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Materials and Methods
Making tissue microarrays (TMAs)
The patient tissues were prepared into TMAs as previously described 1. We used paraffin-embedded tissue chips. Dozens to hundreds of small cylindrical tissues were collected from numerous tissue wax blocks (the donor wax block) by the method of fine needle drilling of a tissue chip making machine, and they were arranged neatly into another empty white wax block (the recipient wax block) to make a tissue chip wax block. Then, the tissue chip wax block was sliced, and the slice was transferred to slides to make TMAs.
The detailed steps are as follows: First, the recipient wax block was made with a size of 20 mm x 45 mm. Holes with a spacing of 0.1 mm and a diameter of 0.6 mm were punched on the wax block, and the coordinates of each hole were accurately positioned. Second, representative points on the wax block, which included normal tissue and OC tissue, were marked according to HE staining. The corresponding points on the wax block tissue were selected and punctured with a stainless-steel needle (inner diameter: 0.6 mm; depth: 2-3 mm), which was fixed in the holes of the recipient wax block. Finally, the recipient wax block was precooled at 4 °C for approximately 4 h, and a microtome was used to slice the whole tissue. In total, 30-50 slices with a thickness of 5 µm were quickly generated and applied to slides 2.
Immunohistochemical staining (IHC)
IHC with antibodies against FOXQ1 (1:30, Abcam, MA, USA), PARP1 (1:250, Proteintech, IL, USA), LAMB3 (1:150, Abcam, MA, USA), and Ki-67 (1:10000, Proteintech, IL, USA) was performed to detect protein expression levels. Randomly selected images of each region were taken at 40x magnification. The well-established immunoreactivity score (IRS) was used to evaluate the protein expression level. The staining intensity and percentage of stained cells were graded as follows: 0 (negative), 1 (weak staining; < 10% positive cells), 2 (moderate staining; 10-50% positive cells), 3 (strong staining; 51-80% positive cells), and 4 (very strong staining; > 80% positive cells). The scores were grouped as 0-1, 2-3, 4-8, and 9-12. All sections were individually evaluated by two investigators who were blinded to the clinical information of the OC patients 3,4. 
Cell lines, culture conditions and treatments
TOV-21G, OVCA-433, OVCA-429, SK-OV-3, TOV112D, ES-2, A2780, OVCA-R8, HEYA8, and OVCA-R3 cells were obtained from the American Type Culture Collection (ATCC, Manassas, Virginia, USA) and authenticated by short tandem repeat profiling. All cell lines were cultured at 5% CO2 and 37 °C in high-glucose Dulbecco’s modified Eagle’s medium (DMEM; Gibco, USA) supplemented with 10% foetal bovine serum (FBS; Gibco, USA) and 1% penicillin-streptomycin (Gibco, USA).
For cell treatment, cells were incubated with 50 μg/ml cycloheximide (CHX, Sigma-Aldrich) for the indicated durations (0 h, 4 h, 8 h, 12 h). Cells were treated with the proteasome inhibitor MG132 (20 μM, Selleckchem) for 6 h. The small molecule PARP1 inhibitor niraparib and WNT inhibitor iCRT3 were purchased from MCE (Shanghai, China).
Stable and transient transfections 
For lentivirus production, the packaging vectors psPAX2 and pMD2.G were cotransfected with lentiviral vectors into HEK293T cells using Lipofectamine 3000 (Invitrogen, CA, USA). The virus particles were harvested after transfection for 48 h. Lentiviruses were then transduced into cells with polybrene (2 μg/ml) to increase the infection efficiency. Finally, the positive cells were selected with 2 μg/ml puromycin for 1 week to establish stable cell lines. Synthetic siRNA oligonucleotides were synthesized by Shanghai Genomeditech Co., Ltd. (Shanghai, China). The siRNA sequence is listed in Supplementary Table S6. Lipofectamine RNAiMAX (Invitrogen, CA, USA) was used for siRNA transfection. Transient transfection was performed using PEI (Polysciences) or Lipofectamine 3000 (Invitrogen, CA, USA) according to the manufacturer’s instructions. The transfection efficiencies were verified by qRT-PCR and WB.
