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Materials and methods
Genome-wide CRISPR/Cas9 screening
Lentiviruses carrying the Ovalbumin (OVA) epitope (SIINFEKL) were introduced into Hepa1-6 cells, followed by infection with a genome-scale CRISPR/Cas9 knockout library (mTKOv2, #159392, Addgene) at a multiplicity of infection (MOI) < 0.3, ensuring that most transduced cells received only one virion. After subjecting the cells to 7 days of puromycin selection (5 μg/mL), the resulting target tumor cells were co-cultured with OVA-specific OT-I T cells, which had been activated by anti-CD3 and anti-CD28 antibodies (Invitrogen, Carlsbad, CA), at an E:T ratio of 1:1 for 12 h, resulting in approximately 80% tumor lysis. The control group was co-cultured with wild-type CD8+ T cells. Dead tumor cells and T cells were removed by medium replacement. Following an additional 48-h incubation, genomic DNA was extracted, and two rounds of PCR were conducted to construct the barcode-indexed sequencing library. The purified library was then sequenced using the Illumina HiSeq platform. Significantly depleted or enriched sgRNAs were identified using the MAGeCK algorithm.

Cells and animals
[bookmark: _Hlk176450902]The HEK293T, 97H, HepG2, Huh7, PLC/PRF/5, Li-7, LM3, SNU182, SNU387, and Hepa1-6 cell lines were purchased from the American Type Culture Collection (ATCC). Cell line identity was confirmed by short tandem repeats (STR) analysis. Mycoplasma and bacterial contamination were excluded. Hepa1-6 cells were injected subcutaneously into C57BL/6J mice, then the tumors were isolated and cultured in vitro. A new Hepa1-6 cell line with improved tumorigenicity was derived. 
Cells were cultured in Dulbecco’s minimum essential medium (DMEM) (Gibco) supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin, and 100 mg/mL streptomycin (Invitrogen). Passaging was limited to fewer than five generations in all experiments.
[bookmark: OLE_LINK2]C57BL/6J mice were acquired from the Guangdong Medical Lab Animal Center. NSG mice were obtained from Beijing Biocytogen. OT-I transgenic mice were procured from the Jackson Laboratory. All mice were housed under specific pathogen-free conditions and maintained in accordance with the animal experimental guidelines of Sun Yat-sen University.

Patients and specimens
The study cohort consisted of 765 HCC patients who underwent surgery between May 1, 2000, and May 1, 2015, at Sun Yat-sen University Cancer Center (SYSUCC). Within this cohort, 144 patients received combined immunotherapy, including adoptive cell transfer therapy, anti-PD-1/PD-L1, or anti-CTLA4 in conjunction with Sorafenib, Lenvatinib, or hepatic artery infusion chemotherapy (HAIC). None of these patients had previously undergone anti-tumor therapy at the time of diagnosis. All patients had an Eastern Cooperative Oncology Group performance status (ECOG) of 0-1. Formalin-fixed paraffin-embedded (FFPE) microarrays and the corresponding clinical information were also collected. An additional cohort comprising 47 HCC patients treated with anti-PD-1 in combination with Lenvatinib between May 1, 2019, and May 1, 2021, was also enrolled. The levels of the specified proteins were quantified via immunohistochemistry (IHC).

IHC
[bookmark: OLE_LINK1]Samples were sectioned into 4-5 mm thick slides and then incubated in a 60 °C oven for 2 h. They were then subjected to deparaffinization in dimethylbenzene twice for 10 min, and rehydration in a graded ethanol series of 100%, 95%, 90%, 80%, and 70%, followed by washing with running distilled water. Antigen retrieval was performed by subjecting the slides to high-pressure pre-treatment in citrate buffer (pH 6.0) for 2 min, and endogenous peroxidase activity was blocked with 0.3% H2O2 at 25 °C for 30 min. The slides were then incubated in a blocking solution consisting of 5% horse serum, 3% BSA, and 0.1% Tween-20 in PBS for 1 h at 25 ℃, followed by incubation with anti-BIRC2 (AF8181, RD systems), anti-NIK (PA5-100732, Invitrogen), anti-HLA-ABC (ab225636, Abcam), or anti-PD-L1 (#13684, CST) at 4 °C overnight in a humidified chamber. As for mouse specimen, anti-CD8 (ab217344, Abcam), anti-CD4 (ab183685, Abcam), anti-CD68 (14-0681-82, Invitrogen), anti-SMA (#19245S, CST), anti-CD11b (#17800S, CST) and anti-CD20 (#70168S, CST) were used. On the following day, the slides were washed three times with PBS, incubated with horseradish peroxidase (HRP)-labeled goat anti-rabbit IgG (SAP-9100, Zsbio) for 1 h at 25 °C, washed with PBS, stained with 3,30-diaminobenzidine tetrahydrochloride (DAB), and counterstained with hematoxylin.
Criteria used for quantifying the staining of BIRC2, NIK, HLA-ABC, and PD-L1 IHC: (1) The expression of BIRC2 in the cytoplasm of tumor cells was evaluated; (2) The expression of NIK in the cytoplasm and nuclei of tumor cells was evaluated; (3) The expression of HLA-ABC and PD-L1 on the membrane of tumor cells was evaluated; (4) The intensity of the staining was semi-quantitatively evaluated: no staining, or very faint staining in less than 10% of the tumor cells (scored 0), faint or weak staining (scored 1), moderate staining (scored 2), intense staining (scored 3); (5) Staining at the margin of the tissue was not included; (6) The score for each tissue was calculated by multiplying the staining intensity value by the percentage value. (7) Three independent pathologists, who were blinded to the clinical information of the patients, assessed and scored the staining. The final score was determined as the average score provided by the three pathologists.
The IHC cut-off for classifying target protein expression as high or low was determined through receiver operating characteristic (ROC) curve analysis. Patients with scores exceeding the obtained cutoff value were categorized as having high expression, while those below were classified as having low expression.

