “±”, 0.85 < CI < 0.9 indicates slight synergism “+”, 0.7 < CI < 0.85 indicates moderate synergism “++”, and 0.3 <CI < 0.7 indicates synergism “+++”. (D) Isobolograms illustrating the synergistic interaction of diABZI and cobalt ions, with individual drug IC50s marked by black squares on the axes. Red circles indicate observed effects of drug combinations, with positions below the line suggesting synergism and those above indicating antagonism. The distance of the red circles from the line represents the degree of synergistic or antagonistic effect.  
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Figure S2. Cobalt ions and diABZI synergistically promote ICD and activate the cGAS-STING pathway in HCC cells, inhibiting growth, and invasion, and inducing apoptosis. (A) CLSM images demonstrating the internalization and lysosomal release of Co+diABZI@J-dICG nanoparticles in PLC/PRF/5 cells over various time intervals (green: Co+diABZI@J-dICG, red: Lysotracker Red), scale bar 50 µm. (B) Transwell invasion analysis in PLC/PRF/5 cells following treatments with various drugs, scale bar: 100 µm. (C) Clone formation assay demonstrating the synergistic inhibition of PLC/PRF/5 cell growth by cobalt ions and diABZI. (D) Wound healing assay evaluating the migratory response of Hepa1-6 cells to various drug treatments, scale bar: 400 µm. (E) Visualization of ROS induction in PLC/PRF/5 cells after a 24-hour treatment with various drugs, as detected by DCFH-DA staining, scale bar: 50 µm. (F) Live/dead staining of PLC/PRF/5 cells after a 24-hour treatment with various drugs, scale bar: 100 µm. (G) Detection of CRT translocation to the cell surface in PLC/PRF/5 cells after treatments with various drugs for 24 hours using immunofluorescence (green: CRT, blue: DAPI), scale bar: 50 µm. (H) Co-localization analysis of HMGB1 with the nucleus in PLC/PRF/5 cells after treatments with various drugs for 24 hours using immunofluorescence (green: HMGB1, bule: DAPI), scale bar: 100 µm. (I) Western blotting analysis of cGAS-STING pathway proteins (TBK1, p-TBK1, IRF3, p-IRF3, STING, p-STING, and NF-κB) after treatments with different drugs for 48 hours. (J) Quantification of protein expression levels. (K) Western blotting analysis of apoptosis-associated proteins (Bax, Cleaved Caspase-9, Cytochrome C, Bcl-2, and Survivin) in PLC/PRF/5 cells after treatments with different drugs for 48 hours. (L) Evaluation of nuclear damage in PLC/PRF/5 cells after treatments with various drugs for 48 hours, as indicated by γ-H2AX staining (blue: nuclei, green: γ-H2AX, scale bar: 200 µm). (M) Assessment of mitochondrial membrane potential decline in PLC/PRF/5 cells after 48-hour drug treatment, as detected by JC-1 fluorescence staining (blue: nuclei, green: JC-1 monomer, red: JC-1 polymer, scale bar: 50 µm). (N) Assessment of mitochondrial-to-cytoplasmic dsDNA release in PLC/PRF/5 cells following 48-hour treatment with various drugs. (blue: nuclei, red: TOMM20, green: dsDNA probe, scale bar: 20 µm).
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Figure S3. Stimulation of BMDCs maturation and antigen-presenting capabilities by drugs, leading to the subsequent activation of splenic lymphocytes. (A) CD45+ & NK1.1+ cells after incubating splenic lymphocytes with different supernatants, and (B) MFI quantification for NK1.1 expression. (C) CD11b+ & CD86+ cells in splenic lymphocytes following incubation with various culture supernatants, with (D) MFI quantification for CD86 expression. 
[image: FigureS-3]
Figure S4. Assessment of anti-tumor activity of drug-loaded J-dICG nanoparticles in HCC models. (A) Changes in mean bioluminescence intensity of tumors in mice from various groups at different time points (n = 6). (B) Live and NIR imaging of the back aspects of liver specimens from various groups of mice (n = 3). (C) The proportion of mature DCs (CD11c+ & CD86+ & MHC II+) relative to total CD11c+ cells in tumors and spleens. (D) Quantification of the ratio of M1 (CD11b+ & CD86+) to M2 (CD11b+ & CD206+) macrophages in tumors and spleens. (E) Quantification of the proportion of CD3+ & CD8+ cells among total CD3+ cells in tumors and spleens. (F) Determination of CD107a+ cells prevalence within the CD11c+ cells population in tumors and spleens. (G) Evaluation of Tregs activity through quantification of FOXP3+ cells within the CD25+ cells in tumors and spleens (H). (I) Measurement of CD3+ & CD8+ tumor-infiltrating lymphocytes across various groups. (J) Determination of CD11c+ & CD8a+ tumor-infiltrating cells across various experimental groups. (K) Assessment of CD4+ & FOXP3+ infiltrating lymphocytes in tumors across different groups.