Cell proliferation and colony formation assays
For the cell proliferation assay, cells were seeded and cultured in 96-well flat-bottom plates, with each well containing 2000 cells in 100 µl. After incubation for the indicated time (1, 2, 3, 4, 5 days), 10 µl Cell Counting Kit-8 (CCK-8) reagent (MedChemExpress, Monmouth Junction, NJ, USA) was added to 90 µl complete culture substrate, and the cell proliferation ability was measured at 450 nm absorption wavelength after 1 hour 5. 
For colony formation assays, 1000 cells were seeded and cultured in 6-well plates in complete culture. After two weeks, the cells were fixed with 4% paraformaldehyde (PFA, Sangon Biotech) and stained with 0.1% crystal violet (Beyotime) for 15 min 6. Triplicate wells were assessed for each group, and visible colonies were manually counted.
Invasion and cell wound healing assay
For the wound healing assay, cells were cultured in 6-well plates and scratched with a 1 ml pipette tip. Serum-free medium was subsequently added, and the wounds were photographed at 0 h and 30 h at 40 x magnification. The relative migration ratio was calculated 7,8.
[bookmark: OLE_LINK1]For migration assays, a 24-well plate with Transwell chambers (8 µm pore size, Corning, NY, USA) was placed. A serum concentration difference was formed between the upper and lower chambers (upper: 10% FBS; lower: FBS-free). A total of 4 x 104 cells were cultured in the upper chamber containing solubilized extracellular matrix (ECM)-coated members, as previously described in the manufacturer’s instructions (Coring Matrigel invasion assay; USA), for 24 h. The migrated cells on the lower side of the chambers were fixed with 4% paraformaldehyde (PFA) for 15 min and stained with 0.1% crystal violet for 15 min 9,10. The number of migrating cells was counted in randomly selected fields with a microscope at 200x magnification.
In vivo assays
BALB/c nude mice (females aged 4-6 weeks, 18-20 g, Shanghai Family Planning Institute, China) were housed under standard specific pathogen-free (SPF) conditions in the animal room of Shanghai Medical College of Fudan University. To develop subcutaneous tumour and metastasis models, 5 x 106 FOXQ1-knockdown and vector-transfected TOV-21G cells were suspended in 0.1 ml of sterile PBS and subsequently randomly injected into the flanks or the abdominal cavity (n = 6 per group). Four weeks later, tumours had formed, and subcutaneous tumour volume was measured every 7 days; tumour volume was calculated as (length x width2) x 0.5. For the metastatic tumour model, F18-FDG of the same volume was injected through the tail vein. Half an hour later, micro positron emission tomography-computed tomography (microPET-CT) imaging was performed on the animals. Finally, the activity of F18-FDG injected into animals was calculated by measuring the activity of nuclides before injection and after injection, and the standard uptake value (SUV) was obtained.
For in vivo assays of the PARP1/FOXQ1/LAMB3/WNT axis, 5 x 106 control or FOXQ1-overexpressing TOV112D cells in 100 μl of PBS were injected into the right axilla. After one week, the tumour volume was measured to be at least 80-120 mm3, and the overexpression group was further divided into five groups, in which the first and second groups were given no treatment, the third group was given intraperitoneal injection of the WNT/β-catenin inhibitor iCRT3 (Topscience, 5 mg/kg, 3 times/w, ip), the fourth group was given the PARP inhibitor (PARPi) niraparib (Selleckchem, 50 mg/kd/d, po), and the fifth group was given both drugs 11,12. After 28 days, the feeding was terminated. The volume and mass of subcutaneously transplanted tumours were measured as described above, and the tumours were further embedded in paraffin for immunohistochemical staining.
RNA sequencing (RNA-seq)	
RNA-seq was performed by OEbiotech Corporation in Shanghai (P.R. China) using a HiSeq3000 system (Illumina, USA). The cut-off used to determine differential gene expression was |fold change (FC)| > 2 (P＜0.05) normalized to the corresponding control. The mean fragments per kilobase of transcript per million mapped reads (FPKM) values of overlapping genes in the two subgroups of cells transfected with the two independent siRNAs were further analysed. Gene set enrichment analysis (GSEA) pathway and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were performed 4.