qRT-PCR
Total RNA was extracted using Trizol reagent (Invitrogen). Subsequently, cDNA was synthesized using the Moloney murine leukemia virus reverse transcriptase (Promega). A quantity of 100 ng of cDNA template was then subjected to qRT-PCR analysis conducted on a CFX96 real-time PCR detection system (Bio-Rad) using specific forward and reverse primers in accordance with the manufacturer’s protocol (TransGen Biotech). The expression levels of BIRC2 were normalized relative to the Actin control, while 18S rRNA was used as the internal control for quantifying mRNA levels. Fold changes were analyzed using the -ΔΔCt method.
The following primers were employed:
BIRC2 Forward: 5’-GAATCTGGTTTCAGCTAGTCTGG-3’;
BIRC2 Reverse: 5’-GGTGGGAGATAATGAATGTGCAA-3’;
ACTB Forward: 5’-CATGTACGTTGCTATCCAGGC-3’;
ACTB Reverse: 5’-CTCCTTAATGTCACGCACGAT-3’.

Western blot
Cells were lysed using RIPA lysis buffer (ThermoFisher Scientific, Waltham, MA, USA) supplemented with protease inhibitor (Sigma Aldrich, St. Louis, MO, USA). Protein concentration was determined using the bicinchoninic acid (BCA) assay (ThermoFisher Scientific, 23227) and then diluted in sample loading buffer (Beyotime).
A quantity of 20 μg of protein was introduced into each well, followed by separation via electrophoresis (Bio-Rad) in a 10% sodium dodecyl sulfate-polyacrylamide gel. Proteins were then transferred onto a polyvinylidene difluoride (PVDF) membrane (Amersham Pharmacia Biotech), followed by incubation with 5% BSA blocking solution at 25 °C for 1 h, and then incubated with primary antibodies that were prepared in 2% BSA at 4 °C overnight. On the following day, the PVDF membrane was washed with 0.1% TBST, and incubated with HRP-linked secondary antibodies. The protein bands were visualized using enhanced chemiluminescence (Bio-Rad).
The following primary antibodies were employed:
Anti-BIRC2 (#7065), anti-GAPDH (#5174), anti-NFκB p65 (#8242), anti-pNFκB p65 Ser536 (#3033), anti-NFκB p105/p50 (#12540), anti-NFκB p100/p52 (#3017), anti-NIK (#4994), anti-PD-L1 (#13684), anti-Caspase7 (#12827), anti-Caspase8 (#9746), anti-Caspase9 (#9508), anti-PARP (#9542), anti-IFNGR1 (#10405), anti-JAK1 (#3344), anti-pJAK1 Tyr1034/1035 (#74129), anti-JAK2 (#3230), anti-pJAK2 Tyr1007/1008 (#3776), anti-STAT1 (#14994), anti-pSTAT1 Tyr701 (#7649), anti-pSTAT1 Ser727 (#8826), anti-IRF1 (#1478), anti-PCNA (#13110), anti-ERK1/2 (#4695), anti-pERK1/2 Thr202/Tyr204 (#4370), anti-β-actin (#3700), all of which were procured from Cell Signaling Technology (CST, Danvers, MA, USA). Anti-HLA-ABC (ab225636) was acquired from Abcam (Cambridge, UK).

Generation of stable cell lines
The plasmids of interest were co-transfected with psPAX2 (#12260, Addgene) and pMD2.G (#12259, Addgene) at a ratio of 3:2:1 into HEK293T cells. The lentivirus supernatant was collected 48 h post-transfection and filtered using a 0.22 μm strainer (Millipore). Tumor cells were transduced with lentiviral supernatant containing 4 mg/mL polybrene per well and incubated at 37 °C for 24 h. The medium was then replaced with DMEM supplemented with 10% FBS. Stable cell lines were established by subjecting them to selection with 5 mg/mL puromycin for three days, and thereafter maintained with 2 mg/mL puromycin.
sgRNAs were cloned into LCV2 vectors, while shRNAs were cloned into pLKO.1 vectors. Empty or control vectors were used for the generation of control cells.
The sgRNA sequences (5′–3′):
Mouse BIRC2 sgRNA 1: 
5’-ATTTGGCGTGTTCTATCCAG-3’;
Mouse BIRC2 sgRNA 2: 
5’-AATTAAGAGGGCTAGAGCAC-3’.
The shRNA sequences (5′–3′):
Human BIRC2 shRNA 1:
5’-CCGGATGCTGACCCACCAATTATTCCTCGAGGAATAATTGGTGGGTCAGCATTTTTTG-3’;
Human BIRC2 shRNA 2:
5’-CCGGGCTGCGGCCAACATCTTCAAACTCGAGTTTGAAGATGTTGGCCGCAGCTTTTT-3’;
Human BIRC2 shRNA 3:
5’-CCGGTGGTTAAATCTGCCTTGGAAACTCGAGTTTCCAAGGCAGATTTAACCATTTTT-3’.

