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Supplementary Methods
Cell lines
MCF-7 (HTB-22), ZR-75-1 (CRL-1500), T-47D (HTB-133), BT-474 (HTB-20), MDA MB231 (CRM-HTB-26), Hs 578T (HTB-126) and tamoxifen -resistant clone MCF-7 tam 1 (CRL-3435), ZR-75-1 tam1 (CRL-3438), T-47D tam1 (CRL-3436), BT-474 tam-1 (CRL-3433) were purchased from the American Type Culture Collection (ATCC). ICI-resistant MCF-7/182R-6 cells (16022506) were purchased from the European Collection of Authenticated cell cultures. All cells used were maintained in a humidified incubator under 37 °C with 5% CO2 and were routinely tested for Mycoplasma contamination with a PCR mycoplasma detection kit (Abm, Richmond, BC, Canada). Cell lines were cultured according to manufacturer’s protocol and as indicated, Tamoxifen and Fulvestrant resistant cells medium was supplemented, respectively, with 1 µM 4-hydroxytamoxifen (TAM) or 100 nM fulvestrant (ICI) (Sigma-Aldrich). MELN cells are a clone derived from the breast adenocarcinoma MCF-7 cells stably transfected with ERE-TK-LUC plasmid [1] containing the luciferase reporter gene under the control of the estrogen-responsive element. MELN were cultured in Dulbecco's modified Eagle's medium (Sigma-Aldrich) supplemented with 10% FBS (HyClone, Milan, Italy) and 100 U/ml penicillin, 100 mg/mL streptomycin, and 250 ng/mL Amphotericin-B. MCF-7 stably expressing full-length-3xFlag-ESR protein (MCF-7-flag) were generated as described previously [2]. MCF-7-flag were cultured in Dulbecco's modified Eagle's medium (Sigma-Aldrich) supplemented with 10% FBS (HyClone, Milan, Italy) and 100 U/ml penicillin, 100 mg/mL streptomycin, and 250 ng/mL Amphotericin-B [2]. All cells and clones were authenticated by short tandem repeat (STR) analysis with CLA IdentiFiler™ Plus PCR Amplification Kit (Thermo Fisher Scientific, A47624) by SeqStudio Genetic Analyzer (Thermo Fisher Scientific). 
Antibodies and Compounds
All antibodies used in this study were the following: anti- ERα C-terminal (F-10 sc-8002, Santa Cruz Biotechnology, Dallas, Texas) and anti- ERα (ab3575) from Abcam (Cambridge, UK); BRPF1 Recombinant Rabbit mAb (19H16L8) (Invitrogen, 703489); anti-β-actin (A1978) from Sigma Aldrich (Milan, Italy); Rabbit IgG Isotype Control (31235) from Thermo-Fisher (Milan, Italy). Compounds used for cell treatments were 4-hydroxytamoxifen (TAM; H7904, Sigma-Aldrich), Fulvestrant (ICI; I4409, Sigma-Aldrich), 17β-estradiol (E887-5G, Sigma-Aldrich). Two BRPF1 bromodomain inhibitors, GSK6853 (S8265) and GSK5959 (S5916) [3,4], were purchased from Selleckchem (Houston, TX, USA). The inhibitor GSK9311 (HY-100729) [3], used as negative control (C) of GSK6853 was purchased from MedChemExpress (MCE). Palbociclib (PALB, SelleckChem) was gently obtained from Dr. Alberto Servetto. All inhibitors were dissolved in DMSO (Sigma-Aldrich), which was therefore used as a Vehicle (V). 
Chromatin Immunoprecipitation
ChIP-seq was performed on three independent biological replicates. Chromatin was prepared from MCF-7 cells and immunoprecipitated as described in Nassa et al 2019 [5]. Briefly, MCF-7 cells were washed and cross-linked with 0.75% formaldehyde for 10 min at room temperature. Formaldehyde was quenched by the addition of 125 mM glycine for 8 min. Then, after cell lysis, the chromatin isolated and sonicated [5] was incubated with 100 μl Dynabeads M-280 Sheep Anti-Rabbit IgG (Thermo-Fisher), previously equilibrated overnight at 4°C with 10 μg of anti-BRPF1 antibody, anti-ERα or Control antibodies (IgG). The day after, the beads washing was performed as previously described [6] and chromatin-associated proteins were eluted by the addition of Laemmli buffer and resolved by SDS-page and western blotting, while DNA enriched was eluted and decrosslinked by incubating overnight at 65°C in elution buffer (50 mM TrisHCl pH8, 10 mM EDTA, 1% SDS). Eluted DNA was treated with RNase A (20 ng/ml) for 15 min followed by proteinase K (200 ng/ml) for 4 h. Then, DNA was purified by phenol-chloroform extraction and subjected to library preparation by TruSeq ChIP Library Preparation kit (Illumina, IP-202-1012) and sequenced by NextSeq 500 reaching around 30 million reads per sample.
ChIP-Seq Data Analysis
ChIP-Seq data of ERα were obtained from Nassa et al. [5]. Data analysis of BRPF1 ChIP-Seq was performed as described by Tarallo et al. [6]. In detail, the raw sequence files generated (.fastq) underwent quality control analysis using FASTQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). Reads were aligned to the reference human genome assembly (hg38) using bowtie [7], allowing up to one mismatch and considering uniquely mappable reads. Duplicated reads were removed using Picard tools v 2.9.0 (MarkDuplicates; https://broadinstitute.github.io/picard). For each biological replicate, peak calling was performed using MACS2 [8] with p-value set to 0.05. The peaks obtained for each biological replicate were combined using MuSERA [9]. The annotation of peaks to the nearest gene was performed combining the information