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Figure 1. High FLI1 levels are associated with radioresistance and poor prognosis in NPC patients.
(A) Heatmap profiling of the gene expression in radiosensitive tissues (n=5) and radioresistant tissues (n=5), as is analyzed by RNA-seq. (B) Representative images of immunohistochemical (IHC) staining of FLI1 protein expression in 137 NPC tissues (a, no brown particle staining; b, light brown particles; c, moderate brown particles; d, dark brown particles). Scale bars=100 μm. (C-F) Kaplan–Meier analysis of the overall survival (C), local recurrence free survival (D), progress free survival (E) and distant recurrence free survival (F) of 137 NPC patients based on FLI1 expression. The p values were analyzed by log-rank test. 

Figure 2. FLI1 facilitates NPC cell survival after irradiation (IR) in vitro.
(A-B) Western blot (A) and RT-qPCR (B) analysis of FLI1 protein and mRNA level in CNE1 cells with FLI1 overexpression and 5-8F cells with FLI1 knockdown (VEC, control lentiviral vector; FLI1, FLI1 overexpression lentiviral vector; NC, negative control shRNA; shFLI1, FLI1-specific shRNA). GAPDH was included as a loading control. (C) Cells were seeded at the density of 200, 400, 800 and 1000 cells for 0Gy, 1Gy, 2Gy and 4Gy IR dose. Colony formation assays and survival fraction curve analysis were employed to assess cell survival at 10-14 days after exposure to indicated IR dose. (D-E) Western blot (D) and Annexin V/PI double-staining (E) assays were performed to evaluate the effects of FLI1 on apoptosis 48h after cells treated with or without IR. Data in B, C and E are presented as mean ± SD (n=3). **p < 0.01, ***p < 0.001, ****p < 0.0001; ns, not significant (Student's t-test). Source data are provided as a Source Data file. 

Figure 3. FLI1 induces radioresistance by facilitating DNA double-strand breaks (DSBs) repair in NPC cells.
(A-B) The effects of FLI1 on γ-H2AX foci and levels in the indicated CNE1 and 5-8F cells with or without IR by immunofluorescence (A) and western blot (B) assays. (C) Comet images and quantitative analysis of tail moments for DNA damage in the indicated CNE1 and 5-8F cells with or without IR treatment. (D) Western blot analysis of the time course of changes in γ-H2AX levels in NPC cells with 6Gy IR exposure. Data in A and C are presented as mean ± SD (n=3). **p < 0.01; ns, not significant (Student's t-test). Source data are provided as a Source Data file. 

Figure 4. FLI1 binds to TIE1 promoter and activates TIE1 transcription in NPC cells.
(A) Heatmap showing differential gene expression between CNE1-OE cells and CNE1-VEC cells, 5-8F-shRNA cells and 5-8F-NC cells, as is analyzed by RNA-seq. (B-C) Correlation analysis between FLI1 and TIE1 in GEO database (B) and TCGA database (C). (D-E) Western blot (C) and RT-qPCR (D) analysis of TIE1 protein and mRNA level in FLI1 overexpression and knockdown NPC cells. (F) Dual-luciferase reporter assays were used to evaluate TIE1 promoter activity in NPC cells transiently transfected with control vector (VEC), FLI1 overexpression plasmid (FLI1), negative control siRNA (NC) and FLI1-specific siRNA (siFLI1). (G-H) CNE1 and SUNE1 cells were transiently transfected with vector (VEC) and Flag-FLI1 overexpression plasmid (Flag-FLI1). ChIP-PCR (G) and ChIP-qPCR (H) assays of TIE1 promoter region were conducted with Flag or control IgG antibody in CNE1 Flag-FLI1 and SUNE1 Flag-FLI1 cells. (I) CNE1-VEC and CNE1-FLI1 cells were transiently transfected with siTIE1 or control siRNA. 5-8F-NC and 5-8F-shFLI1 cells were transiently transfected with TIE1 or empty vector plasmids. Cells were seeded at the density of 200, 400, 800 and 1000 cells for 0Gy, 1Gy, 2Gy and 4Gy IR dose. Colony formation assays and survival fraction curve analysis were employed to assess cell survival at 10-14 days after exposure to indicated IR dose. Data in E, F, H and I are presented as mean ± SD (n=3). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001; ns, not significant (Student's t-test). Source data are provided as a Source Data file. 