Cell viability assay
Cell viability was assessed using a CCK8 kit (MA-0218, Meilunbio). Briefly, cells were plated in 96-well plates at a density of 4 × 103 cells per well. Following 48-h incubation, 10 μL of the CCK8 solution was added to each well. After an additional 4-h incubation period, the absorbance at 450 nm was quantified using a microplate reader (Tecan Infinite 200 Pro).

RNA-seq
Total RNA was extracted using RNeasy columns (Qiagen), followed by library preparation utilizing the NEB Next Ultra RNA library preparation kit, in accordance with the manufacturer's instructions. RNA-seq was executed on the Illumina platform, and subsequent data analysis exclusively utilized high-quality clean data. Gene expression values were calculated using expectation maximization data normalization, and performed individually within each sample to align with the upper quartile of the total reads. To identify differentially expressed genes in the digital gene expression data, statistical routines from edgeR were employed, employing a model grounded in a negative binomial distribution. The Benjamini-Hochberg method was implemented to control the false discovery rate, thereby adjusting the obtained P values.
To analyze the biological functions and pathways associated with BIRC2, KEGG and GSEA were carried out. These analyses incorporated the Molecular Signatures Database (MSigDB) H (hallmark gene sets) collection of chemical and genetic perturbations, as well as KEGG subsets encompassing canonical pathways and cancer modules. Results were presented using normalized enrichment scores, accounting for the size and extent to which a gene set exhibited overrepresentation in the upper or lower extremities of the ranked gene list (with nominal P value < 0.05 and FDR ≤ 0.25).

Immunofluorescence (IF)
For IF analysis, antibodies including anti-PD-L1 (#13684), anti-NFκB p65 (#8242), anti-NFκB p100/p52 (#3017), anti-BIRC2 (#7065), and anti-NIK (#4994) were procured from CST, while anti-HLA-ABC (ab225636) was sourced from Abcam.
HCC cells were seeded onto confocal dishes, followed by administration of the specified treatments. Then the cells underwent fixation in 4% paraformaldehyde, permeabilization using 0.2% Triton X-100, blocking with 5% bovine serum albumin (BSA), and incubation with primary antibodies at 4 °C overnight. On the following day, the cells were washed with PBS and incubated with Alexa Fluor 594-conjugated anti-rabbit IgG (A-11012, Invitrogen) and Alexa Fluor 488-conjugated anti-mouse IgG (A-10680, Invitrogen) for 1 h at room temperature. Nuclei were counterstained with DAPI (Beyotime). Fluorescent images were captured using a laser confocal fluorescence microscope (ZEISS LSM 880), and image processing and quantification were performed utilizing the ZEN software.

Co-immunoprecipitation (Co-IP)
The following antibodies were used for immunoprecipitation: anti-BIRC2 (#7065) from CST, anti-NIK (ab80418) from Abcam, anti-Flag agarose beads (A4596) from Sigma Aldrich, and anti-HA-tag (sc-7392) from Santa Cruz.
The procedure began with cell lysis in IP lysis buffer (ThermoFisher Scientific) containing a cocktail of protease inhibitors. Then 20 μL of protein A/G agarose beads (#78609, ThermoFisher Scientific) were introduced and incubated at 25 °C for 1 h to eliminate nonspecific binding. The cell lysate was then incubated with 1 μg of the specified antibodies at 4 °C overnight. On the following day, 50 μL of protein A/G agarose beads were added and incubated for an additional 2 h. Following a cold IP lysis buffer wash, the eluted proteins were employed for LC/MS or Western blot analysis.
For ubiquitination analysis, PLC cells infected with shBIRC2 or shLacZ were transfected with HA-tagged Ub overexpression plasmids. The cell lysate was incubated with anti-Ub antibody, and the level of NIK was then assessed by Western blot analysis.

Luciferase reporter assay
Briefly, cells were seeded in 12-well plates at a density of 1.4 × 105 cells per well and then transfected with 0.8 μg of the promoter-luciferase plasmid. To standardize the transfection efficiency, the cells were co-transfected with 8 ng of Renilla luciferase (pRL-CMV). Following 48 h of transfection, luciferase activity was assessed using a Dual-Luciferase Assay kit (E1910, Promega). Three independent experiments were conducted, and the resultant means and standard deviations are presented.

