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Supplementary Materials and Methods：
Apoptosis assay
HeLa or MDA-MB-231 wild-type or ZNF451 knockout cells were treated with ionizing radiation (5 Gy) for 24 or 48 hours. Following treatment, the cells were dissociated into single cells using trypsin, counted to 2×10⁶ cells, and washed three times with pre-cooled PBS. Cells were stained with Annexin V-FITC and propidium iodide, followed by a 15-minute incubation at room temperature in the dark. Fluorescence intensities of FITC and PI were measured using a flow cytometer (CytoFLEX Platform, Beckman Coulter) and analyzed using CytExpert software.
CCK-8 assay
Wild-type and ZNF451 knockout cells were seeded into a 96-well plate at 5000 cells per well. At designated time points post-irradiation, CCK-8 reagent (TargetMol, China) was added and incubated for 2 hours at 37℃. Absorbance at 450 nm was measured using a SpectraMax i3 microplate reader (Molecular Devices, USA) to assess cell viability.
Cell-cycle analysis
To analyze the effect of ZNF451 on the cell cycle, 1×10⁶ cells were seeded into a 60 mm culture dish. The next day, cells were treated with a 5 Gy dose of X-ray. At different time points post-irradiation, cells were dissociated into single cells using trypsin digestion, washed with PBS buffer, and fixed overnight at 4°C in cold 70% ethanol. After fixation, cells were washed with PBS and stained with propidium iodide staining solution (50 μg/mL propidium iodide and 100 ng/mL RNase A) in the dark for 30 minutes to label cellular DNA. Data from multiple samples were collected using a flow cytometer, and cell cycle analysis was performed using FlowJo software.


Supplementary Figures:
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Fig. S1 ZNF451 Response to DNA Damage Induced by Various Agents
[bookmark: _Hlk186189068]A Western blot analysis of ZNF451 and Actin in ten different cell lines. The upper panel displays the Western blot results, while the lower panel presents the quantitative statistical analysis.
B, C Western blot analysis confirming ZNF451 knockout in HeLa and MDA-MB-231 cells. The upper panels show the Western blot results, and the lower panels present the quantitative statistical analysis.
D Quantitative analysis of ZNF451 and γH2AX foci from Fig. 1A. n > 5. Statistical significance was determined by a two-tailed unpaired t-test. Error bars represent the mean ± SD. ****p < 0.0001.
E Pearson correlation coefficient and colocalization overlap of ZNF451 and γH2AX in Fig. 1A, analyzed using ImageJ (n > 5).  Statistical significance was determined by a two-tailed unpaired t-test. Error bars represent the mean ± SD. *p < 0.05, **p < 0.01, and ***p < 0.001.
F Quantitative statistical analysis of the Western blot results from Fig. 1B.
[bookmark: _Hlk186189091]G ZNF451-WT or ZNF451-KO MDA-MB-231 cells were treated with H2O2 (0.5 mM), Eto (25 μM), HU (1 mM), or IR (5 Gy) then collected at indicated times for Western blot analysis of γH2AX. Cells treated with Eto and HU were collected at the indicated times after a 3-hour drug exposure and subsequent release ("R").
[bookmark: _Hlk186186683]H Western blot analysis of γH2AX levels in ZNF451-WT and ZNF451-KO HeLa cells treated with cisplatin (2.5 μM), pyridostatin (10 μM) or bleomycin (3 μM) at the indicated time points.
[image: Figure S2]
Fig. S2 ZNF451 Response to IR-Induced DNA Damage
A Pearson correlation coefficient and colocalization overlap of ZNF451 and γH2AX in Fig. 1C analyzed using ImageJ (n > 5). Statistical significance was determined by a two-tailed unpaired t-test. Error bars represent mean ± SD. ****p < 0.0001.
B Immunofluorescent staining of ZNF451 (red), γH2AX (green), and DAPI (blue) in HeLa cells collected after IR treatment. Scale bar, 10 μm.
C Quantitative analysis of ZNF451 and γH2AX foci from Fig. S2B. Each dot represents a single cell, with n > 100 per condition. Statistical significance was determined by a two-tailed unpaired t-test. Error bars represent mean ± SEM. ****p < 0.0001.
D Pearson correlation coefficient and colocalization overlap of ZNF451 and γH2AX in Fig. S2B analyzed using ImageJ (n > 5).  Statistical significance was determined by a two-tailed unpaired t-test. Error bars represent mean ± SD. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.
E Quantification of ZNF451 protein levels from Figure 1E, normalized to H3 or GAPDH. Representative results from three independent experiments are shown. Statistical significance was determined by a two-tailed unpaired t-test. Error bars represent mean ± SD. *p < 0.05,**p < 0.01, ***p < 0.001, and ****p < 0.0001.
F Quantitative PCR (qPCR) analysis of ZNF451 mRNA expression in HeLa cells collected after IR treatment.
