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Detailed Materials and Methods  

Cell Culture and Drugs  

U2OS human osteosarcoma cells stably expressing ER-HA-E2F1 were obtained from Dr. Rotter 

(Weizmann Institute of Science, Israel) and grown in DMEM with 10% FCS and 50 mg/ml 

G418. IMR90, 293T and U2OS cells were grown in DMEM with 10% FCS. Cell line identity 

was authenticated by DNA STR profiling assay using the Promega PowerPlex 18D kit. 

4-hydroxy tamoxifen (OHT), LY294002, and G418 were from Sigma. Vorinostat (SAHA) was 

from ChemieTek. 

 

Cell Viability and Apoptosis Assays 

For OHT dose-response assays cells were plated in 96 well plates at 5000 cells per well. Twenty 

four hours later OHT was added for 48 hours and relative cell numbers were quantified using 

CellTiter 96® AQueous One Solution Cell Proliferation Assay (MTS) from Promega (Madison, 

WI). Caspase 3/7 activity assays were performed using Caspase-GLO 3/7 luminogenic substrate 

(Promega). Caspase readings were normalized to cell number determined by CellTiter-Glo® 

Luminescent Cell Viability Assay (Promega).   

 

 

 



Real Time PCR 

RNA was prepared using RNeasy kit (Qiagen) and reverse transcribed using High Capacity 

cDNA Reverse Transcription Kit (Life Technologies). Real-Time PCR was performed on 7900 

HT instrument (Life Technologies) using RT2 SYBR Green qPCR Mastermix (Qiagen). 

Expression levels were normalized across samples using GAPDH housekeeping gene. Primer 

sequences can be found in Table S7. 

 

Adenovirus, Lentivirus Infection and siRNA 

Adenoviruses expressing FOXO3 AAA and LacZ (Vector Biolabs) were used at MOI 10. For 

construction of pLEX-FOXO3, HindIII+XbaI fragment from pCDNA3-FLAG-FOXOs 

(Addgene) was cloned into BamHI site of pLEX-puro (Open Biosystems).  siRNA transfections 

were performed using RNAiMax reagent (Invitrogen).  Catalog numbers and oligonucleotide 

sequences used in this study can be found in Table S7. 

 

Reporter Assays 

APAF1 promoter reporter construct (-396/+208) was kindly provided by Dr. Helin (University of 

Copenhagen, Denmark) and described in (1). FOXO binding site was mutated using QuikChange 

Lightning Site-Directed Mutagenesis Kit (Agilent Technologies). For luciferase assays 2x104 

cells per well of 24 well plate were transfected with 300 ng luciferase reporter plasmids, 10 ng 

CMV-Renila luciferase  construct using GenJet (Ver II) reagent from SignaGen  and 100 ng of 

pcDNA3-FOXO3 or pEGFP where indicated. Reporter activities were measured using Dual-

Glo® Luciferase Assay System (Promega). 

 

 



Chromatin Immunoprecipitation 

Chromatin immunoprecipitations of ER-HA-E2F1 were performed using EZ-ChIP kit 

(Millipore) according to manufacturer’s instructions using 16B12 monoclonal anti-HA antibody 

(Covance). Precipitated DNA was analyzed by real time PCR using RT2 SYBR Green qPCR 

Mastermix (Qiagen). Primer details are indicated in Table S7. 

 

Co-immunoprecipitation and Western blotting 

For co-immunoprecipitation 293T cells in 100 mm plates were co-transfected with 0.5 ug 

pcDNA3-E2F1 and 7.5 ug pcDNA3-FLAG-FOXO1 (Addgene), pcDNA3-FLAG-FOXO3 

(Addgene) or pEGFP.  Forty eight hours later cells were lysed in M2 buffer (50 mM Tris HCl, 

pH 7.4, 150 mM NaCl, 1% TRITON X-100) and precipitated with anti-FLAG (M2) beads 

(Sigma). Beads were washed four times with M2 buffer and precipitated proteins analyzed by 

Western blot analysis.   

The following antibodies were used: anti-OctA-probe (Flag, sc-807), anti-E2F1 (sc-193), anti-β-

tubulin (sc-8035) from Santa-Cruz; anti-APAF1 (ALX-804-348) from Enzo; anti-cleaved PARP 

(9546), anti-FOXO1 (2880) from Cell Signaling); anti-FOXO3 (07-702) from Millipore. 

 

Microarray analysis. 

For microarray analysis of U2OS ER-E2F1 cells RNA was prepared using RNeasy kit (Qiagen). 

RNA integrity was ensured using Agilent Lab-on-a-Chip RNA Bioanalizer. RNA samples were 

amplified using Ambion Message-Amp Premier kit and analyzed on Affymetrix U133A 2.0 

microarrays at Duke microarray facility.  Raw data were normalized using MAS5 algorithm.  