Chromatin immunoprecipitation (ChIP)
The ChIP assay was conducted according to the procedure outlined in the ChIP Assay Kit (#17-10085 and 17-10086, Millipore). In brief, cells were cultured in 15 cm plates until reaching a confluence of 70-80%. To initiate cell fixation, Complete Cell Fixative Solution (at 1/10 the volume of the growth medium) was added to the culture medium. The fixation process was halted by introducing Stop Solution (at 1/20 the volume of the growth medium) to the culture medium. Subsequently, the cells were harvested by centrifugation, and the resulting nuclear pellet was re-suspended in ChIP Buffer. Following sonication, the cell lysate was incubated with 5 μg of anti-NFκB p65 (#8242, CST) or control IgG (#7074, CST) antibodies overnight, followed by an overnight incubation with protein A/G agarose beads at 4 °C. The bound DNA-protein complexes were eluted, and the cross-links were reversed following a series of washes. The immunoprecipitated DNA was then purified and quantified using qRT-PCR. The results were normalized to the input control.

T cell activation and cytotoxicity assay
C57BL/6J or OT-I mice were euthanized, and their spleens and mesenteric lymph nodes were harvested and homogenized using a 70 mm cell strainer. Red blood cells were eliminated using ACK lysis buffer. CD8+ T cells were isolated using the Dynabeads mouse CD8 negative selection kit (Invitrogen). Cells were cultured in complete RPMI-1640 medium supplemented with 10% FBS, 20 mmol/L HEPES, 1 mmol/L sodium pyruvate, 0.05 mmol/L 2-mercaptoethanol, 2 mmol/L L-glutamine, 100 mg/mL streptomycin, and 100 mg/mL penicillin (Invitrogen).
Peripheral blood mononuclear cells (PBMC) were isolated from healthy donors and cultured in complete RPMI-1640 medium with IL-2 (1000 IU/mL; Pepro Tech).
For apoptosis assay, tumor cells and T cells were co-cultured at 37 °C for 12 h. Tumor cells were stained with 5 μL of Annexin V-FITC and PI (GDSBio) and analyzed using flow cytometry (FCM).
For clone formation assay, following a 12-h co-culture with T cells, T cells were removed, and tumor cells were further cultured for an additional 7 days. The colonies were fixed with methanol, stained with 0.1% crystal violet, and quantified.

Isolation of T cells and FCM
The mice were euthanized at designated time points. Subcutaneous tumors were excised, diced into small fragments in petri dishes, and rinsed thrice with PBS. The tumor sections were then enzymatically digested using 15 mL of RPMI-1640 medium supplemented with 2% FBS, 50 U/mL Collagenase Type IV (Invitrogen), and 20 U/mL DNase (Roche, Basel, Switzerland) at 37 °C for 2 h. The digested tissues were subsequently transferred into Miltenyi C tubes and processed using the "m_tumor_01" program on the gentleMACS Dissociator (Miltenyi Biotech). The resulting cell suspensions were washed three times with cold PBS and strained through a 70 mm mesh. Following this, 50 mL centrifuge tubes containing 15 mL of mouse Percoll (Sigma Aldrich) were loaded with 15 mL of the cell suspension, gently centrifuged at 450 g for 30 min, and the hazy lymphocyte layer was pipetted for further analysis. These lymphocytes were stained with specified antibodies and analyzed using BD FACSAria II (BD Biosciences). Data analysis was performed using the FlowJo v10 software.
For membrane staining, T cells were incubated with antibodies at 4 °C for 30 min and then washed twice with PBS.
Intracellular cytokine analysis was performed by restimulating T cells isolated from tumors with precoated anti-CD3 and anti-CD28 antibodies along with Brefeldin A for 4 h in vitro. Membrane staining was carried out first, followed by fixation in the fixation solution at room temperature for 1 h. Subsequently, the cells were stained with antibodies diluted in permeabilization solution at 4 °C for 45 min. Fluorescence minus one staining served as controls.
Antibodies were procured from BioLegend (San Jose, CA, USA) and eBioscience. The following antibodies were used:
BUV737-conjugated anti-CD8
BUV395-conjugated anti-CD4
FITC-conjugated anti-CD25
FITC-conjugated anti-CD45.1
BV421-conjugated anti-IFNγ
APC-conjugated anti-TNFα
PE-conjugated anti-HLA-ABC
APC-conjugated anti-PD-L1
BV421-conjugated anti-LAG-3
APC-conjugated anti-TIM-3
PE-conjugated anti-mouse H2Kb bound to SIINFEKL

In situ HCC mouse models
In the DEN/CCl4 model, two-week-old C57BL/6J mice were intraperitoneally injected with DEN (100 mg/kg) and CCl4 (0.5 mL/kg, dissolved in olive oil) on a weekly basis for a continuous 20-week period. This led to the development of nodules in 100% of the animals. Subsequently, LCL161 (CAS 1005342-46-0, TargetMol) was administered intraperitoneally at a dosage of 5 mg/kg every 3 days, starting either from the 22nd or 24th week following the initial DEN/CCl4 injection, representing early- or late-stage tumors, respectively.
In the c-Myc model, genotypic identification was carried out via PCR using mouse tail extracts. At 24 weeks of age, the mice were subjected to intraperitoneal injections of LCL161.