Chromatin immunoprecipitation sequencing (ChIP-seq)
ChIP assays were performed with a chromatin immunoprecipitation kit (Millipore) according to the manufacturer’s instructions 13. TOV-21G cells with different forms of FOXQ1 (40 million cells for each) were used for ChIP assay following the procedures. Nuclear fraction of cells was digested by micrococcal nuclease (provided in the kit of ChIP assay) at 37 °C for 20 min. The FOXQ1 antibody from Santa Cruz (sc-166265, 60 μg) was used to pull down FOXQ1 bound sequences. After qualified library detection, Illumina HiSeq platform was used for sequencing. The raw data obtained after ChIP-seq sequencing is filtered to be spliced, decontaminated, compared to the reference genome, and finally the data in the High-quality mapped reads are used for subsequent information analysis 14-16.
Dual-luciferase reporter assay
The wild-type (WT) and mutant (MT) LAMB3 promoters (-2000 to +100 bp) were cloned into the pGL3-basic luciferase reporter vector (Supplementary Table S6). Cells were cotransfected with pGL3-LAMB3 and the indicated plasmids (NC, siRNA1, siRNA2, Myc-FOXQ1), and the activities of firefly luciferase or Renilla luciferase were measured using a dual luciferase reporter assay according to the manufacturer’s protocol (YESEN, Shanghai, China) 17. The control and experimental groups of TOV-21G and OVCA-429 cells were cultured in a 96-well plate at a concentration of 5 x 104 cells and cultured overnight. Then, the indicated plasmids were cotransfected into these cells. After 48 h, the cells were lysed and subjected to firefly activity and Renilla activity assessment. The firefly luciferase activity was normalized to the Renilla luciferase activity.
Coimmunoprecipitation (Co-IP), silver staining and mass spectrometry (MS) analysis
Cells were lysed in IP buffer (10% NP40, Shanghai Shenger Biotechnology). Protein concentrations were quantified by BCA assay. All cell extracts were incubated with the corresponding primary antibody on a 4 °C centrifuge overnight followed by 4-6 hours without labelled magnetic beads or magnetic beads with corresponding labels were incubated with the samples overnight. All of the above operations were performed according to the manufacturer’s protocol. The beads were washed three times with lysis buffer and then eluted in 2 x SDS sample loading buffer in a 100 °C metal bath. The IP proteins were further used for MS (Shanghai Applied Protein Technology Co., Ltd., China), silver staining, and WB analysis.
Ubiquitination assay
HEK293T cells were cotransfected with different plasmids, including Flag-PARP1, Myc-FOXQ1, His-Ub, and HA-CHIP. Forty-two hours after transfection, the cells were treated with MG132 (20 µM, Selleckchem) for 6 hours and collected for the IP experiment. Myc magnetic beads were used for pull-down experiments, and IP products were used for ubiquitinated protein WB. The input products were quantified with the corresponding Flag-PARP1, Myc-FOXQ1, HA-CHIP and actin proteins.
Online tools
The expression of FOX family members in OC and normal ovarian epithelium was analyzed using GEPIA, TCGA normal and GTEx databases. The prognostic values of FOXQ1, PARP1 and LAMB3 were screened in Kaplan-Meier Plotter (http://kmplot.com/analysis/index.php?p=service). The correlation between FOXQ1, LAMB3, and PARP1 expression was screened in the GEPIA database (http://gepia.cancer-pku.cn/index.html). 
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Supplementary Figures
Supplementary Fig. S1 FOXQ1 is overexpressed in OC and clinically associated with patient prognosis, related to Figure 1. A By querying the GEPIA database, it was found that FOXQ1 expression was significantly elevated in OC (*P < 0.05). B, C High FOXQ1 expression in the GEPIA database was associated with poor OS and PFS (*P-OS < 0.05, *P-PFS < 0.05).
Supplementary Fig. S2 IHC level of FOXQ1 in low and high expression groups.
Supplementary Fig. S3 Basic expression of FOXQ1 in OC cell lines and validation of stable cell line construction. A, B WB and qRT-PCR analyses of FOXQ1 expression in 10 OC cell lines. C, D qRT-PCR and WB analyses of FOXQ1 levels following FOXQ1 overexpression and knockdown.
[bookmark: OLE_LINK2]Supplementary Fig. S4 The expression of 16 genes in the GEPIA database.
Supplementary Fig. S5 Correlation analysis between these 16 genes and FOXQ1 in the GEPIA database.
