The comprehensive prognostic analysis of clinical features
The clinical features of the patients (e.g., age, sex, tumor stage, etc.) were combined with the computed risk scores to conduct a multivariate Cox regression, aiming to determine whether the scores acted as independent prognostic indicators. Hazard ratios and 95% confidence intervals for each variable were derived from the multifactorial analysis. Subsequently, a nomogram was developed to merge risk estimates with clinical variables, assisting clinicians in forecasting long-term patient survival. The calibration plot was applied to assess the predictive reliability of the constructed model.

The single gene based functional enrichment analysis

To systematically elucidate the biological functions and potential molecular mechanisms associated with the target gene set, GO and KEGG functional enrichment analyzes were performed using the DAVID (https://davidbioinformatics.nih.gov/) database based on the screened genes. Enrichment results with statistical significance were subsequently imported into the Weishengxin (https://www.bioinformatics.com.cn/) online analysis platform for visualization, enabling an intuitive presentation of the associated biological processes and signaling pathway characteristics.

PPI Network Construction

To investigate the functional interactions among genes within the yellow module, a protein-protein interaction network was constructed using the STRING database (v12.0) with a confidence score threshold set at 0.4. The resulting network was visualized using Cytoscape software (v3.9.1). Genes with a degree value greater than 10 were selected and presented in the network diagram.

Acridine Orange/Ethidium Bromide (AO/EB) assay
Cell apoptosis was detected using an AO/EB double-staining kit (IKA10901, Solarbio, China) according to the manufacturer's instructions. In short, following siRNA transfection, adherent and floating cells were harvested, rinsed twice with chilled PBS, and then resuspended in 200 μL PBS. Next, 10 μL of AO/EB dual-staining solution (both dyes at 100 μg/mL) was added, and the mixture was kept in the dark at ambient temperature for 5 min. Fluorescent images were subsequently captured with an inverted fluorescence microscope (Olympus, Japan) equipped with a 488 nm excitation filter. Viable cells displayed uniform green fluorescence; early apoptotic cells showed bright green nuclear staining with chromatin condensation or fragmentation; late apoptotic and necrotic cells exhibited orange-red fluorescence due to EB intercalation. For each sample, at least five randomly selected fields were examined, and no fewer than 200 cells were counted to calculate the apoptosis rate. All experiments were performed independently in triplicate.

Wound healing assay 
A wound healing assay was performed to assess cell migratory potential. HCC cells were plated in six-well dishes at a density of 1 × 10⁶ cells per well and maintained for 24 h. Once the monolayer reached approximately 70% confluence, a straight scratch was created using a 200 μL pipette tip. Detached cells were eliminated by rinsing twice with PBS. To minimize the effect of proliferation, the culture medium was replaced with serum-free medium, and incubation was continued for another 24 h. Wound images were captured at 0 h and 24 h under an inverted microscope (Olympus, Japan). Cell migration was quantified by measuring the wound closure area with ImageJ software (Java 8).

Transwell assay 
The migratory capability of HCC cells was examined using a Transwell chamber assay. Initially, both the upper and lower chambers of the Transwell insert (3422, Corning, USA) were filled with medium and equilibrated at 37 °C for 30 min. Following 24 h of incubation, Huh7 cells were collected and reconstituted in serum-free medium, with the cell density standardized to 2 × 10⁴ cells per 100 μL. The preconditioned Transwell inserts were then retrieved, and residual medium was carefully removed. Next, 100 μL of the prepared cell suspension was loaded into the upper insert, and 500 μL of complete medium containing 10% FBS was introduced into the lower compartment. After incubation for 24 h, unmigrated cells adhering to the upper membrane were carefully wiped off with a sterile cotton applicator. The membranes were rinsed twice with PBS, fixed in methanol for 30 minutes, and stained with 0.1% crystal violet for 1 h. After staining, residual dye was thoroughly removed, and the membranes were allowed to dry naturally. Cells that had migrated to the underside were visualized using an inverted microscope (Olympus, Japan), and five randomly chosen fields were analyzed with ImageJ software (Java 8) to determine cell motility.

Enzyme-linked immunosorbent assay (ELISA)

Following treatment, the culture medium was harvested and centrifuged at 4000 rpm for 20 min to eliminate cellular residues. The concentrations of target proteins were determined using commercial ELISA kits (RX2D106226 and RX104793H, Ruixin Biotech, China) in accordance with the manufacturer's guidelines. In brief, CXCL10 capture antibody-coated 96-well plates received the standards, samples, and HRP-conjugated detection antibodies, followed by incubation at 37 ℃ for 1 h. After multiple washes, a substrate solution was introduced and allowed to react for 15 min at 37 ℃ to develop color. The enzymatic reaction was halted by adding a stop solution, and the absorbance at 450 nm was measured using a Bio-Rad microplate spectrophotometer (USA).

Flow cytometry analysis

To evaluate the effect of inhibiting CSF1 expression on NK cell function, Huh7 cells were transfected with CSF1 small interfering RNA (CSF1-siRNA) or negative control small interfering RNA (NC-siRNA) and co-cultured with NK cells for 24 hours. Subsequently, NK cells were collected. After Fc receptor blocking, staining was performed using fluorescent dye-conjugated antibodies against NKG2D (CD314, A1176, ABclonal, China) and TIGIT (A26744, ABclonal, China). The expression levels of the activating receptor CD314 and the inhibitory receptor TIGIT were quantified by mean fluorescence intensity (MFI) and percentage of positive cells using FlowJo software (V10.10).