obtained using the annotatePeaks.pl function of HOMER [10]. Comparison, integration, and quantification between ERα and BRPF1 peaks was performed using the K-mean method implemented in seqMINER [11]. The optimal number of clusters was set to 3 according to the elbow method. Over-represented sequence motifs for known transcription factors, according to motif descriptors in the Transfac database, were determined using PScan-ChIP [12]. Only over-represented motifs with p-value ≤ 0.05 were considered. Concerning analysis of expected partition distribution plot, corrects observed overlap frequency for the expected genome distribution was performed by e the GenomicDistributions R package (Bioconductor). Asterisks above each bar denote the p-values significance levels from Chi-square tests of independence for each partition [13].
Nuclear protein extraction, co-immunoprecipitation and Western blot assay
Cell lines in standard growth conditions and/or treated as described were collected by scraping in cold PBS. Cell pellets were resuspended in three volumes of hypotonic buffer (20 mM HEPES pH 7.4, 5 mM NaF, 10 μM sodium molybdate, 0.1 mM EDTA, 1 mM PMSF and 1X protease inhibitors cocktail (Sigma Aldrich) and incubated on ice for 15 min. Cytosolic fraction was discarded after adding 0.5% Triton X-100 and spinning for 30 s at 15000 X g at 4 °C. Nuclear pellets were then suspended in one volume of nuclear lysis buffer (20 mM HEPES pH 7.4, 25% glycerol, 420 mM NaCl, 1.5 mM MgCl2, 0.2 mM EDTA, 1 mM PMSF and 1X protease inhibitors cocktail (Sigma Aldrich), incubated for 30 min at 4 °C rotating and centrifuged for 30 min at 15000 X g at 4 °C. Nuclear cell lysate in supernatants were recovered and diluted in a low salt nuclear lysis buffer and quantified. The cell lysate was suspended in the Laemmli buffer and resolved by Western blotting, according to standard protocols or used in the co-immunoprecipitated assay. Co-immunoprecipitation assay was performed by conjugating relative antibodies (anti-ERα and BRPF1) or anti- IgG Isotype Control overnight at 4°C with Dynabeads M-280 Sheep AntiRabbit IgG (Thermo Fisher Scientific). Day after, nuclear protein extract from MCF-7 cells in normal growing conditions was extracted as previously described [5] and incubated with conjugated beads/antibodies at 4°C for 2 hours. The immunocomplexes were then washed with IPP150 buffer (7.14 mM HEPES pH 7.5, 8.92% glycerol, 150 mM NaCl, 0.54 mM MgCl2, 0.07 mM EDTA pH 8, and 1× protease inhibitors) and subsequently with Wash Buffer (50 mM Tris-HCl pH 7.6, 150 mM NaCl, and 1× protease inhibitors). Finally, resuspended proteins in the Laemmli buffer were resolved by Western blot analysis. For Western blot analysis, protein sample extracts were denatured and separated on 7% or 10% polyacrylamide, 0.1% SDS (SDS-PAGE), and transferred onto a nitrocellulose blotting membrane (GE Healthcare, Milan, Italy). Following blocking with 5% nonfat dry milk in TBST buffer (0.01 m Tris-HCl, pH 8.0, 0.15 m NaCl, and 0.1% Tween 20), membranes were immunoblotted with different primary antibodies. Then, the primary Abs were detected by horseradish peroxidase-conjugated secondary Abs (GE Healthcare) and revealed by chemiluminescence and autoradiography. Densitometry was performed by ImageJ software analysis [14]
UALCAN
The comprehensive web resource UALCAN (http://ualcan.path.uab.edu) [15], was used to carry out analysis based on RNA sequence and clinical data relative to 31 cancer types from The Cancer Genome Atlas (TCGA) and Clinical Proteomic Tumor Analysis Consortium (CPTAC) databases.
GEPIA analysis
Expression values of selected genes were investigated using the Expression DIY module of GEPIA2 [16]. The Subtype Filter option was set to classify BC subtypes. 
BRPF1 knock-down
BRPF1 knock-down was performed plating approximately 3000 cells in each well of a 96-well plate in standard growth medium. After overnight incubation, transient transfection was assessed by using Lipofectamine RNAiMax (13778-150, Invitrogen) diluted in Optimem medium, according to the manufacturer’s instructions. 0.5 pM/well of two validated BRPF1 siRNAs (s17208, s17210) or scramble Silencer Select Negative Control (SiSel_NC1: CTRL) (Ambion, Thermo Fisher Scientific) were added in quadrupled/sixfold each one and incubated for 72h at 37 °C/5% CO2.
Cell proliferation and cell cycle analysis
Proliferation of cells was determined by the (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) -based colorimetric assay (Invitrogen, Carlsbad, CA). Briefly, cells were seeded sixfold into 96-well plates at a density of 1.4-3x104 cells /well and treated with increasing concentrations of GSK6853 (namely GSK), GSK9311 (C), GSK5959, 100 nM TAM, 100 nM ICI for 3, 6, 9 and 12 days, or transiently transfected by BRPF1 siRNA, as described previously. DMSO or scramble were used as control. Cell growth was analyzed by adding 1 mg/mL of MTT and incubated for 4 h at 37 °C/5% CO2. Variations in cell growth were directly associated with the absorbance of solubilized formazan, measured at 570 and subtracting background values read at 620 nm wavelengths for each sample by the VICTOR Multilabel Plate Reader (PerkinElmer, Milan, Italy). For cell cycle analysis, MCF-7 and MCF-7 TAM 1 treated with compounds and vehicles, as reported in the figures (Fig.2, Sup.3 and Sup.4), are fixed in cold 70% ethanol and stained with PI as described in Nassa et al [5]. Cell cycle data were acquired with the use of Sony MA900 Cell Sorter (Sony Biotechnology) and subsequent analysis was performed using the MODFIT LT™ program. 
