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SUPPLEMENTARY MATERIALS AND METHODS 

Cell culture 

Human breast cancer cell lines MCF7 and T47D; melanoma cell lines A375; osteosarcoma cell lines 

U2OS and U2OS DR-GFP (carrying HR reporter system); and BJ-hTERT immortalized fibroblasts were 

maintained in DMEM medium supplemented with 10% FBS (Gibco). Human immortalized normal 

mammary epithelial cell lines 184A1 and MCF10A were maintained in DMEM medium supplemented 

with 5% horse serum (Gibco), 20 ng/ml EGF (Sigma-Aldrich), 0.5 μg/ml hydrocortisone (Sigma-

Aldrich) and 10 μg/ml insulin (Sigma-Aldrich). Human ovarian cancer cell line OVCAR-3 was cultured 

in RPMI medium (Gibco) supplemented with 10% FBS and 1 μg/ml insulin. TP53 status is described in 

Supplementary Table S1. RasV12 induction in BJ-hTert HRasV12ER-Tam cells (gift from Reuven Agami, 

The Netherlands) and cMyc induction in U2OS cMycER-Tam (from Martin Eilers, Germany) were done 

by adding 200 nM of 4-Hydroxytamoxifen (Sigma-Aldrich) to the culture medium. 

CRISPR/Cas9 mediated p53 deletion was performed in MCF7 and A375 cells as described (1). Briefly, 

stable Cas9 expressing cells were established and then transfected two times with p53 sgRNA. 

Enrichment of p53-deleted cells was performed by Nutlin-3 treatment (10 μM) for 3 days. Cas9 

expressing vector and px330 vector coding for sgRNA targeting p53 exon 4 were kindly provided by 

Vera Grinkevich (Welcome Trust Sanger Institute, Cambridge, United Kingdom). 

Isolation and treatment of ascites-derived clinical samples 

Ascites fluid was collected from patients with metastatic HGS-OC in compliance with the ethical permit 

(Dnr 2016/1197-31/1). After centrifugation at 3,200g for 10 min at 4°C, the supernatant was filtered 

using a 0.22 µm strainer and the flow through was kept at -20°C and used as a supplement for the cell 

culture medium. The pellet was subjected to red blood cell (RBC) lysis for 2 min, underlaid with 

inactivated FBS and centrifuged at 300g for 10min at room temperature (RT). The supernatant was 

discarded, and the process was repeated until the pellet was RBC free. Cells were washed twice with 

RPMI medium with 5% inactivated FBS and re-suspended in 1:1 DMEM:F12 medium with 100 mg/mL 

penicillin/streptomycin and 10% patient matched clarified ascites supplement. This suspension was 
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filtered through a 40 µm strainer and the retained clusters were collected and cultured. Equal number of 

cells were seeded in 96 well plates and the day after, cells were treated as described. Viability was 

measured with RealTime-Glo™ MT cell viability assay (Promega) according to manufacturer’s 

protocol. 

Isolation and treatment of primary breast cancer clinical samples 

Primary cancer cells were collected by superficial scrapings from surgically resected breast tumors (2) 

in compliance with ethical permits (Dnr 2016/957-31 and 2017/742-32). The cell smears were subjected 

to RBC lysis, trypsinized and filtered into single cell suspensions, washed 3 times in phosphate buffer 

saline (PBS), then re-suspended with selective DMEM:F12 medium supplied with 20% FBS and 

antibiotic-antimycotic (ThermoFisher Scientific). Cells were then seeded into 96-well plate and treated 

as described for 72h. Cell viability was assessed with CellTiter-Glo 3D assay (Promega) according to 

the manufacturer instructions. 

Plasmids and siRNAs 

pcDNA3-HA-RNF8 and pAcGFP-C1-RNF68 overexpressing plasmids were a gift from Jiri Bartek 

(Danish Cancer Society Research Center, Copenhagen, Denmark); pEGFP-C1-RAD51 overexpressing 

plasmid was a gift from Jeroen Essers (Erasmus MC, Rotterdam, the Netherlands). p53 shRNA construct 

was kindly provided by Katerina Gurova (Buffalo, NY, USA). siRNAs were from Applied Biosystems 

(SiRPL11: 5’-GGUGCGGGAGUAUGAGUUAdTdT-3’). Plasmid and siRNA transfections were 

performed using FuGENE HD (Promega) and lipofectamine (Life technologies), respectively, according 

to the manufacturers' instructions.  

