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Supplementary Table
Table S1. Antibodies for flow cytometry
	Products
	Source
	Cat# 
	Concentration for use

	BB700 Armenian Hamster Anti-Mouse CD3e
	BD Pharmingen 
	566494
	1 μg/mL

	PE-Cy™7 Rat Anti-Mouse CD8a
	BD Pharmingen 
	552877
	1 μg/mL

	BV510 Mouse Anti-Mouse NK-1.1
	BD Pharmingen 
	563096
	1.5 μg/mL

	Fixable Viability Stain 780
	BD Pharmingen 
	565388
	2 μg/mL

	BV421 Rat Anti-Mouse F4/80
	BD Pharmingen 
	565411
	2 μg/mL

	BV421 Hamster Anti-Mouse CD279 (PD-1)
	BD Pharmingen 
	562584
	2 μg/mL

	PerCP-Cy™5.5 Hamster Anti-Mouse CD11c
	BD Pharmingen 
	560584
	1 μg/mL

	BV480 Rat Anti-Mouse CD274
	BD Pharmingen 
	746275
	2 μg/mL

	FITC Rat Anti-Mouse CD45
	BD Pharmingen 
	553079
	1 μg/mL

	FITC Rat IgG2b, κ Isotype Control
	BD Pharmingen 
	556923
	1 μg/mL

	Purified Rat Anti-Mouse CD16/CD32 (Mouse BD Fc Block™)
	BD Pharmingen 
	553141
	1 μg/mL

	Brilliant Violet 650™ anti-mouse IFN-γ Antibody
	Biolegend
	505832
	1 μg/mL

	APC anti-mouse Ly-6G/Ly-6C (Gr-1) Antibody
	Biolegend
	108412
	2 μg/mL

	APC anti-human CD274 (B7-H1, PD-L1) Antibody
	Biolegend
	329708
	1 μg/mL

	FITC anti-human/mouse Granzyme B Recombinant Antibody
	Biolegend
	372206
	1 μg/mL

	CD11b Monoclonal Antibody (M1/70), PE
	eBioscience 
	2313132
	2 μg/mL

	CD206 (MMR) Monoclonal Antibody (MR6F3), PE-Cyanine7
	eBioscience 
	2349850
	2.5 μg/mL

	CD45 Monoclonal Antibody (30-F11), PE
	eBioscience 
	2196695
	1 μg/mL


Supplementary Methods
Biostatistical analysis

To analyse immune cell cytolytic activity, an immune cytolytic score was calculated by averaging the log-transformed transcript levels of two key cytolytic effectors, GZMA and PRF1 
 ADDIN EN.CITE 