Caspase 3/7 assay
Apoptosis mediated by caspase-3/7 activation is analysed with fluorimetric kit assay Amplite™ Fluorimetric Caspase 3/7 (AAT Bioquest, Inc), according to the manufacturer’s instructions. Cells were plated in Clear Bottom Plate (CC3603, Corning) and, after treatment by several compounds or BRPF1 knockdown, 100 µL/well/96-well plates of Caspase 3/7 working solution were added and incubated at room temperature for 1 hour. The fluorescence intensity was measured at Ex/Em = 490/525 nm (Cutoff = 515 nm).
Luciferase assays 
ERα- transactivation activity was measured by luciferase reporter-gene assay. For this aim, MELN cells [1] were seeded in 96-well plates at a density of 3x104 cells/well. After drug treatment or BRPF1 knock- down, cells were harvested and lysed in a 200 μl Promega lysis buffer. Luciferase activity was measured by adding the Luciferase Assay Reagent (Promega Corp.) in each well, according to the manufacturer’s instructions. Luciferase values obtained were normalized versus the protein content of each sample determined using the Bradford assay. In all conditions tested independent biological replicates were employed. 
Toxicity assay
The ONE-Glo™ + Tox Luciferase Reporter and Cell Viability was performed to measures a conserved and constitutive protease activity by fluorogenic, cell-permeant peptide substrate (glycylphenylalanyl-aminofluorocoumarin; GF-AFC) that becomes inactive upon loss of cell membrane integrity. Briefly, 20μl of CellTiter-Fluor™ Reagent (prepared as 5X solution using 10μl of GF-AFC Substrate in 2ml of Assay Buffer) to all wells and incubated for 30 minutes at 37°C, according to the manufacturer’s instructions. Fluorescence was measured with a microplate reader excitation wavelength of 380–400nm and emission wavelength of 505nm.
Drug combination analysis
The additive and synergistic effects were determined by combining increasing concentration of GSK, ICI and Palbociclib (PALB) after 6 days of treatment in AE-sensitive and tamoxifen-resistant cell lines. The data were analyzed with the freely available Combenefit software [17], determining synergy/antagonism by D-R Lowe model.
RNA extraction and bulk RNA seq 
Total RNA was extracted from all cell lines after cell exposure to drugs or vehicle for 3, 6, 9, and 12 days, or after siRNA-transfection, as described in the results section, using TRIzol reagent (Life Technologies, Carlsbad, CA), according to the manufacturer’s instructions. In brief, 50 µl of TRIzol™ Reagent for 3x104 cells was added directly to the culture dish to lyse the cells by pipetting several times, both for RT-qPCR and RNA sequencing. After phase separation step, the aqueous supernatant was collected and purified using RNA Clean & Concentrator − 5 kit (Zymo Research, Irvine, CA, USA) according to the manufacturer’s instructions. Before use, RNA purity was assessed by NanoDrop™ 2000/2000c spectrophotometer (Thermo Fisher Scientific), its concentration was measured using Quant-IT RNA Assay Kit-High Sensitivity and a Qubit Fluorometer (Life Technologies, Monza, Italy) and integrity assessed with the Agilent 4200 Tapestation System (Agilent Technologies, Milan, Italy). For bulk RNA sequencing, indexed libraries were prepared starting from 1 total RNA according to Illumina Stranded Total RNA prep Ligation with Ribo-Zero Plus kit (Illumina Inc., San Diego, CA, USA). Final libraries were sequenced at concentration of 1,7 pMol and sequenced on NextSeq 500 (Illumina Inc) in a paired-end mode (2 × 75 base pairs). The raw sequence files generated (.fastq files) underwent quality control analysis using FASTQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/) and adapter sequences were removed using Trimmomatic version 0.38 [18]. Filtered reads were aligned on the human genome (assembly hg38) considering genes present in GenCode Release 40 using STAR v2.7.10b with standard parameters [19]. Quantification of expressed genes was performed using featureCounts [20] and differentially expressed genes were identified using DESeq2 [21]. A given RNA was considered expressed when detected by at least ≥ 10 raw reads. Differential expression was reported as |fold-change| (FC) ≥1.5 along with associated adjusted p-value or p-value ≤0.05 computed according to Benjamini-Hochberg. The analysis has been performed as described above. Functional analysis of differentially expressed transcripts has been performed using IPA (Ingenuity Pathway Analysis, QIAGEN) and Gene Set Enrichment Analysis (GSEA) [22].


