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RNA preparation and RT-qPCR
Total RNAs were prepared by Super FastPure Cell RNA Isolation Kit (Vazyme, China). The Prime Script RT Master Mix (ESscience, Shanghai, China) was applied for reverse transcription. Thereafter, the LightCycler 480 SYBR Green I Master mix (cat. No. 04707516001; Roche, Penzberg, Germany) was employed to perform qPCR on LightCycler 480 Real Time System (Roche) using the following program: pre denaturation at 95 °C for 10 min, 55 cycles of denaturation at 95 °C for 15 s, primer annealing at 60 °C for 1 min, and final elongation at 72 °C for 30 s. The generated melting curve was evaluated, and determined transcript levels by 2 −ΔΔCt method.  The sequences of the primers are indicated in Supplementary Table S4.
Immunohistochemistry (IHC) assay
[bookmark: OLE_LINK46][bookmark: OLE_LINK47]IHC was performed using a microwave‑enhanced avidin‑biotin staining method. Animal tumors and tissues were fixed in 4% paraformaldehyde and paraffin‑embedded for sectioning. Osteosarcoma tissue microarrays and tumor slides were deparaffinized in xylene at 65 °C overnight and rehydrated through graded ethanol. Antigen retrieval was carried out by boiling in 0.01 M citrate buffer in a microwave for 5 min, followed by cooling to room temperature. Endogenous peroxidase was blocked with 3 % H₂O₂ at 37 °C for 10 min, and non‑specific sites were blocked with 3 % BSA at room temperature for 30 min. Slides were then incubated overnight with anti‑BRD4 and anti‑Ki‑67 rabbit monoclonal antibodies, washed with PBS, and incubated with rabbit secondary antibody for 30 min at room temperature. Finally, DAB staining was performed for 5 min, followed by rinsing with distilled water, hematoxylin counterstaining, and analysis using a slide scanner.
Colony formation assay
Neuroblastoma cells in the exponential phase were taken and seeded into six-well plates at a density of 1000 cells per well. The cells were gently pipetted to disperse evenly and cultured in a cell incubator for 7–12 days. When clones became visible, the supernatant was discarded, the cells were washed with PBS, fixed with methanol for 10 minutes, and then stained with Giemsa staining solution for 20 minutes at room temperature. After rinsing twice with PBS, the plates were air-dried at room temperature. The number of cell clones was counted using ImageJ software. 
Cell apoptosis assay
Cell culture supernatant and digested neuroblastoma cells were harvested into identical centrifuge tubes and pelleted by centrifugation at 300 g for 5 min. After discarding the supernatant, cell pellets were resuspended in PBS and centrifuged once more. Cells were then resuspended in binding buffer to a final concentration of ~1 × 10⁶ cells/mL. For staining, 100 μL cell suspension was mixed with 5 μL Annexin V-FITC and 5 μL PI, followed by gentle blending and 20 min dark incubation at room temperature. Samples were subsequently analyzed via flow cytometry.
Western blotting
Total proteins of neuroblastoma cells were extracted with RIPA lysis buffer (Beyotime, China) containing protease inhibitor (Roche, Switzerland). Western blot was performed as described previously. The membrane was incubated with primary antibodies overnight at 4°C. The following day, the membrane was incubated with goat anti-mouse HRP-conjugated secondary antibody or goat anti-rabbit HRP-conjugated secondary antibody for 1.5 hours. Chemiluminescence was detected using the Pierce™ ECL Western detection system (Thermo Scientific, USA).