[53]
. Calculation of the correlation between the 23 genes of the ZDHHC family and the cytolytic score in 33 cancer types in TCGA database using psych v2.2.5. To obtain the dataset information relating to the pan-cancer T cell infiltration score, we downloaded the uniformly normalized pan-cancer dataset from the UCSC (https://xenabrowser.net/) database, from which we further extracted the ZDHHC9 expression data for each sample. In addition, we extracted the gene expression profile of each tumour separately, mapped the expression profile to GeneSymbol, and further used the R package ESTIMATE package to calculate the immune scores for each patient in each tumour based on ZDHHC9 gene expression. We finally obtained the immune infiltration scores for a total of 10180 tumour samples from 44 tumour types and calculated the Pearson's correlation coefficient between ZDHHC9 gene expression and immune infiltration scores for each tumour using the CORR procedure. The ESTIMATE package was used to determine the significant correlations between immune infiltration scores. Based on the results of shZDHHC9 vs. shControl differential gene analysis in Pan02 cells, GO and KEGG GSEA was performed using the R clusterProfiler package. Five immune-related pathways of interest were selected and GSEA images were plotted using the R package enrichplot. For mutation analysis, the downloaded mutation site data of TCGA-PAAD were grouped according to ZDHHC9 gene expression levels, where ZDHHC9 transcript levels were defined as high (above the 60th quartile) or low (below the 40th quartile). A comparison of gene mutation levels was performed using the R package maftools, and forest plots were drawn. The average inter-mutation distance and gene density of mutation sites in the high-and low-ZDHHC9 groups were calculated using maftools and circlize package. We performed differential expression analysis for KRAS mutation and WT sample sets using the edgeR package to screen for significantly upregulated genes using a threshold logFC > 1 and adj.P.Val < 0.05, and a threshold logFC < -1 and adj.P.Val < 0.05 to screen for significantly downregulated genes. Using the clusterProfiler package, GSEA was performed on the above up- and downregulated gene sets.
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Fig. S1. Correlation between ZDHHC9 expression and the immune cell cytotoxicity gene signature. (a, b) Analysis of genes extracted from TCGA datasets. Heatmaps show correlations between the expression levels of 23 ZDHHCs with the immune cell cytotoxicity gene signature (GZMA and PRF1) in diverse human cancers. The expression levels of these genes were extracted from TCGA. The coefficients (r) (a), and p-values of these correlations (b) are shown. The case numbers (n) are noted; n = 11,093 patients.
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Fig. S2. KD of ZDHHC9 in multiple tumour cells. (a) Relative mRNA expression of ZDHHC9 in Pan02 cells for the shZDHHC9 group is shown vs. the shControl group, combined with the subsequent immunoblotting analysis; the stable clones with the best KD efficiency were used in subsequent experiments. (b) Pan02 cells with a stable ZDHHC9 KD were transfected with the shZDHHC9 construct to re-express murine ZDHHC9. After a 72 h transfection and puromycin selection, the cells were harvested for immunoblotting analysis. (c) Representative photographs of pancreatic tumour and primary cells (KPC) isolated from the transgenic mouse model (LSL-KrasG12D/+; LSL-Trp53R172H/+; Pdx1-Cre). Genotyping results confirmed KrasG12D, Trp53R172H, and Pdx1-Cre. (d-g) Assessment of the ZDHHC9 KD efficiency in LLC (d), MC38 (e), 4T1(f), and KPC cells (g). All results were presented as mean ± SD (***p < 0.001).
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Fig. S3. Changes in the body weights of mice during co-treatment with ZDHHC9-KD and anti-PD-L1 mAb. (a, b) C57BL/6 mice were injected subcutaneously with shControl or shZDHHC9 Pan02 and LLC tumour cells and treated with the anti-PD-L1 mAb or an IgG control. Body weight was measured over time in mice bearing subcutaneous Pan02 (a) or LLC (b) tumours (n = 5 mice per group). All results are presented as mean ± SD.
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Fig. S4. The cell viability and ZDHHC9 KD efficiency of NP-siZDHHC9 treatment in vitro and in vivo. (a) The in vitro viability of Pan02 and KPC cells treated with naked siRNA, empty NPs, or NP-siRNA for 48 h was examined using the Cell Counting Kit-8 (CCK8) assay. An siRNA concentration of 50 nM was used for further studies. (b) The KD efficiency of NP-siZDHHC9 was monitored by immunoblotting analysis at the time points indicated. All results are presented as mean ± SD. (c, d) The relative ZDHHC9 KD efficiency after treatment with NP-siZDHHC9 in Pan02 (c) and KPC (d) tumour tissues compared to NP-siNC. NP, nanoparticle.