RT-qPCR
1 μg total RNA for each sample was reverse transcribed using a Superscript III First Strand by cDNA Synthesis System (Thermo Fisher Scientific) with oligo (dT) primers. Gene expression was performed in triplicate on a Lightcycler 480 instrument (Roche) using SensiFAST SYBR Lo-ROX kit (Bioline), according to the manufacturer’s instructions. Relative expression levels were normalized to RPLPO.
The primers used for qPCR are:
for BRPF1: 	Forward primer: CTCGGCTGCATCTTCAGTGT
        	Reverse primer: GCATTGACTTTGAGACGGGC
for ESR1: 	Forward primer: ACCCTCCATGATCAGGTCCA
     	Reverse primer: CTGGTTCCTGTCCAAGAGCA
for RPLPO: 	Forward primer: CCATCAGCACCACAGCTTC
       	Reverse primer: GGCGACCTGGAAGTCCAACT
for TFF1: 	Forward primer: GTGGTTTTCCTGGTGTCACG
    	Reverse primer: TCACATCCTCTTCTGGAGGG

ERα positive BC organoids generation and culture
Tumor organoids isolated from human specimens were used to examine the treatment response in breast cancer. Breast tissues were obtained from surgical procedures at Clinica Mediterranea Cardiocentro Spa and, according to Research Ethics Committee of the AUO-University of Naples Federico II n° 119/15ES, were processed on the day of surgery. Organoids were cultured as previously described [23]. Briefly, tumor samples were cut in small pieces and then digested in 10 mL of media (Advanced DMEM/F12, 1 Glutamax, 10 mM HEPES, and 1% antibiotics/antimycotic) containing 2 mg/mL of collagenase IV (Sigma, C9407) for 3 hours at 37 °C, in an orbital shaker.  The digested suspension was then mechanically shared using pipette tips, washed, and centrifuged at 400g. The final pellet of organoids was suspended in Cultrex growth factor reduced BME type 2 (Trevigen, Cat. No. 3533-010-02) and 40 ml were placed in the centre of a 24-well culture plate (Grainer, cat. No. M9312). Finally, after 20 min at 37 °C to allow BME solidification, 400 ml of BC organoids medium was added to each droplet. Medium was changed every 3-4 days and split using TrypLE Express (Invitrogen, 12648-010).