G Quantitative analysis of γH2AX foci from Fig. 1F. Each dot represents a single cell, with n > 60 per condition. Statistical significance was determined by a two-tailed unpaired t-test. Error bars represent mean ± SEM. ****p < 0.0001.
H After IR treatment (4 Gy), control and ZNF451-overexpressing HeLa cells were collected, and Western blot analysis was performed to detect γH2AX protein levels. The upper panel shows the Western blot results, and the lower panel presents the quantitative statistical analysis.
[image: Figure S3]
Fig. S3 The lack of ZNF451 disrupts DDR
A The protein levels of pChk1 and pChk2 (Fig. 2A) were quantified after normalization to Chk1 or Chk2. Typical results from three independent experiments are shown. Statistical significance was determined by a two-tailed unpaired t-test. Error bars represent mean ± SD. *p<0.05.
B Western blot analysis of pChk2, Chk2, and Actin in control and ZNF451-overexpressing cells at indicated times post-X-ray IR treatment. The upper panel shows the Western blot results, and the lower panel presents the quantitative statistical analysis.
C FACS analysis of the cell cycle distribution in ZNF451-WT and ZNF451-KO HeLa cells. The upper panel shows the FACS results, and the lower panel presents the quantitative statistical analysis.
[bookmark: _Hlk186189447]D Western blot analysis of GLB1 (beta-galactosidase) and Tubulin in ZNF451-WT and ZNF451-KO HeLa and MDA-MB-231 cells at indicated times post-X-ray IR treatment.
E The protein levels of p53, Bak and Bax from Fig. 2B were quantified after normalization to Actin. Typical results from three independent experiments are shown. Statistical significance was determined by a two-tailed unpaired t-test. Error bars represent mean ± SD. *p<0.05 and ****p<0.0001.
[bookmark: _Hlk186188228]F Western blot analysis of p53, cytochrome c, GAPDH and Tubulin in p53-NC or p53-KO HCT116 cells at indicated times post-X-ray IR treatment.
[bookmark: _Hlk186188342]G Western blot analysis of cytochrome c and GAPDH in ZNF451-WT and ZNF451-KO HeLa cells 24 hours post-cisplatin treatment.
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Fig. S4 Loss of ZNF451 Promotes Apoptosis
A Statistical analysis of the results from Fig. 2C using FlowJo and GraphPad Prism software.
B, C Annexin V-FITC/PI staining to assess apoptotic cells treated with X-ray IR or cisplatin, flowjo software performs data statistics.
D Quantitative statistical analysis of colony formation results from Fig. 2D.
[image: Figure S5]
Fig. S5 Loss of ZNF451 Enhances Chemosensitivity in Tumor Cells
[bookmark: _Hlk186186794]A-J Colony formation assays evaluating chemosensitivity in ZNF451-WT and ZNF451-KO HeLa cells treated with etoposide, HU, cisplatin, pyridostatin and bleomycin. The left panel shows colony formation results, and the right panel shows quantitative statistical analyses.
K CCK-8 assay assessing cell viability in ZNF451-WT and ZNF451-KO HeLa cells after treatment with Hydroxyurea (1 mM) or H2O2 (0.5 mM).
[image: Figure S6]
Fig. S6 Loss of ZNF451 Enhances Radiosensitivity in Tumor Cells
A, B Colony formation assay assessing radiosensitivity in ZNF451-WT and ZNF451-KO MDA-MB-231 cells after IR treatment. The left panel shows colony formation results, and the right panel shows quantitative statistical analyses.
C-H Colony formation assays evaluating radiosensitivity in control and ZNF451-overexpressing MDA-MB-231, HeLa, and A549 cells after IR treatment. The left panel shows colony formation results, and the right panel shows quantitative statistical analyses.
[image: Figure S7]
Fig. S7 ZNF451 Also Responds to DNA Damage in Other Cell Types
A, B After IR treatment (5 Gy), HCT116, HepG2, SGC-7901, A549 and MCF10A cells were collected at indicated times and fractionated into whole cell lysate and chromatin fractions. Western blot analysis was performed to measure ZNF451 cellular distribution. 'WCL' denotes whole cell lysate.
[bookmark: _Hlk186185313]C, D CCK-8 assay evaluating cell viability in siControl and siZNF451 cells after post-IR treatment (5 Gy).
[image: Figure S8]
Fig. S8 ZNF451 interacts with RNF168 and promotes its protein stability
A Immunofluorescence detecting co-localization of ZNF451 (SAB2108741, Sigma-Aldrich) and RNF168 (sc-101125, Santa Cruz Biotechnology) in HeLa cells after IR treatment.
B qPCR evaluation of RNF168 mRNA in MDA-MB-231 and HeLa cells at indicated times post-IR treatment to assess the impact of ZNF451.
[bookmark: _Hlk186188744]C-D Western blot analysis of RNF168 protein half-life in MDA-MB-231 cells treated with cycloheximide (CHX, 50 μg/ml) in the presence of chloroquine (CQ, 10 μM) or MG132 (10 μM).