Supplementary Fig. S6 ChIP products were verified by qPCR, and the results showed that LAMB3 had the highest enrichment degree. “ns” indicates no statistical significance.
Supplementary Fig. S7 LAMB3 is overexpressed in OC and clinically associated with patient prognosis. A According to the data analysis of our centre, LAMB3 mRNA expression in OC was significantly higher than that in normal ovarian epithelial tissue (***P < 0.001). B By analysing the data from our centre, we found that LAMB3 mRNA is strongly correlated with FOXQ1 mRNA (r = 0.436, ***P < 0.001). C Representative pictures of samples with low FOXQ1 expression having a lower LAMB3 positive rate compared to samples with high FOXQ1 expression. D IHC results of TMA showed that 71.9% were S and M in the group with high FOXQ1 expression, and 69.33% were W and N in the group with low FOXQ1 expression. E, F By dividing LAMB3 into two groups according to the protein level, it was found that LAMB3 with high expression had poor survival (***P-OS < 0.001, HR = 0.44, 95% CI (0.27 - 0.70); *P-PFS < 0.05, HR = 0.66, 95% CI (0.44 - 0.99). 
Supplementary Fig. S8 LAMB3 mediates OC cell growth, migration and invasion. A WB and qRT-PCR for LAMB3 in TOV-21G and OVCA429 cells transfected with two independent LAMB3 shRNAs. B LAMB3 knockdown impeded the proliferation of TOV-21G and OVCA429 cells, as determined using a CCK-8 assay. C Representative images of colony formation ability in TOV-21G and OVCA429 cells with LAMB3 knockdown. D Representative images of wound-healing assays in TOV-21G and OVCA429 cells with LAMB3 knockdown. 400× magnification. E Representative images of Transwell assays in TOV-21G and OVCA429 cells with LAMB3 knockdown. 
Supplementary Fig. S9 The localization and expression of PARP1 and FOXQ1 were detected by immunofluorescence.
Supplementary Fig. S10 Effect of knockdown or overexpression of FOXQ1 on PARP1 expression. A qRT-PCR and (B) WB experiments showed that knockdown or overexpression of FOXQ1 had no effect on PARP1.
Supplementary Fig. S11 Effects of knockdown or overexpression of PARP1 on levels of PARP1, FOXQ1, and LAMB3 mRNA. A, B qRT-PCR analyses of PARP1 levels following PARP1 knockdown and overexpression. C, D There was no change in FOXQ1 mRNA levels when PARP1 was knocked down in TOV-21G and OVCA429 cells or PARP1 was overexpressed in OVCA-R3 and TOV112D cells. E, F Knockdown or overexpression of PARP1 can decrease or increase LAMB3 mRNA levels. 
Supplementary Fig. S12 PARP1 is overexpressed in OC and clinically associated with patient prognosis. A By analysing the data from our centre, it was found that PARP1 mRNA was significantly elevated in OC (***P < 0.001). B IHC of TMA showed that the proportion of PARP1 strongly positive and moderately positive in the high FOXQ1 expression group was 73.03%, while the proportion of PARP1 weakly positive and negative in the low FOXQ1 expression group was 72%. C, D PARP1 was divided into two groups according to the level of PARP1, and it was found that the high expression group had a poor prognosis (***P-OS < 0.001, HR = 0.36, 95% CI (0.22 - 0.57); ***P-PFS < 0.001, HR = 0.49, 95% CI (0.33 - 0.75). 

Supplementary Table Legends
Supplementary Table. S1 Antibodies used in this study.
Supplementary Table. S2 Correlation between FOXQ1 and clinicopathological parameters in patients with OC.
Supplementary Table. S3 RNA-seq analyses of the differentially gene expression profile affected by FOXQ1 knockdown.
Supplementary Table. S4 ChIP-seq analyses of the differentially downstream target gene expression profile pulled down by FOXQ1.
Supplementary Table. S5 Primers, siRNAs and promoter sequence used in this study.
Supplementary Table. S6 List of possible FOXQ1-interacting proteins in group 1 identified by Mass Spectrometry. (Group 1: 293T cells transfected with NC group)
Supplementary Table. S7 List of possible FOXQ1-interacting proteins in group 2 identified by Mass Spectrometry. (Group 2: 293T cells were transfected with Myc-FOXQ1 group)