Organoids Immunohistochemistry
BME drops containing organoids were washed two times with cold PBS, gently detached from the bottom of the well and collected in Eppendorf. BME was removed through mechanically disaggregation using p1000 pipette tips and incubating the plate at 4 °C for 30 min. The released organoids were centrifuged and fixed in 4% paraformaldehyde. Then, organoids were dehydrated, embedded in paraffin, sectioned and HE stained. Immunohistochemistry was performed using an antibody anti-ERα C-terminal (F-10 sc-8002, Santa Cruz Biotechnology, Dallas, Texas) and Ventana platform (Roche).
Organoids drug screening 
For drug treatments, organoids were disaggregated in single cells using Tryple® Express (Thermo FisherScientific), resuspended in growth media containing 5% of BME and plated in triplicate in a 96 well previously pre-coated with 40 ml of BME. After 3-day, organoids were treated with an increasing concentration of drug GSK6853 (10 µM, 20 µM and 30 µM) and ICI (100 nM) for 10 days. The viability assay was measured by CellTiter 96® Aqueous One Solution Cell Proliferation Assay (Promega Cat. No. G3581). The apoptosis response was detected by measuring caspase-3/7 activity by Caspase-Glo®3/7 assay (Promega Cat. No G80092). For RNA analysis, organoids were plated in 40 ml of BME in a 24-well culture plate in duplicate. After 3 days, organoids were treated with GSK6853 drug (30 mM) and Vehicle (DMSO) as control. After 10 days of treatment, organoids were collected in TRIZOL and RNA extraction was performed as described above. 
ATAC-Seq library preparation and sequencing
ATAC-seq library preparation was performed on MCF-7 cell lines treated with 10 µM GSK6853 and vehicle for 6 days. Biological replicates were carried out in duplicate and ~100,000 nuclei were loaded per reaction collecting directly into the cold ATAC-seq lysis buffer (Active Motif cat. 53150). Library preparation was carried out per manufacturer’s instructions (Active Motif cat. 53150). Indexed library concentrations were measured using Quant-IT RNA Assay Kit-High Sensitivity and a Qubit Fluorometer (Life Technologies, Monza, Italy) and integrity assessed with the Agilent 4200 Tapestation System (Agilent Technologies, Milan, Italy). Pool libraries sequencing was performed in paired-end, 2 × 75 cycles, at a concentration of 1.3 pM/lane on the NextSeq 500 platform (Illumina Inc.).