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Fig. S5. The evaluation of in vivo side effects of co-treatment with NP-siZDHHC9 and anti-PD-L1 in KPC tumour-bearing mice. (a) The body weight of KPC tumour-bearing mice treated with the indicated formulations at the indicated doses for 24 days. (b, c) The spleen size (b) and spleen weight (c) of all tumour-bearing mice were determined after the mice were euthanized. Data are presented as mean ± SD (n = 7 mice per group). (d) Representative H&E staining of the heart, liver, spleen, lung, and kidney tissues. The organs were collected from tumour-bearing mice at the end of the experiment; scale bar = 50 μm. All results were presented as mean ± SD. NP, nanoparticle.
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Fig. S6. The gating strategy for the detection of the lymphoid and myeloid cell populations in the tumours by flow cytometry. (a) Isolated cells were gated to select single, intact cells. Subsequently, a Live/Dead dye was used to select only live cells. NK cells were defined as CD45+ CD3- NK1.1+ cells. Lymphocytes were defined as CD45+ CD3+ NK1.1- cells. CD4+ and CD8+ T lymphocytes were identified after gating on the CD45+ subpopulation. (b) CD45+ CD11b+ cells were defined as a subset of live cells. DC were defined as the CD11c+ subpopulation of the CD45+ CD11b+ subset. MDSC were defined as the Gr-1+ subpopulation of the CD45+ CD11b+ subset. Macrophages were defined as CD45+ CD11b+ F4/80+ cells. Anti-tumoural M1 macrophages were defined as the F4/80+ CD206- subpopulation of the CD45+ CD11b+ subset. Pro-tumoural M2 macrophages were defined as F4/80+ CD206+ subpopulation of the CD45+ CD11b+ subset. Percentages indicate different immune cell populations as a percentage of total live cells, except for macrophages, where percentages indicate gated percentage within total live CD45+ cells.
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Fig. S7. Representative flow cytometry analysis and the corresponding quantitative results of lymphoid and myeloid cells in LLC tumours. (a-f) Flow cytometry analysis of the number of CD45+ leukocytes (a), CD8+ and CD4+ T cells (b), NK cells (c), DCs (d), CD11b+ Gr-1+ myeloid-derived suppressor cells (e), and type 1/2 macrophages (f) infiltrating subcutaneous tumours, namely shControl and shZDHHC9 LLC tumours. Each dot represents one tumour from a mouse (n = 7 mice per group). All results are presented as mean ± SEM (ns = not significant, *p < 0.05, and ***p < 0.001).
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Fig. S8. Representative flow cytometry plots and the corresponding quantitative results of lymphoid and myeloid cells in Pan02 tumours. (a-f) Flow cytometry analysis of the number of CD45+ leukocytes (a), CD8+ and CD4+ T cells (b), NK cells (c), DCs (d), CD11b+ Gr-1+ myeloid-derived suppressor cells (e), and type 1/2 macrophages (f) infiltrating subcutaneous tumours, such as shControl and shZDHHC9 Pan02 tumours. Each dot represents one tumour from a mouse (n = 9 mice per group). All results are presented as mean ± SEM (ns = not significant, *p < 0.05, **p < 0.01, and ***p < 0.001).
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Fig. S9. Representative flow cytometric analysis and the quantitative results of PD1+ (NK, CD8+, and CD4+) T cells in Pan02 and LLC tumours. (a-c) Flow cytometry quantification of the percent of PD1+ NK cells (a), PD1+ CD8+ T cells (b), and PD1+ CD4+ T cells (c) infiltrating subcutaneous tumours, such as shControl and shZDHHC9 Pan02 tumours. Each dot represents one tumour from a mouse (n = 9 mice per group). (d-f) Flow cytometry quantification of the percent of PD1+ NK cells (d), PD1+ CD8+ (e), and PD1+ CD4+ T cells (f) infiltrating subcutaneous tumours, namely shControl and shZDHHC9 LLC tumours. Each dot represents one tumour from a mouse (n = 7 mice per group). All results were presented as mean ± SEM (ns: not significant, *p < 0.05, **p < 0.01, and ***p < 0.001).
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Fig. S10. Representative flow cytometric analysis and the quantitative results of PD-L1+ (CD11b, F4/80, DC, MDSC, M1, and M2) cells in Pan02 and LLC tumours. (a-e) Flow cytometry quantification of PD-L1+ CD11b+ cells (a), PD-L1+ F4/80+ cells (b), PD-L1+ DC+ cells (c), PD-L1+ CD11b+ Gr-1+ cells (d), and PD-L1+ CD45-cells (e) infiltrating subcutaneous tumours, namely shControl and shZDHHC9 Pan02 tumours. Each dot represents one tumour from a mouse (n = 9 mice per group). (f-j) Flow cytometry quantification of PD-L1+ CD11b+ cells (f), PD-L1+ F4/80+ cells (g), PD-L1+ DC+ cells (h), PD-L1+ CD11b+ Gr-1+ cells (i), and PD-L1+ CD45-cells (j) infiltrating subcutaneous tumours, namely shControl and shZDHHC9 LLC tumours. Each dot represents one tumour from a mouse (n = 7 mice per group). All results were presented as mean ± SEM (ns = not significant, *p < 0.05, **p < 0.01, and ***p < 0.001).