E-F Quantitative statistical analysis of the Western blot results in Fig. 4E and 4F.
G After IR treatment (5 Gy), immunoprecipitation experiments were conducted using antibodies against RNF168, followed by Western blot analysis with the indicated antibodies. The left panel shows the Western blot results, and the right panel shows quantitative statistical analysis.
H, I Quantitative statistical analysis of the Western blot results in Fig. 4G and 4H.
[image: Figure S9]
Fig. S9 ZNF451 catalyzes the SUMOylation of RNF168 and amplifies ubiquitin signaling
A The protein levels of HA-SUMO2 (Fig. 5A) were quantified after normalization to Flag-RNF168. Typical results from three independent experiments are shown. Statistical significance was determined by a two-tailed unpaired t-test. Error bars represent mean ± SD. **p<0.01, ***p<0.001 and ****p<0.0001.
B Quantitative statistical analysis of the Western blot results in Fig. 5B.
C After IR treatment (5 Gy), immunoprecipitation experiments were conducted using antibodies against RNF168, followed by Western blot analysis with the indicated antibodies. The left panel shows the Western blot results, and the right panel shows quantitative statistical analysis.
[bookmark: _Hlk186187305]D Flag-RNF168 WT or mutant plasmids (M1, M2, or M3) were co-transfected with GFP-ZNF451 plasmids into 293T cells. After 48 hours, the cells were subjected to irradiation, and samples were collected 6 hours post-irradiation. Immunoprecipitation (IP) was performed using a Flag antibody, followed by Western blot analysis with the indicated antibodies. M1 refers to RNF168 with amino acids 146-150 mutated to alanine, M2 refers to RNF168 with amino acids 71-75 mutated to alanine, and M3 refers to RNF168 with amino acids 106-111 mutated to alanine.
E Flag-RNF168 WT or mutant plasmids (M1, M2, or M3) were co-transfected with HA-SUMO2 and myc-ZNF451 plasmids into 293T cells. After 48 hours, the cells were subjected to irradiation, and samples were collected 6 hours post-irradiation. IP was performed using a Flag antibody, followed by Western blot analysis with the indicated antibodies.
F-I Quantitative statistical analysis of the Western blot results in Fig. 5D-5G.
J Immunoprecipitation of Flag-H1.2 in 293T cells co-transfected with myc-ZNF451, Flag-H1.2, and HA-SUMO2, followed by Western blot analysis.
K Quantitative statistical analysis of the Western blot results in Fig. 5H.
[bookmark: _Hlk186187333]L Flag-RNF168 WT or mutant plasmids (M1 or M3) were co-transfected with HA-ub and myc-H2AX plasmids into 293T cells. After 48 hours, the cells were subjected to irradiation, and samples were collected 6 hours post-irradiation. IP was performed using a Flag antibody, followed by Western blot analysis with the indicated antibodies.
[image: Figure S10]
Fig. S10 ZNF451 and RNF8 synergistically regulate RNF168
A Quantitative analysis of RNF168 foci from Fig. 6A. Each dot represents a single cell, n > 100 per condition. Statistical significance was determined by a two-tailed unpaired t-test. Error bars represent mean ± SD. **p < 0.01, ***p < 0.001 and ****p < 0.0001.
B, C The protein levels of RNF168 from Fig. 6B and 6C were quantified after normalization to H3. Typical results from three independent experiments are shown. Statistical significance was determined by a two-tailed unpaired t-test. Error bars represent mean ± SD. ****p<0.0001.
D Western blot analysis of RNF168 protein in isolated chromatin from HeLa cells transfected with siRNF8 or siZNF451 and treated with IR. The upper panel shows the Western blot results, and the lower panel shows the quantitative statistical analysis.
E-F Quantitative statistical analysis of the Western blot results in Fig. 6D and 6E.
G Western blot analysis of RNF168 protein in isolated chromatin from 293T cells transfected with HA-RNF8 and myc-ZNF451, followed by IR treatment. The upper panel shows the Western blot results, and the lower panel shows the quantitative statistical analysis.
[image: Figure S11]
Fig. S11 Targeting ZNF451 enhance the efficacy of radiotherapy in vivo
A-B Expression analysis of ZNF451 and RNF168 in breast cancer and lung squamous cell carcinoma tissues compared to normal tissues, using data from UALCAN.
C Immunohistochemical staining of cleaved caspase-3 and Ki67 in tumor sections (n = 5 for each group). Scale bar, 200 µm. The upper panel shows the IHC results, and the lower panel shows the quantitative statistical analysis.
D H&E staining results of lung cancer organoids. Scale bar, 50 μm.
E Immunohistochemical staining of CK7, p63 and TTF1 in lung cancer organoids. Scale bar, 50 μm.
F Western blot analysis confirming ZNF451 knockdown in lung cancer organoids. The left panel shows the Western blot results, and the right panel shows quantitative statistical analysis.
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