ATAC-Seq data analysis
Quality control of the reads was performed using FASTQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/) while adapter sequences were removed using Trimmomatic version 0.38 [18]. Alignment was performed using bowtie2 [24] with the following parameters –very-sensitive, –no-discordant, -X 2000, against the human genome (assembly hg38). Duplicate reads were removed using Picard’s “MarkDuplicates” script (http://broadinstitute.github.io/picard/), while mitochondrial reads were removed using samtools [25]. Open chromatin regions were identified using MACS2 [8] setting the following parameters: -q 0.05, –no-model –shift 75, –extsize 150, –call-summits, –keep-deup all. The obtained peaks were filtered excluding blacklist regions [26]. Differential accessibility analysis of ATAC regions was performed using the R package DiffBind [27]. Only regions with FDR≤ 0.05 were considered for further analysis. The annotation of peaks to the nearest gene was performed combining the information obtained using the annotatePeaks.pl function of HOMER [10]. 
Statistical Analysis
Statistical analyses were performed using R (version 4.0.2). Error bars represent means ± SD. Statistical differences were determined using an unpaired two-sample t test. Values of p ≤ 0.05 were statistically significant. Concerning Chi-Seq and RNA-Seq analyses, specific statistical parameters used are detailed in the corresponding Methods sections.
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Fig. S1. Identification of BRPF1 essential genes and its expression analysis in breast cancer A) Box-plot showing the expression levels of the mRNAs encoding 36 estrogen receptor-associated proteins in TCGA BC (Tumors) vs Normal cohorts, obtained from GEPIA2. B) Heatmap showing MCF-7 cell toxicity following two independent siRNA transfections (72h) for each of the 36 selected genes. Triangle forms indicate the orientation of each scale in terms increase (incr) of the value respect to the CTRL.  C)  MCF-7 cell proliferation rate data related to Fig. 1D following ESR1 (ERα) and BRPF1 silencing. D) MCF-7 cell caspase 3/7 activity assay data related to Fig. 1D performed following ESR1 (ERα) and BRPF1 silencing. E)  ERα trans-activating activity assessed in MCF-7 cells stably expressing the ERE-Luc reporter gene following ESR1 (ERα; left) or BRPF1 (right) silencing. All data are analyzed respect to the scramble (CTRL). Data are presented as the mean ± SD of determinations from a representative experiment performed in six independent replicates after 72 h of silencing. F) Graphical display of statistically significant complexes obtained by CORUM analysis performed on 36 estrogen receptor-associated proteins. G) Representative western blots show BRPF1 and ERα co-immunoprecipitation in MCF-7 nuclear extracts. IgG was used as negative control. H) Correlation analysis of BRPF1 and ESR1 (ERα) mRNA expression in luminal-like BC tumor samples in TCGA database analyzed by GEPIA2. I)  BRPF1 protein expression in normal vs primary BC samples (upper panel) and in different BC subtypes (lower panel) from the Clinical Proteomic Tumor Analysis Consortium (CPTAC) datasets protein levels analysed with UALCAN. J) Representative western blots show BRPF1 expression levels in antiestrogen-sensitive, antiestrogen-resistant and TNB (Triple Negative Breast cancer) cell lines used in this study β-actin (ACTB) was used as control. Asterisks indicate statistically significant differences (*p ≤0.05, ***p ≤0.005).
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Fig. S2. Impact of BRPF1 knock-down in additional antiestrogen-sensitive and antiestrogen-resistant BC cells. RT-qPCR analysis showing BRPF1, ESR1 and TFF1 mRNA levels following BRPF1 silencing in AE-sensitive MCF-7 (A) and AE-resistant MCF-7 TAM-R cells (B). C) mRNA expression level of BRPF1(left panel), cell proliferation rate measured by MTT (right panel) and caspase 3/7 activity assay (bottom panel) following BRPF1 silencing in MCF7 ICI-R BC cells. D) Graphical display of the activation state (Z-score) of the cell cycle checkpoints and ESR-mediated signaling, depicting common differentially expressed transcripts obtained by RNA- sequencing in MCF-7 ICI-R cells after BRPF1 knock-down for 72h. E) RT-qPCR showing ESR1 and TFF1 mRNA levels (left panel) and representative western blot (middle