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Fig. S11. Representative flow cytometric analysis and the corresponding quantitative results of IFN-γ+ or GZMB+ (CD8+ and CD4+) T cells in Pan02 tumours. (a, b) Frequencies of IFN-γ+-producing CD4+ (a) and CD8+ (b) T cells on day 26 after shControl and shZDHHC9 Pan02 tumour injection (n = 7 mice per group). (c, d) Frequencies of GZMB+-producing CD4+ (c) and CD8+ (d) T cells on day 26 after shControl and shZDHHC9 Pan02 tumours injection (n = 7 mice per group). All results were presented as mean ± SD (*p < 0.05). IFN, interferon; granzyme B, GZMB.
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Fig. S12. Chemokines and cytokine concentrations in the ZDHHC9-KD tumours. (a, b) Concentrations of CCL5, CXCL9, CXCL10, and IFN-γ in the supernatant of tumours (a) or blood (b) of Pan02 tumour-bearing mice using enzyme-linked immunosorbent assay (ELISA) quantification (n = 7 mice per group). All results were presented as mean ± SD (ns = not significant, *p < 0.05, **p < 0.01, and ***p < 0.001).
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Fig. S13. Representative flow cytometric analysis and the corresponding quantitation of CD8+/CD4+ T cells within the Pan02 tumour. Pan02 tumour-bearing mice were euthanized, and tumour tissues were isolated after the fourth round of treatment. (a, b) Flow cytometry quantification of tumour-infiltrating immune cells in tumours including CD45+ CD8+ T cells and CD45+ CD4+ T cells (a) on day 27 after tumour inoculation and quantification (b) (n = 5 or 6 mice per group). All results are presented as mean ± SD. The p-values were calculated using a one-way ANOVA with a Tukey post hoc test. (**p < 0.01, and ***p < 0.001).
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Fig. S14. Representative images of H&E and immunohistochemistry staining (CD8, GZMB, and Ki67) of Pan02 tumour tissues. Representative images of H&E and IHC staining (CD8, GZMB, and Ki67) of Pan02 tumour tissues from each group treated as indicated.
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Fig. S15. Immunohistochemical staining of Gr-1+ cells and cytokine concentrations in the tumour after treatment with saline, NP-siNC, NP-siZDHHC9, anti-PD-L1, or NP-siZDHHC9 + anti-PD-L1 antibodies. (a) Concentrations of IFN-γ, TNF-α, IL-12p70, and IL-10 in the supernatant of KPC tumours of indicated tumour-bearing mice using ELISA and quantification (n = 5 mice per group). (b) Representative resected tumour images of IHC staining of Gr-1 and H&E staining of the tumour tissues. All results are presented as mean ± SD. The p-values were calculated using one-way ANOVA with a Tukey post hoc test. (*p < 0.05, **p < 0.01, and ***p < 0.001). IFN, interferon; IL, interleukin; TNF; tumour necrosis factor.
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Fig. S16. Representative flow cytometric analysis and the corresponding quantitation of CD8+ T cells within the spleen or tumour. (a, b) Representative flow cytometry dot plot of the CD8+ T cell population in tumour and spleen samples from shControl and shZDHHC9 LLC tumour-bearing mice, injected with control isotype or CD8-depleting antibodies. Tumour and spleen tissues were isolated on day 21. CD8+ T cells were defined as live CD45+ CD8+ cells (a). Quantification (b) (n = 4 mice per group). All results are presented as mean ± SD (ns = not significant, **p < 0.01, and ***p < 0.001).
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Fig. S17. Depletion of CD8+ cells in C57BL/6 mice bearing Pan02 and LLC tumours subjected to ZDHHC9 suppression and PD-L1 blockade. (a, b) Representative flow cytometry dot plot of CD8+ T cell population in tumour and spleen samples from Pan02 tumour-bearing mice injected with control isotype or CD8-depleting antibodies. CD8+ T cells were defined as live CD45+ CD8+ cells (a). Quantification (b) (n = 5 mice per group). (c, d) Representative flow cytometry dot plot of CD8+ T cell population in tumour and spleen samples from Pan02 tumour-bearing mice injected with control isotype or CD8-depleting antibodies. CD8+ T cells were defined as live CD45+ CD8+ cells (c). Quantification (d) (n = 7 mice per group). All results are presented as mean ± SD (*p < 0.05, **p < 0.01, and ***p < 0.001).