Anti-BIRC2 and anti-PD-1 therapy
[bookmark: OLE_LINK3]Mice harboring Hepa1-6-OVA tumors received an intravenous adoptive transfer of activated OT-I T cells (3 × 106 cells). Subsequently, they were randomly allocated into four groups. Each group was treated with DMSO, LCL161, anti-mouse PD-1 antibody (BE0273, Bio X Cell), or a combination of LCL161 and anti-PD-1 antibody. LCL161 was administered intraperitoneally at a dose of 5 mg/kg every three days for a total of five administrations. Anti-PD-1 antibody was intraperitoneally injected at a dose of 200 mg/mouse every 7 days for a total of two administrations. Tumor dimensions were measured every three days, and survival rate of the animals was documented until the experimental endpoint, defined as when the tumor diameter reached 15 mm.

TUNEL staining
Tumor sections were fixed with 4% paraformaldehyde for 30 minutes. Following fixation, apoptosis was detected and quantified at the single-cell level using a one-step TUNEL assay kit (MA0223, Meilunbio) based on immunofluorescence. This method identifies DNA strand breaks through targeted labeling, and all steps were carried out in strict accordance with the manufacturer’s protocols.

Statistical analysis
Adequate sample sizes were employed to ensure robust statistical analyses, which were conducted utilizing GraphPad Prism and SPSS software. Data, when combined, are presented as either mean ± SD or mean ± SEM. The comparison of two means was performed using the two-tailed Student's t-test. One-way ANOVA was applied for comparing multiple datasets with one set of controls. In cases where the data did not follow a normal distribution, the two-tailed Mann-Whitney U test was used to compare the results between two independent groups. OS, DFS, and PFS were estimated using the Kaplan-Meier method and assessed with the log-rank test. OS was defined as the duration from diagnosis to death, DFS as the interval from diagnosis to the first progression, relapse event, or cancer-related death, and PFS as the span from diagnosis to the first progression event. Statistical significance, as described in the figure legends, was established, with a significance level of P < 0.05.