[image: FigureS-4]
Figure S5. Evaluation of tissue histopathology and serological markers in mice treated with various drug-loaded J-dICG nanoparticles. (A) Characteristic H&E-stained micrographs of heart, lung, spleen, kidney, and liver tissues in mice treated with various drug-loaded J-dICG nanoparticles, scale bar: 100 µm. (B) Assessment of serum biomarkers in mice treated with various drug-loaded J-dICG nanoparticles, encompassing ALT, AST, CREA, UREA, CK, and LDH levels.
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Figure S6. Evaluating the tumor-inhibiting effects of drug-loaded J-dICG nanoparticles in HCC models. (A) Quantitative analysis of cGAS-STING pathway-related protein (TBK1, p-TBK1, IRF3, p-IRF3, STING, p-STING, and NF-κB) expression levels in tumor tissues treated with different drug-loaded J-dICG nanoparticles. (B) Histological examination of tumor sections post-treatment with various drug-loaded J-dICG nanoparticles via H&E staining, scale bar: 100 µm. (C) Immunofluorescence analysis of Ki67 expression in tumor tissue sections, scale bar: 100 µm. (D) Detection of apoptotic cells in tumor sections using the TUNEL assay, scale bar: 100 µm. Analysis of CRT (E) and HMGB1 (F) expression in tumor sections by immunofluorescence, scale bar: 100 µm. (G) Quantitative analysis of necrotic area, Ki67+, TUNEL+, CRT+, and HMGB1+ cells in tumor sections post-treatment with various drug-loaded J-dICG nanoparticles and NIR irradiation. (H) Western blotting analysis of apoptosis-associated proteins (Bcl-2, Survivin, Bax, Cleaved PARP, Cytochrome C, Cleaved Caspase 9, and Cleaved Caspase 3) in tumor samples, and (I) the quantification of expression levels.
[image: FigureS-6]
Figure S7. Transcriptome analysis reveals the immunomodulatory effects of Co+diABZI@J-dICG nanoparticles and the underlying mechanisms by which Co+diABZI@J-dICG inhibits tumor growth. (A) Genomic expression profiling of immune cells infiltration and photothermal therapy-related genes, elucidating the molecular mechanisms behind treatment effectiveness (n = 3 independent samples). (B) Western blotting of various HCC cell lines showing different levels of PGDH expression. (C) Quantification of PGDH protein expression in PLC/PRF/5 cells following viral transduction. (D) CCK-8 assay detecting the proliferation ability of PGDH-knockdown PLC/PRF/5 cells. (E) Assessment of PGDH protein expression in HepG2 cells after viral transduction. (F) CCK-8 assay assessing the proliferation capacity of HepG2 cells with PGDH overexpression. (G) Live imaging of nude mice with sh-PGDH-PLC/PRF/5 cell-derived subcutaneous tumors following viral transduction, with multiple time point captures across various experimental groups (n = 3). (H) Live imaging of nude mice with subcutaneously implanted tumors from PGDH-overexpressing HepG2 cells after viral transduction, including sequential time point analyses for each experimental group. (I) Chart of mean bioluminescence intensity changes in tumors of mice across different treatment groups (Tumors derived from PLC/PRF/5 and sh-PGDH-PLC/PRF/5 cells, n = 3). (J) Chart of mean bioluminescence intensity changes in tumors of mice across different treatment groups (Tumors derived from HepaG2 and PGDH-OE-HepaG2 cells, n = 3).
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[bookmark: _Hlk191218234]Figure S8. Detection of PGE2 levels in homogenates of hepatocellular carcinoma tissue with different treatments. (A) Standard curve. (B) PGE2 levels in hepatocellular carcinoma tissue homogenates under various treatments (Tumors derived from PLC/PRF/5 and sh-PGDH-PLC/PRF/5 cells, n = 3). (C) PGE2 levels in hepatocellular carcinoma tissue homogenates under various treatments (Tumors derived from HepaG2 and PGDH-OE-HepaG2 cells, n = 3).
[image: ]
[bookmark: _Hlk191217111]Figure S9. Research on the pharmacokinetics of nanoparticles. (A) Detection of the fluorescence intensity of Co+diABZI@J-dICG nanoparticles and free ICG in mice serum at different time points (1min, 10min, 20min, 30min, 1h, 6h, 12h, 18h, and 24h).
[image: FigureS-6]
Figure S10. Co+diABZI@J-dICG nanoparticles in combination with NIR irradiation can effectively inhibit the recurrence of hepatocellular carcinoma after resection. (A) In vivo bioluminescence imaging of tumor recurrence post-incomplete tumor resection (n = 8).
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