panel) and relative densitometry (right panel) showing ERα and BRPF1 protein levels following BRPF1 silencing in MCF-7 ICI-R cells. F) RT-qPCR showing ESR1 and TFF1 mRNA levels (left panel), cell proliferation rate measured by MTT assay (middle) and representative western blot and relative densitometry (right) in T47D AE-sensitive BC cell lines following siRNA-mediated BRPF1 silencing. G) RT-qPCR showing ESR1 and TFF1 mRNA levels (left panel), cell proliferation rate measured by MTT assay (middle) and representative western blot and relative densitometry (right) in ZR75.1 AE-sensitive BC cell lines following siRNA-mediated BRPF1 silencing. All experiments shown in Fig. S2 were performed after 72h of BRPF1 gene silencing. ACTB was used as a loading control in all western blot analyses and images were processed with ImageJ software (https:// imagej. Net) for densitometry readings. MTT data are presented as the mean ±SD from six independent replicates and RT-qPCR results represent mean ± SD of triplicate determinations from a representative experiment after 72 h of BRPF1 silencing. Asterisks indicate statistically significant differences which were evaluated with Student t test.  (*p ≤0.05, **p ≤0.01, ***p ≤0.005) respect to the scramble (CTRL). 
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Fig. S3. Physical mapping of BRPF1 association with ERα in AE-sensitive MCF-7 cell chromatin and analysis of cellular functions following BRPF1 pharmacological inhibition in the same cellular model. A) Representative experiment of chromatin immunoprecipitation followed by western blot (upper panel) in MCF-7 chromatin. IgG was used as negative control. Heatmap (lower panel) showing read density within 10kb regions centered on ERɑ and BRPF1 binding sites in MCF-7 cells. Control (CTRL) was obtained using non-specific Abs. B) Graphic display of overrepresented transcription factor binding motifs within BRPF1-only binding sites. C)  Graphic display of overrepresented transcription factor binding motifs within shared BRPF1+ERα binding sites. D) Pie-chart showing the distribution of ERɑ+BRPF1 binding sites within the genome according MCF-7 chromatin segmentation (left) and bar chart showing the observed/expected distribution of ERɑ and ERɑ+BRPF1 shared binding sites (right). The direction of each bar reflects the log10(Obs/Exp) values for each partition denoting whether regions are enriched or depleted in comparison to expected overlaps. Asterisks above each bar denote the p-values significance levels from Chi-square tests of independence for each partition (***p < 0.001; ** 0.001 <= p < 0.01; * 0.01 <= p < 0.05; ns p >= 0.05. Obs=Observed; Exp=Expected) E) MCF-7 cells proliferation rate measured by MTT assay following BRPF1 pharmacological blockade by GSK at the indicated time and concentrations. Vehicle (DMSO) was used as control. Results shown are the mean +/- S.D. of sextuplicate determinations from a representative experiment.  F) MCF-7 cells proliferation rate measured by MTT assay following BRPF1 pharmacological blockade by GSK9311 (negative control inhibitor of GSK: C) at the indicated time and concentrations. Vehicle (DMSO) was used as control. Results shown are the mean +/- S.D. of sextuplicate determinations from a representative G) Cell cycle phase distribution of MCF-7 cells treated with GSK (10 μM) and ICI (100 mM) for 42 h, 72 h and 6 days. Percentages of G1, S, and G2/M (upper panel), and sub-G1 (lower panel) phase cells were determined by flow cytometry after propidium iodide (PI) staining. H) Caspase 3/7 activity assay and I) ERα transactivating activity in MCF-7 cells stably expressing an ERE-Luc reporter gene (MELN) were performed in the presence of concentrations GSK (5 μM, 10 μM) and ICI (100 mM) for 6 days in standard growth conditions. Results shown represent the means ± SD of multiple determinations from a representative experiment performed in triplicate. J) Graphical display of the activation state (Z-score) of pathways modulated in MCF-7 cells in the same experimental condition mentioned above. K) Proliferation rate assessed by MTT assay, (L) ESR1 and TFF1 mRNA levels measured by RT-qPCR, (M) ERα transactivating activity and (N) ERα protein level assessed by western blot assay, all following BRPF1 inhibition with GSK5959 after 6 days in MCF7 cells.




