Supplementary figures
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Figure S1. The impact of BIRC2-KO on innate and adaptive immunity.
A. Expression of BIRC2 in Hepa1-6-OVA cells infected with sgBIRC2.
B. Cell viability of Hepa1-6-OVA cells infected with sgBIRC2.
C. Representative IHC images of CD11b in tumors harvested from C57BL/6J mice.
D. Representative IHC images of CD68.
E. Representative IHC images of α-SMA.
F. Representative IHC images of CD8.
G. Representative IHC images of CD4.
H. Representative IHC images of CD20.
Representative of three independent experiments. Statistical analysis was performed on biological replicates (n = 3); each value represents mean ± SD; two-sided Student t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure S2. The expression and function of BIRC2 in human HCC cells.
A. Expression of BIRC2 in human HCC cell lines.
B. Expression of BIRC2 in PLC cells infected with shBIRC2.
C. Cell viability of PLC cells infected with shBIRC2.
D. Tumor growth of PLC cells in NSG mice.
E. Schematic representation of the competitive assay.
F. Apoptosis of PLC cells after challenging with PBMC.
G. Clone formation of PLC cells after challenging with PBMC.
Representative of three independent experiments. Statistical analysis was performed on biological replicates (n = 3); each value represents mean ± SD; two-sided Student t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure S3. BIRC2 expression in HCC tissues.
A. Expression of BIRC2 protein in tumor tissues and adjacent non-tumorous liver tissues.
B. Expression of BIRC2 mRNA in tumor tissues and adjacent non-tumorous liver tissues.
C. Representative IHC images of BIRC2 at the interface between the tumorous and non-tumorous regions.
D. Expression of BIRC2 protein in different histological subtypes.
E. Correlation analysis of BIRC2 and CTL infiltration in the GSE10143 database.
F. Correlation analysis of BIRC2 and CTL infiltration in the GSE10186 database.
Representative of three independent experiments. Statistical analysis was performed on biological replicates (n = 3); each value represents mean ± SD; two-sided Student t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure S4. BIRC2 expression correlates with poor survival and T cell dysfunction.
A. Kaplan-Meier analysis of BIRC2 expression in TCGA and GSE27150 database.
B. Expression of BIRC2 protein in HCC with different etiologies.
C. Kaplan-Meier analysis of the OS comparing high and low BIRC2 expression in HCC with different etiologies (n = 765).
D. TIDE plot showing OS in melanoma patients.
E. TIDE plot showing the correlation between BIRC2 expression and CTL-associated survival benefits in melanoma.
F. TIDE plot showing the correlation between BIRC2 expression and CTL-associated survival benefits in lung cancer.
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Figure S5. BIRC2 inhibits IFNγ response in HCC cells.
A. GSEA indicates activation of the "Interferon Gamma Response" process in PLC cells infected with shBIRC2.
B. Cell viability of PLC cells.
C. Apoptosis of PLC cells.
D. Activation of the caspase cascade in PLC cells.
E. Expression of H2Kb and PD-L1 on the membrane of Hepa1-6-OVA cells.
F. Expression of H2Kb/SINFEKL on the membrane of Hepa1-6-OVA cells.
Representative of three independent experiments. Statistical analysis was performed on biological replicates (n = 3); each value represents mean ± SD; two-sided Student t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure S6. BIRC2 interacts with NIK.
A. Potential interactors with BIRC2 predicted by the GeneMANIA database.
B. Proteins immunoprecipitated by anti-BIRC2 antibody.
C. Co-IP assay of BIRC2 and NIK in Hepa1-6 and HEK293T cells.
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Figure S7. TNFα transcriptionally induces the expression of BIRC2 via NFκB p65.
A. BIRC2 expression in PLC cells treated with different cytokines.
B. BIRC2 expression in PLC cells treated with TNFα.
C. Motif analysis predicting two binding sites of NFκB p65 to the transcription start sites (TSS) of the BIRC2 promoter.
D. Luciferase reporter assay in HEK293T cells.
E. Luciferase reporter assay in PLC cells.
F. ChIP assay in PLC cells.
Representative of three independent experiments. Statistical analysis was performed on biological replicates (n = 3); each value represents mean ± SD; two-sided Student t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure S8. The selection and function of BIRC2 inhibitors.
A. Apoptosis of T cells treated with LCL161.
B. Apoptosis of PLC cells pre-treated with LCL161 and challenged with PBMC.
[bookmark: _Hlk192938423]C. Expression of HLA-ABC and PD-L1 in PLC cells treated with IFNγ and LCL161.
Representative of three independent experiments. Statistical analysis was performed on biological replicates (n = 3); each value represents mean ± SD; two-sided Student t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure S9. Therapeutic effect of BIRC2 blockade in DEN/CCl4 HCC model.
A. Schematic depiction of the DEN/CCl4 model treated with LCL 161.
B. Representative images of tumors in the DEN/CCl4 model.
C. Representative HE images of tumor-infiltrating lymphocytes.
D. Representative IHC images of CD8 and CD4.
E. Levels of BIRC2 protein in tumor tissues from the DEN/CCl4 mouse model.
Representative of three independent experiments. Statistical analysis was performed on biological replicates (n = 3); each value represents mean ± SD; two-sided Student t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure S10. Therapeutic effect of BIRC2 blockade in c-Myc HCC model.
A. Representative images of tumors in the c-myc model.
B. Representative HE images of tumor-infiltrating lymphocytes.
C. Representative IHC images of CD8 and CD4.
Representative of three independent experiments. Statistical analysis was performed on biological replicates (n = 3); each value represents mean ± SD; two-sided Student t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure S11. BIRC2 blockade promotes anti-tumor function of T cells.
A. Production of IFNγ and TNFα in CD8+ and CD4+ T cells in vitro.
B. KEGG analysis of significant pathways up-regulated in T cells treated with LCL161.
C. Processing of NFκB p105/p50 and p100/p52 in T cells.
D. Production of IFNγ and TNFα in CD8+ and CD4+ T cells in vivo.
Representative of three independent experiments. Statistical analysis was performed on biological replicates (n = 3); each value represents mean ± SD; two-sided Student t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure S12. BIRC2 overexpression promotes T cell exhaustion.
A. CD25 expression in CD8+ and CD4+ T cells.
B. Proliferation of T cells manifested by CFSE dilution.
C. Expression and phosphorylation of ERK1/2 in T cells.
D. LAG-3 and TIM-3 expression in CD8+ and CD4+ T cells transfected with BIRC2-overexpression (OE) plasmids.
Representative of three independent experiments. Statistical analysis was performed on biological replicates (n = 3); each value represents mean ± SD; two-sided Student t test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure S13. Clinical significance of NIK expression in HCC patients.
A. Representative IHC images of NIK in HCC tissues.
B. Kaplan-Meier analysis of OS comparing high and low NIK expression in HCC patients (n = 765).
C. Kaplan-Meier analysis of DFS comparing high and low NIK expression in HCC patients (n = 765).
D. Kaplan-Meier analysis of PFS comparing high and low NIK expression in HCC patients treated with anti-PD-1 plus Lenvatinib (n = 47).
E. Correlation analysis of BIRC2 and NIK expression in HCC patients.
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Figure S14. Clinical significance of HLA-ABC expression in HCC patients.
A. Representative IHC images of HLA-ABC in HCC tissues.
B. Kaplan-Meier analysis of OS comparing high and low HLA-ABC expression in HCC patients (n = 765).
C. Kaplan-Meier analysis of DFS comparing high and low HLA-ABC expression in HCC patients (n = 765).
D. Kaplan-Meier analysis of PFS comparing high and low HLA-ABC expression in HCC patients treated with anti-PD-1 plus Lenvatinib (n = 47).
E. Correlation analysis of BIRC2 and HLA-ABC expression in HCC patients.