Thermal proteome profiling  

Sample processing and mass spectrometry analysis 

Cells from each biological replicate were split equally into ten parts; each aliquot was heated at a 

different temperature point ranging from 37°C to 67°C. Soluble proteins were then digested by 

sequencing grade modified trypsin (Promega) and labelled by TMT10 (Thermo Fisher Scientific). 
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TMT10 labelled sample pool was then fractionated and analyzed by nano-high-performance liquid 

chromatography–electrospray ionization (HPLC-ESI)–MS/MS at the Chemical Proteomics core facility 

(SciLifeLab, Stockholm, Sweden) using a Q Exactive HF mass spectrometer (Thermo Scientific) 

connected to an UltiMate 3000 RSLC nano UPLC system (Thermo Scientific). 

Quantitative proteomics analysis 

Protein identification and quantification was performed using MaxQuant software (version 1.5.3.30)(3). 

The Uniprot complete human proteome database (UP000005640) was applied for matching MS/MS 

spectra and TMT10 quantification at MS2 level was used for quantification of peptide and protein 

abundances. Cysteine carbamidomethylation was used as a fixed modification; methionine oxidation, 

arginine and glutamine deamination were used as variable modifications for both identification and 

quantification. Trypsin/P was selected as enzyme specificity with maximum two missed cleavages 

allowed. 1% false discovery rate was used as a filter at both protein and peptide levels. Only proteins 

with at least two peptides were considered.  

TPP data analysis 

A in-house developed R library (https://github.com/snp/CETSA) was used to process the 

MaxQuant output similarly to the previously described isobarQuant software package (4). For each 

protein in each replicate, sigmoid curve was fitted using non-linear least squares method according to 

the formula:  

I ~ (1-Pl) / [1 + exp((T-Tm)/bT)] + Pl 

where Pl – high-temperature plateau of the melt curve, Tm – melting temperature, b – slope of the curve. 

The thermal shift ΔTm represents the difference between control and treatment. 

Western blots 

To prepare protein lysates, cells were harvested, washed, and lysed in ice cold RIPA buffer (150 mM 

NaCl, 5 mM Tris [pH 8.0], 1% Triton X-100, 0.5% sodium deoxycholate, 0.1% SDS) supplemented 

with cOmplete protease inhibitor cocktail (Roche) and PhosSTOP phosphatase inhibitors (Roche). 

https://github.com/snp/CETSA
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Specific antibodies used for endogenous protein detection by western blot is this study are the following: 

CtIP (#61142, Active Motif), GLI1 (#2553, Cell Signaling), JNK1/3 (sc-474, Santa Cruz 

Biotechnology), IGF1-R (#9750, Cell Signaling), MCL1 (sc-819, Santa Cruz Biotechnology), MDC1 

(ab50003, Abcam), MDM2 (sc-965, Santa Cruz Biotechnology), MDMX (A300-287B, Bethyl Lab), 

MRE11 (ab3125, Abcam), mTOR (#4517, Cell Signaling), p21 (#610233, BD Transduction), p53 (sc-

126, Santa Cruz Biotechnology), PARP (#95423, Cell Signaling), phospho-c-Jun (#9261, Cell 

Signaling), phospho-JNK (#9251, Cell Signaling), phospho-mTOR (#5536, Cell Signaling), phospho-

S2-RNA polymerase II CTD (ab5095, Abcam), phospho-S5-RNA polymerase II CTD (A304-408A, 

Bethyl Lab), phospho-SMAD2 (#3108, Cell Signaling), phospho-SMAD3 (#9520, Cell Signaling), 

POLR1A (#24799, Cell Signaling), RAD51 (sc-8349, Santa Cruz Biotechnology), RNA pol II (#05-

623, Millipore), RNF168 (ABE367, Millipore), RNF8 (sc-271462, Santa Cruz Biotechnology), RPA32 

(ab2175, Acam), RPL11 (#37-3000, Life technologies), SMAD2 (#5339, Cell Signaling), SMAD3 

(#9523, Cell Signaling), SMO (sc-166685, Santa Cruz), Wip1 (A300-664A, Bethyl Lab), WRAP53 (a 

kind gift from Marianne Farnebo, Karolinska Institute, Stockholm) and γH2AX (#07-164, Millipore). 