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Fig. S18. Downregulation of ZDHHC9 and PD-L1 is associated with a more favourable prognosis in untreated PAAD patients. (a) Patients with low ZDHHC9 expression have a longer survival time than those with high ZDHHC9 expression. (b) Overall survival (OS) did not differ significantly between PD-L1 low- and PD-L1 high-expressing patients. (c) Kaplan-Meier overall survival curve reflects differences in the survival of patients with different levels of ZDHHC9 and PD-L1 expression. Patients with low ZDHHC9 and PD-L1 expression lived significantly longer than those with high ZDHHC9 and low PD-L1 expression. (d) The tails on the survival curves were elevated in patients with low ZDHHC9 and PD-L1 expression compared to patients with low ZDHHC9 and high PD-L1 expression (Gehan-Breslow-Wilcoxon Test).
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Fig. S19. Comparison of the mutational landscape of ZDHHC9-high and ZDHHC9-low PAAD tumours. (a) Forest plot of the most significantly mutated genes in ZDHHC9-high and ZDHHC9-low tumours. (b) Circular plot of the mutation profiles of ZDHHC9-high and ZDHHC9-low tumours. The genomic density of mutated genes in ZDHHC9-high, ZDHHC9-low tumours, and the genomic rainfall of mutated genes in all samples are listed from the inner-most to the outer-most circles, respectively. (c) Proportion of patients harbouring wildtype or mutant KRAS based on ZDHHC9 expression. (d, e) Gene set enrichment analysis (GSEA) of genes up- (d) or downregulated (e) in association with mutated KRAS, based on ZDHHC9 expression. (ns = not significant, *p < 0.05, and **p < 0.01).
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Fig. S20. Correlation of ZDHHC9 expression with patient survival across diverse human cancers. (a) The effect of ZDHHC9 expression on overall survival (OS) and disease-specific survival (DSS) analyses in diverse human cancers from TCGA. (b) The association between ZDHHC9 expression and disease-free survival time (DFS) in diverse human cancers (GEPIA database).
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Fig. S21. The effect of ZDHHC9 on the immunological status in pan-cancers. (a) Correlation between ZDHHC9 and 124 immunomodulators (immune stimulators, MHC molecules, chemokine receptors, and chemokines) from the TISIDB database. (b) Correlation between ZDHHC9 and four immune checkpoints, PD-L1, CTLA-4, PD-1, and LAG-3 in pan-cancers from TCGA. The dots represent different cancer types. The y-axis represents the Pearson correlation, while the x-axis represents -log10P. (c) Correlation between ZDHHC9 expression and 28 tumour-infiltrating leukocytes from the TISIDB database. The colour related to the correlation coefficient. The horizontal axis represents different tumour tissues, and the vertical axis represents the expression of immunomodulators and the infiltration levels of immune cells.
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Fig. S22. Correlation between ZDHHC9 expression and the infiltration of CD8+ T cells and MDSCs in different cancer types of TCGA. (a) Different algorithms were used to explore potential correlations between ZDHHC9 expression and the infiltration intensity of CD8+ T cells in different cancer types of TCGA from the TIMER database. (b) The TIDE algorithm was used to explore the possible correlation between the expression level of ZDHHC9 and the extent of MDSC infiltration in different cancer types of TCGA from the TIMER2 database. Red indicates positive correlation, blue indicates negative correlation, and white indicates no statistical significance.
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Fig. S23. Correlation between ZDHHC9 expression and the T cell infiltration score in pan-cancers. The correlation between the ZDHHC9 mRNA expression levels and each type of tumour immune infiltration as depicted in the graphs. The immune scores were calculated using the ESTIMATE package of R software. Linear regression is shown by the black line. Data were obtained from the UCSC (https://xenabrowser.net/) database.
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Fig. S24. Systemic distribution of ZDHHC9. ZDHHC9 mRNA expression in human tissues obtained from the microarray BIOGPS database.
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Fig. S25. Interferon-γ induces ZDHHC9 expression in multiple tumour cells. Different tumour cells were incubated with 100 ng/mL IFN-γ for 24 hours, followed by immunoblotting for ZDHHC9.
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Fig. S26. Transcriptional programs in ZDHHC9KD Pan02 cells. (a, b) RNA samples from Pan02 cells (shControl and shZDHHC9 groups) were subjected to RNA-seq analysis. (c) GSEA diagram of immune-related signalling pathways significantly upregulated in the ZDHHC9 KD group.
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