Figure S4
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Fig. S4. Impact of BRPF1 pharmacological inhibition on cell proliferation, cell cycle and gene-expression profile in AE- sensitive and -insensitive BC cells. (A) Cell proliferation rate assessed in T47D BC cells in the presence of the indicated anti-estrogens or increasing concentrations of GSK. Vehicle (
DMSO) was used as controls and the results shown are the mean +/- S.D. of sextuplicate determinations from a representative experiment. B) Representative western blot showing ERα protein level and RT-qPCR analysis (C) showing ESR1 and TFF1 mRNA levels in T47D BC cell line treated with GSK5959 (5 μM and 10 μM). (D) Cell proliferation rate assessed in T47D BC cells in the presence of the indicated anti-estrogens or increasing concentrations of GSK5959. Vehicle was used as controls and the results shown are the mean +/- S.D. of sextuplicate determinations from a representative experiment. E) Representative western blot showing ERα protein level and RT-qPCR analysis (C, F) showing ESR1 and TFF1 mRNA levels in T47D BC cell line treated with GSK5959 (5 μM and 10 μM). G) Cell proliferation rate assessed in MCF-7 TAM-R cells in the presence of the indicated anti-estrogens or increasing concentrations of GSK9311 (negative control inhibitor of GSK: C). Vehicle was used as controls and the results shown are the mean +/- S.D. of sextuplicate determinations from a representative experiment. H) Graphical display of the activation state (Z-score) of statistically significant pathways modulated after BRPF1 pharmacological inhibition with GSK vs Vehicle for 6 days in MCF-7 TAM-R cells by RNA-sequencing. I) Cell cycle phase distribution (upper panel) and sub-G1 analysis (lower panel) of MCF-7 TAM-R cell cultures after treatment with the indicated concentrations of ICI or GSK for 24 and 48 h in hormone-deprived conditions. J) Cell cycle phase distribution (upper panel) and sub-G1 analysis (lower panel) of MCF-7 TAM-R cell cultures after treatment with the indicated concentrations of ICI for 72h or GSK 6 days in standard growth conditions. Percentages of G1, S, G2/M and sub-G1 phase cells were determined by flow cytometry after propidium iodide (PI) staining. K) MCF-7 ICI-R cell proliferation rate in the presence of the indicated antiestrogens or increasing concentrations of GSK9311 (negative control inhibitor of GSK: C) (upper panel) or GSK (lower panel), assessed by MTT assays in standard growth medium. Vehicle was used as controls. Results shown are the mean +/- S.D. of multiple determinations from a representative experiment. L) Graphical display of the activation state (Z-score) of statistically significant pathways modulated after BRPF1 pharmacological inhibition with GSK vs Vehicle (V) for 6 days in MCF-7 ICI-R cells by RNA-sequencing.
M) RT-qPCR analysis of ERα and TFF1 mRNA levels following 6 days of treatment with GSK in MCF-7 ICI-R. Results shown are the mean +/- S.D. of multiple determinations from a representative experiment. N) Western blot analysis, performed under the same experimental conditions, showing ERα protein levels.  Β-actin (ACTB) was used as loading control. Asterisks indicate statistically significant differences (*p ≤0.05, **p ≤0.01, ***p ≤0.005). 
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Fig. S5 Effects of BRPF1 pharmacological inhibition in ERα+ AE-sensitive and -resistant BC, in ERα- TNBC and in immortalized mammary epithelial cell proliferation. Proliferation rate assessed by MTT assay in AE-sensitive (B, D), tamoxifen-resistant (A, C, E) TNB (F, G, H) BC cells and human mammary epithelial cells (I) following treatment with anti-estrogens (TAM and ICI) or increasing concentrations of GSK and GSK5959 in standard grow conditions. Vehicles (DMSO) were used as controls. Results shown are the mean +/- S.D. of sixfold determinations from a representative experiment. Asterisks indicate statistically significant differences (*p ≤0.05, **p ≤0.01, ***p ≤0.005). 

Figure S6
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Fig. S6 Effects of combined pharmacological inhibition on ERα+ AE-sensitive and -resistant BC cell proliferation. MTT assay in AE-sensitive (A) and tamoxifen-resistant (B) MCF-7 cells following indicated anti-estrogens (ICI, TAM), the selective CDK4/6 inhibitors Palbociclib (PALB) and GSK in standard grow conditions. Vehicles (DMSO) were used as controls. Combenefit software was used to generate dose-response surface curves in according to D-R Lowe model, combining indicate doses for 6 days. Color scale bar indicate the level of synergy (blue) or antagonism (red) at each combination.







Supplementary Table
Table 1: Clinical Characteristics of BC PDOs
	N. of BC PDOs
	BC PDOs
	ER
	PR
	HER2
	ki76
	 Histological type
	Tumor grade

	1
	668
	95%
	0%
	1+
	30%
	Invasive carcinoma of no special type (NST)
	 2 

	
	
	
	
	
	
	
	

	2
	971
	90%
	40%
	3+
	28%
	Invasive carcinoma of no special type (NST)
	 3

	
	
	
	
	
	
	
	

	3
	973
	80%
	0%
	0
	32%
	Invasive carcinoma of no special type (NST)
	 3 
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