Anti-β-actin monoclonal antibody (Millipore) was used as loading control. Densitometric quantification 

of the bands was performed using ImageJ software and normalized to β-actin level. 

Immunofluorescence 

For immunostaining, 100k cells were plated on glass coverslips in 12 wells plates the day before the 

experiment. After treatment, cells were fixed in 4% paraformaldehyde for 5 min, permeabilized in 

PBS/0.2%TritonX-100 for 3 min at RT and blocked in 5% FBS in PBS (blocking buffer) for 30 min at 

RT. Cells were incubated in primary antibody diluted in blocking buffer for either 2h at RT or overnight 

at 4°C, washed three times in PBS and incubated with Alexa-conjugated secondary antibodies (Life 

technologies) diluted in blocking buffer for 1h at RT. After washing 3 times in PBS cells were mounted 

in ProLong Gold Antifade Reagent with DAPI (Life technologies) to stain the nuclei. Primary antibodies 

against DDX21 (NBP1-83310, Novus Biologicals), p53 (sc126, Santa Cruz Biotechnology), sc35 

(S4045, Sigma-Aldrich) and γH2AX (#07-164, Millipore) were used for immunostainings. Images were 

taken with a Leica fluorescence microscope. Nuclear 8-oxodG staining was performed as described (5). 
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Briefly, cells were fixed in ice-cold methanol for 15 min and then incubated with 5 mg/ml RNase A. 

DNA was then denatured in 2M HCl for 10 min. Cells were neutralized in 50 mM Tris-base solution 

and immunofluorescence was performed using anti-8oxoguanine antibody (MAB3560, Millipore). 

Treatment with 0.5 mM H2O2 was used as a positive control. Quantification of nuclear staining intensity 

was performed with CellProfiler software in 200 cells per condition. 

Cell synchronization experiments 

For synchronization in mitosis, U2OS cells in 6 cm dishes were treated with 24 μg/ml nocodazole 

(Sigma-Aldrich) for 20h. Mitotic cells were harvested by shaking and reseeded in fresh medium 

(containing DMSO or 1 μM RITA) in 6 cm dishes; 1h before the indicated time, 50 μM 

bromodeoxyuridine (BrdU, Sigma-Aldrich) was added to the medium. Cells were then collected and 

fixed in ice-cold ethanol overnight at 4°C. Then, cells were washed, incubated 30 min in 2N HCl 0.5% 

Triton X-100 to denature DNA, and neutralized in 0.1 M Na2B4O7 (pH 8.5). The samples were incubated 

overnight with anti-BrdU-FITC antibodies (BD Biosciences), pelleted and resuspended in PBS 

containing 5g/ml propidium iodide (PI, Sigma-Aldrich), and then analyzed by a FACSCalibur flow 

cytometer (BD Biosciences) using CellQuest Pro software. For synchronization in early G1, MCF7 cells 

were treated with 10 μM lovastatin (Calbiochem) for 36h and released in early G1 by washing and 

replacing the medium with fresh medium containing 1 mM mevalonate (Sigma-Aldrich). The efficiency 

of the cell synchronization was controlled by adding 10 μM EdU to the cells 2h after release. For 

synchronization at the G1/S transition, MCF7 cells were treated with 2 mM thymidine (Sigma-Aldrich) 

for 16h, the thymidine was removed by washing and adding fresh medium for 9h and then a second 

thymidine incubation (2 mM) was done for 15h (double thymidine block). Cells were then released by 

washing and adding fresh medium or were kept arrested at G1/S transition. Cell synchronization 

efficiency was controlled by adding 10 μM EdU for 8h to the medium upon release, or at the same time 

in the medium of unreleased cells. EdU was labelled using the Click-iT EdU Alexa Fluor 488 Imaging 

Kit (Thermo Fisher Scientific). 

DNA intercalation assay  
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DNA intercalation was assessed in a thiazole orange (ThO) displacement assay. ThO is a weak 

intercalating compound that displays a several hundred-fold increase in fluorescence when it binds 

DNA(6). Briefly, 200 nM ThO and 100 nM of double-stranded DNA oligonucleotide with the forward 

sequence 5’-CTG CCA TCA CTG CGT CGA CCT G-3’ was incubated in 50 µl PBS containing 

0.0025% Tween-20 in the presence of the indicated concentration of compounds or dimethyl sulfoxide 

(DMSO). Propidium iodide (PI) was used as positive control for DNA intercalation. Fluorescence was 

read after incubation for 5 minutes at RT in a Hidex sense plate reader, using the 485(10) filter for 

excitation and the 535(20) filter for emission. 