[image: ]

Figure S15. Clinical significance of PD-L1 expression in HCC patients.
A. Kaplan-Meier analysis of PFS comparing high and low HLA-ABC expression in HCC patients treated with anti-PD-1 plus Lenvatinib (n = 47).
B. Correlation analysis of BIRC2 and PD-L1 expression in HCC patients.
1

2

image4.tiff
Figure S4

TCGABIRC2 GSE27150 BIRC2 B
o P s . 400
. o s o 300
H £ s
2 2 =}
£ ow £ o 2 200 .
H ¢ g
@ oz @ oz 3 400 —_
oo . 8
1. i — e
soo| Tz 2as2) PN - - £
% w % ® D % Ea
Mo o
e s P ' o 2 v w1 e §é
D :
Melanoma Hugo Melanoma Riaz
o o
100 2 — =
—— HBV BIRC2 low @ O ]
- _ 3 3
g —— HBV BIRC2 high g . P=00142 °
g —— NASH BIRC2 low g o =
2 5 2
§ - NASH BIRC2 high § 2 A
K -~ Other BIRC2 low & «of BRe2HA( o
—— Other BIRC2 high | BIRC2 low (i
e o o
0+ =3 o
0 100 200 300 0 200 400 600 800 1000 0 100 300 500 700
0S Time (Months) OS Time (Days) PFS Time (Days)
Melanoma P =0.00319 F Lung cancer P=0.0076
BIRC2 high BIRC2 low BIRC2 high BIRC2 low
e e e °
o ® 1| « «
_ 3 3 _ 3 3
g o o]l R ©
e 31, e 3
2 2
2 « 2 o <
£ o S11 ] S -
3 3
s ol 5o o
S cTLhgh(n=11) S| arhh@=11) _ S ctLhnn °
o] CTLlow (n=10) o] CTLiow (n=10) o] CTLIow (n o
3 3 3 3
0200 600 1000 1400 0 500 1000 1500 0 20 40 60 80 0 20 40 60 80
OS Time (Days) 0S Time (Days) 0OS Time (Days) 0OS Time (Days)




image5.tiff
Figure S5

A

g
4
]
T

NES = 1.37 !
P<001

© shLacz
© shBIRC2

w
w
0-
& 3
IFNy- IFNy +
017 = 125
- SgGFP

029 - 9.9
. SgBIRC2
HaKp ——————————— >

© sgGFP
0O sgBIRC2

AnnexinV ———»

3 shacZ
O shBIRC2

§ 80-
; 60-
8
g 40
g
2 2
0
Y W
<& <
IFNy - IFNy +
- 0.44 18.1

shLacZ

shBIRC2

SgBIRC2

shLacZ shBIRC2
———
4

IFNy - IFNy +

9.2

) sgGFP
O sgBIRC2

H2Kb/SIINFEKL (%)

30.1

Caspase8

Caspase9

Caspase7

SgGFP

SgBIRC2




image6.tiff
Figure S6

TRAF2 ES

& N
- QQ‘ BIRC2

TRAF1
7 MAP&M

input

HEK293T

e —h

input  1gG  BIRC2  NIK




image7.tiff
Figure S7

6-
A B C
°
)
s BIRC2
5 65 P65
R —
N M 1661 1652 -874  -865
S & J & & (& S R S S
o§ oSS «é «é «v\/\g o°($ “oa B & Qo\
& & N
D HEK293T E PLC F
0 40. 12 =N
z 4 —— 2 % — T E _m Capes
g g H
o P £
2 2 5 e
= 10. 5 10 ns °
3 fe &
o o co= L —
BIRC2 - - + + BIRC2 - - * * -1661~-1652  -874~-865

5 -+ -+ pe5 -+ -+




image8.tiff
Figure S8

A

Control LCL161 Birinapant APG1387 AZD5582 4

Apoptosis (%)
n

Annexin V/ (\"0

L&A
oS S
Vet & W
B IFNy - IFNy + C
DMSO % = owso
S = LCL16t
2 2
5 ]
£
- g
S
2
<
LCL161 IFNy - + - +
kd LCL161 - - + +

AnnexnV ——




image9.tiff
Figure S9

A B ~ 10, = Contel
_ S
: c
27w =
Control  §
LcLiel T 4
— g
DEN/CCI,
S 2 S oo
4y 200 e R
LeL1et 5
4% L, @ - ) [
GETETE TIOEER
27w

40X 100X 200X 4% 100 X 200

Letiet

0% =5 00X : 40X 100X 200X
2 Control

Control LcL1st

— e ‘BIRC?

ﬁ GAPDH

27w 2w 27w 29w

Control

Letet





image10.tiff
Figure S10

Control

LcLtet

Control

LoL161




image11.tiff
Figure S11

A

Control LCL161 Control LCL161

< ] 61 —_ o B 5( l
. = = “ = 4 ==
#150.2 S > 1 309 #1435 £ 5
. > = Z . > ==
. £ o - | £
. ’ PRI o ’ . PR " RSP
e v 6 o N v 5 ud
] « 9 = ] 2« =
8 < 4 2oy <,
< 1206 46.7 ] —— L 71 200 424 5 ==
i Pt
£ Z, (S| z 2
S B = b " =
g : ! ’ L
. o : .

Genes defining inflammatory response.

PO i $ —————
Gornesup reudaid b eacive xigen $pecies . 05 — —| 0105
Gonwt i ropisted g Fanapen focion. ‘

‘Genes encoding components of apical junction complex.
Genes encoding proteins involved in processing of drugs and other xenabiolcs.