Figure 5. FLI1 regulates TIE1-mediated PI3K/AKT signaling pathway in NPC cells.
(A) KEGG pathway analysis of genes regulated by FLI1 in CNE1 and 5-8F cells. PI3K/AKT pathway was among the significant pathways. (B) Western blot analysis of TIE1, PI3K, p-PI3K, AKT, p-AKT (Thr308) and p-AKT (Ser473) in CNE1 cells with FLI1 overexpression and 5-8F cells with FLI1 knockdown. (C) CNE1-VEC and CNE1-FLI1 cells were transiently transfected with siTIE1 or control siRNA. 5-8F-NC and 5-8F-shFLI1 cells were transiently transfected with TIE1 or empty vector plasmids. Western blot assays were performed to assess the protein level of TIE1, PI3K, p-PI3K, AKT, p-AKT (Thr308) and p-AKT (Ser473). (D) CNE1-VEC and CNE1-FLI1 cells were treated with IR, a PI3K inhibitor BKM120 (3μM) and an AKT inhibitor MK2206 (3μM). After 48 h, cell apoptosis was determined by Annexin V/PI double-staining assays. Data in D are presented as mean ± SD (n=3). **p < 0.01; ns, not significant (Student's t-test). Source data are provided as a Source Data file.

Figure 6. FLI1 induces radioresistance in the NPC xenograft mouse model.
(A-B) Assessment of FLI1 levels on radiotherapy efficacy in NPC xenografts.  FLI1-overexpressing (FLI1) and empty vector (VEC)-transfected CNE1 cells (A) or FLI1-knockdown (shFLI1) and negative control (NC) 5-8F cells (B) were implanted into BALB/c nude mice, which were exposed to IR or not. Tumor volume and weight of the excised tumors were measured (left, excised tumors; middle, tumor volume; right, tumor weight). (C-D) Representative images of IHC staining and IHC scores for FLI1, TIE1 and cleaved caspase-3 in the excised tumors. Scale bars=100 μm. **p < 0.01, ****p < 0.0001; ns, not significant (Student's t-test). Source data are provided as a Source Data file. 

Figure 7. FLI1 expression is positively correlated with TIE1 expression and high FLI1-TIE1 levels predict poor clinical outcomes in NPC patients.
(A) Representative images of IHC staining of TIE1 protein expression in 137 NPC tissues (a, no brown particle staining; b, light brown particles; c, moderate brown particles; d, dark brown particles). Scale bars=100 μm. (B-D) Kaplan–Meier analysis of the overall survival (B), local recurrence free survival (C) and progress free survival (D) of 137 NPC patients based on TIE1 expression. The p values were analyzed by log-rank test. (E) The correlation analysis between FLI1 expression and TIE1 expression. Pearson chi-square analysis was used to determine the correlation.  

Supplementary Figure 1
(A-B) Western blot (A) and RT-qPCR (B) analysis of FLI1 expression in NPC cells. (C-D) Western blot (C) and RT-qPCR (D) analysis of FLI1 expression in SUNE1 cells with FLI1 overexpression and 6-10B cells with FLI1 knockdown. (E) Cells were seeded at the density of 200, 400, 800 and 1000 cells for 0Gy, 1Gy, 2Gy and 4Gy IR dose. Colony formation assays and survival fraction curve analysis were employed to assess cell survival at 10-14 days after exposure to indicated IR dose. (F) Annexin V/PI double-staining assays were performed to evaluate the effects of FLI1 on apoptosis 48h after cells treated with or without IR. Data in D, E and F are presented as mean ± SD (n=3). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001; ns, not significant (Student's t-test). Source data are provided as a Source Data file. 

Supplementary Figure 2
(A-B) Western blot (A) and RT-qPCR (B) analysis of TIE1 protein and mRNA level in FLI1 overexpression and knockdown NPC cells. (C) Dual-luciferase reporter assays were used to evaluate TIE1 promoter activity in NPC cells transiently transfected with control vector (VEC), FLI1 overexpression plasmid (FLI1), negative control siRNA (NC) and FLI1-specific siRNA (siFLI1).

Supplementary Figure 3
(B) Western blot analysis of TIE1, PI3K, p-PI3K, AKT, p-AKT (Thr308) and p-AKT (Ser473) in SUNE1 cells with FLI1 overexpression and 6-10B cells with FLI1 knockdown.
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