Mitochondrial membrane potential assay  

MCF7 cells in 96-wells plates were treated with 1 μM RITA or AF for 2h or 5 μM Onc-1 for 6h, and 

active mitochondria were labeled with tetramethylrhodamine ethyl ester using TMRE Mitochondrial 

Membrane Potential Assay Kit (Abcam) according to supplier’s instructions. TMRE fluorescence was 

measured on a VICTOR X5 plate reader (PerkinElmer). As positive control, cells were incubated 10 

min with 10 μM of the uncoupling agent carbonylcyanide 4-(trifluoromethoxy)phenylhydrazone 

(FCCP). 

Transmission electron microscopy (TEM) 

MCF7 cells in 10 cm dishes were treated for 8h, harvested and fixed in 2.5% glutaraldehyde in 0.1 M 

phosphate buffer, pH 7.4 at RT for 30 min. The cells were scraped of and transferred to Eppendorf tube 

and further fixed overnight at 4°C. After fixation cells were rinsed in 0.1 M phosphate buffer and 

centrifuged. The pellets were then postfixed in 2% osmium tetroxide (TAAB) in 0.1 M phosphate buffer, 

pH 7.4 at 4°C for 2h, dehydrated in ethanol followed by acetone and embedded in LX-112 (Ladd). 

Ultrathin sections (approximately 50-60 nm) were cut by a Leica ultracut UCT. Sections were contrasted 

with uranyl acetate followed by lead citrate and examined in a Hitachi HT 7700 at 80 kV. Digital images 

were taken by using a Veleta camera (Olympus Soft Imaging Solutions, GmbH). 

Microarrays and gene expression profile analysis 
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Expression profiling of MCF7 cells treated with RITA, AF, Nutlin and Onc-1 was performed at the 

Bioinformatics and Expression Analysis core facility (Karolinska Institutet, Huddinge, Sweden). 

Microarray data were deposited in GEO database (https://www.ncbi.nlm.nih.gov/geo/) under accession 

number GSE86880 and GSE128329. Analyzed microarray data for MCF7 cells treated with 

camptothecin (7), cisplatin (8), doxorubicin (9), and ActD (10) and for Jurkat T-ALL cells treated with 

THZ531 (11) were respectively downloaded using the accession numbers GSE21840, GSE13477, 

GSE28274, GSE28662 and GSE72022. 

All datasets were processed using geneXplain platform (http://genexplain-platform.com/). CEL files 

were normalized using RMA method (12) and DEGs were identified using an empirical Bayes 

moderated t-test using Limma (13) with p ≤ 0.05. When duplicate gene symbols, those with the 

minimum p value were kept. Complete list of DEGs for each compound treatment in MCF7 cells can 

be found in Supplementary Table S5. 

Pathways repressed by RITA, AF and Onc-1 were identified by GO statistical overrepresentation 

analysis using PANTHER considering genes repressed by the three compounds (Fisher adjusted p-value 

≤ 0.05). For analysis of oncogenes enrichment among repressed genes, a custom oncogene list was 

created by combining oncogenes annotated by the Network of Cancer Genes database (NCG 5.0)(14), 

ONgene database (15) and Cancer Gene Census (CGC)(16) and by removing those overlapping with 

tumor suppressors annotated in Tumor Suppressor Gene database (TSGene 2.0)(17). Significance of the 

fraction of repressed genes annotated as oncogenes was performed using Fisher's exact test. 

GSEA (http://software.broadinstitute.org/gsea/index.jsp)(18) was conducted using an expression-

ranked table with the 3154 common differentially expressed genes among RITA, AF and Onc-1 

treatments. Normalized enrichment scores (NES) and q-values were calculated with signal2noise metric, 

1000 permutations, and the Hallmarks gene set collection of MSigDB.6.1. 

  

https://www.ncbi.nlm.nih.gov/geo/
http://genexplain-platform.com/
http://software.broadinstitute.org/gsea/index.jsp
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