Ganes red n DN repar

s ity ST b S . R = e |50
Genes maved n 553 patiays andrevorks

08 — —— S o0

L]

‘Genes defining epihelia-mesenchymal ransiton.
Genes up-reguiated i response fo IFNG.
Genes encoding proteins involved in oxidatve phosphorylaton.
. Gene Number
2
Genes up-reguiated during adipocyle diferertiaton.
‘Genes encaing components o peroxisome. o4
Genes up-reguiated by actvation of WNT signaing.
Genes encoding proteins over-represenfed on the agical surface of epithelal cells

A subgroup of genes regulated by MYC.
o5
‘Genes up-regulated during unfolded protein response. ] o: }--
‘Genes encoding prteins involved In metabolsm of faty acids.o [} o

Genes up-reguiated in response o UV radiaton.

© o ot o o LCL161 - + - +
Rich Ratio
D Control LCL161 Control LCL161
30 - 30 .
“ 20, _:[_ 20, —

IFNy (%)

1°[a:—|
0.

i 15 15
5.83 T ISRl = £ 10
3 g ~ ==
- w 5. z w
. 3 = z
= =
0.





image12.tiff
Figure S12

A cos co4
Control LCL161 Control LCL161
10! ns. 10! ns.
g 8
o - 80.9 E«a o= - Es
3. & 4 3. & 4
b O 2 B O 2
T T 3 S T e 3 T
D25 —— > & X RS
Sy RS
B co8 cD4
Control
(o]
12
2]
LcL161 ‘ W‘ B-actin
CFSE — B . N B oLt -+ - 4+ -+ -+
D Vector

Vector BIRC2-OE

2
2

b

L7 H

LAG-3
LAG-3

LAG-3 (%)
N
S

TIM-3
TIM-3





image13.tiff
Figure S13

A NIK high

B C
100 —— NIKlow 100 —— NIKlow
—= NIK high —— NIK high
g
2
3
E’ n=765 P<0.05 n=765 P<0.05
5
a

o+ - . . . . o+ - . - - L
0 5 100 150 200 250 0 50 100 150 200 250
OS Time (Months) DFS Time (Months)
D PD-1 Ab + Lenvatinib E
30
100 —— NIK low
—— NIK high -

501 n=47 P<0.05

BIRC2
N
S

Percent survival

R?=0.06918 P <0.001

T T T T 1 T T 1
0 100 200 300 400 500 0 100 200 300
PFS Time (Days) NIK




image14.tiff
Figure S14

A HLA high HLA low

100 —— HLAlow 100 —— HLAlow
—— HLA high —— HLA high
] 3
2 S
H H
3 5 2
2 2 50
8 8
5 n-765  P<0.001 5 n=765  P<0.001
a a
0 T T T T 1 0+ T T T T Y
0 50 100 150 200 250 0 50 100 150 200 250
OS Time (Months) DFS Time (Months)
D PD-1 Ab + Lenvatinib E
100 300
—— HLAlow
_ —— HLA high
] 200
H
s o
g 50 &
H @
g P <001 100
a R?=0.0024 P<0.001
0+ : " v " . o+ T . r
0 100 200 300 400 500 0 100 200 300

PFS Time (Days) HLA-ABC




image15.tiff
Figure S15

A

100

50

Percent survival

PD-1 Ab + Lenvatinib

—— PD-L1low

—— PD-L1 high

200 300 400

PFS Time (Days)

BIRC2

2 R?=0.0025 P-0.168
0 T T T T
0 20 40 60 80
PD-L1




image1.tiff
Figure S1

A B

120 ___ns___

sgGFP sgBIRC2 sgGFP sgBIRC2

E a-SMA

H CD20

sgGFP sgBIRC2




image2.tiff
Figure S2

° R S S & N 9
@' &'
R s S
B
C D
120 PLC NSG
2500
= -0~ shLacZ
£ 2000{ - shBIRC2
Y
£ 1500
=2
g
2 1000
o
£ ns.
2 500
0

9 12 15 18 21 24 27 30 33 36 Days

E shLacZ shBIRC2
PBMC
PBMC -
shLacZ .
. Control
PBMC +
PBMC
G shLacZ shBIRC2
o .
[J shLacZ _—
= PBMC - [ shBIRC2
—~ 60
3 &
i E = -
8 40
4
8
2
20 n.s.
PBMC +
o T
o
>

Annexin V ————————————————»




image3.tiff
Figure S3

© © < «

abueyo pjo4

[as]

- -‘ BIRC2

e - ’ -

‘ GAPDH

N2 T2 N3 T3 N4 T4 N5 T5 N6 T6 N7 T7

T

N1

Tumor

Normal

GSE10186

GSE10143

[a]

o
g
m \_ ©
S ' g
n ! <
4 )
g g
S & ©
o
7
" °
4
’ 8
ot [
000SL 000  000S- 000GL- !
zouig
0
? \ S
¢ , g
g
& ,
- . o
g
a g g
o (s}
8 8
g €
) :
x|. m
A &
000S€ 00052  000SH 000S
zodig
Bo—ofaBd ey
@0
s F %,
4
> D
S WIWIW&WVW .@0@@\0
ot Pe0s
. [0, %
o S,
8 ofr—8ixe %, %, 0
2%
< :
13dM . (o Y
q ®
a9 Aﬂ% [,
(-
%, &,
7%, 2%
0 BSTBBIB <, %
7, B,
———
S g8 s 8 ° 8 %~
T 3 8 < = 4
uoissaidxa zouIg