Microarray expression data are available in the Gene Expression Omnibus (GEO) database under 

the accession number GSE39136. 



For quantification of the expression of the FOXO-dependent and FOXO-independent E2F1 

transcriptional signatures in public expression datasets CEL files were obtained from GEO and 

MAS5 normalized using Affymetrix Expression Console (version 1.1).  For each dataset 

expression data was filtered to the probes representing FOXO-dependent and FOXO-

independent E2F1 transcriptional signatures. Following mean centering and normalization, 

average expression of all probes in the signature was calculated for each sample and plotted 

separately for normal and tumor samples. 

For breast cancer survival analysis we used a combined dataset of 1143 tumors which represents 

the heterogeneity of breast cancer molecular subtypes. Details of dataset compilation and 

normalization are provided in (2). Following extraction of the E2F1/FOXO signature expression, 

unsupervised hierarchical clustering was performed using uncentered correlation similarity 

metrics and average linkage clustering (Cluster 3.0). Similar analysis was performed for lung 

cancer survival analysis using a dataset of 275 patients (3).   

 

 

 

 

 

 

 

 

 

 



Supplementary Figure and Table Legends 

 

Figure S1.  FOXO-dependent E2F1 targets that belong to Wnt pathway Real time RT-PCR analysis in U2OS ER-E2F1 cells infected with lentiviruses encoding shRNA constructs targeting FOXO1 and FOXO3 (FOXO33, FOXO707) or scrambled shRNA (scr).  Twenty four hours post infection cells were serum starved for twenty four hours and then medium was replaced to serum-free medium with (OHT) or without (con) 20 nM OHT for six hours.  
 

Figure S2.  E2F1 and FOXO3 transcriptional cooperation U2OS ER-E2F1 cells were infected with pLEX-FOXO3 lentivirus or control pLEX virus and selected with 2 ug/ml puromycin. Cells were treated with 15 nM OHT or control medium for 4 hours. Gene expression was analyzed by real time RT-PCR.  
Figure S3.  Lack of OHT effect on growth of U2OS cells Dose-response curves in U2OS cells treated with a range of OHT concentrations in the presence (10% FCS) or the absence (0% FCS) of serum. Relative cell numbers were determined using MTS assay forty eight hours after OHT addition. 
 

 

Table S1. Transcription factors induced at least two fold by OHT with p<0.05 Probes corresponding to transcription factors that were induced at least 2-fold by OHT in U2OS ER-E2F1 cells. 



 

Table S2. FOXO-dependent E2F1 transcriptional targets Probes induced by OHT at least 2-fold in cells infected with scrambled shRNA (scrambled) with induced levels significantly lowered by FOXO knockdown (FOXO33, FOXO707), p<0.01 by Student’s t-test.  
Table S3. FOXO-dependent E2F1 transcriptional signature. Fold induction by OHT at 

least 1.5-fold lower in shFOXO samples than in sh-scrambled samples. 52 probes induced by OHT at least 2-fold in control cells with fold induction attenuated at least 1.5 fold by FOXO knockdown  
Table S4. FOXO-independent E2F1 transcriptional signature.  496 probes induced at least two fold by OHT in sh-scr samples, whose induced levels did not differ by more than 10% between sh-scr and sh-FOXO samples.  
Table S5. Summary of normal vs tumor analysis Table- Gene Expression Omnibus (GEO) accession number of the Table  Tissue- cancer type N normal- number of normal samples N tumor- number of tumor samples Paired- matched tumor/normal samples from the same individual p-value  FOXO/E2F1-   two-sided p-value for the significance of differences in the expression of FOXO-dependent E2F1 signature between normal and tumor samples. In the analysis of matched tumor and normal samples from the same individual we used paired   



t-test to calculate the p-value. For unmatched samples Mann-Whitney test was used for p-value calculations. p-value  FOXO-indep. -   E2F1- two-sided p-value for the significance of differences in the expression of FOXO-independent E2F1 signature between normal and tumor samples. In the analysis of matched tumor and normal samples from the same individual we used paired t-test to calculate the p-value. For unmatched samples Mann-Whitney test was used for p-value calculations. delta Means FOXO/E2F1- difference in the mean values of the expression of FOXO-dependent E2F1 signature between normal and tumor samples  delta Means FOXO-indep. E2F1- difference in the mean values of the expression of FOXO-independent E2F1 signature between normal and tumor samples  The last two columns were used for calculation of the p-value for the hypothesis that the extent of downregulation of the FOXO-dependent signature in tumor vs normal samples is significantly larger than the extent of downregulation of the FOXO-independent signature using Wilcoxon matched pairs test. (p=0.03)  
Table S6. Connectivity Map analysis  Results of Connectivity Map query with FOXO-dependent E2F1 signature Only results with p<0.01 and positive enrichment score (signature inducers) are shown.  
 

Table S7. Oligonucleotides and shRNA used in this study  
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