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Supplementary Methods 

 

Cell lines 

Characterization of the SUM44 LTED cell lines harboring an ESR1Y537S activating point 

mutation have been previously described (1). This cell line is designated SUM44 LTEDY537S. 

Validation by ddPCR showed that this mutation was detectable from twelve weeks of transfer 

to an E2-deprived medium, and thereafter the variant allele frequency increased up to 50%, 

indicating temporal enrichment of ESR1 mutations through estrogen deprivation. As part of 

the same study, independently derived MCF7 LTED lines were characterized in a similar 

fashion, showing that one MCF7 LTED line harbored an ESR1Y537C
 activating mutation (termed 

MCF7 LTEDY537C) while the other was wild-type for ESR1 (termed MCF7 LTEDWT). A further 

LTED model of SUM44 cells that were wild-type for ESR1 (termed SUM44 LTEDWT) was kindly 

provided by Dr Oesterreich’s group (University of Pittsburgh) (2).  

 

Endocrine-resistant, palbociclib-resistant models were generated by long-term culture of 

LTED cell lines in the continuous presence of 1 μM palbociclib until resistance developed 

(approximately six months) (3). The palbociclib-resistant MCF7 LTED model (termed MCF7 

LTEDPalboR) was generated from the MCF7 LTEDY537C cell line (i.e. harboring the activating 

ESR1 point mutation Y537C). The palbociclib-resistant HCC1428 and T47D LTED models 

(termed HCC1428 LTEDPalboR and T47D LTEDPalboR were generated from the HCC1428 LTED 

and T47D LTED cell lines. 

 

Drug screen analysis 

Screen assay quality was assessed using calculation of Z-prime (4). The R package cellHTS2 

was used to calculate the robust Z-score (5). For combination assays, CellTiter-Glo data was 

inputted into SynergyFinder (6) to calculate the Bliss synergy score.  

 

siRNA transfection  
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A reverse transfection protocol using SMARTpools of siRNA was performed for all siRNA 

transfection experiments. Lyophilized oligonucleotides were reconstituted in siRNA buffer to 

20 μM and aliquots were stored at -20°C. ON-TARGETplus SMARTpools consist of four 

different siRNAs targeting the same gene, and the non-targeting control pool was made up of 

four non-targeting siRNAs. A final concentration of 25 nM siRNA was used for all experiments 

unless otherwise stated. siRNA was incubated with the lipid transfection Lipofectamine 

RNAiMAX for 15 minutes. Cell suspension was then added at the required density and 

incubated for 24 hours. For real-time quantitative polymerase chain reaction (RTqPCR), cells 

were then washed with ice-cold PBS and stored at -80°C until RNA was extracted. For 

Western blotting, exchange of fresh culture media was performed at 24 hours, with protein 

extraction occurring on day 5.  

 

RNA extraction and RTqPCR 

Cells for RNA extraction were seeded in 6 cm plates. Growth medium was aspirated from the 

plates, and cells were washed with ice-cold PBS. 350 μL of ice-cold RLT lysis buffer containing 

1:100 b-mercaptoethanol was added to each plate. Cells were detached by scraping. mRNA 

was extracted from these cell lysates using the Qiagen RNeasy kit, performed according to 

the manufacturer’s protocol. RNA was eluted in 40 μL nuclease-free water, and concentration 

determined by measuring a 2 μL sample on the Nanodrop-8000 spectrophotometer. cDNA 

was produced by reverse transcribing 500 ng of RNA using the Qiagen Quantitect kit, 

according to the manufacturer’s protocol. RNA from ex vivo tumors were extracted using 

RNAeasy plus mini kit, briefly tumor chunks were placed in 2mL of ice-cold RLT lysis buffer 

containing 1:100 b-mercaptoethanol in Precellys tubes for homogenization on ice, 350µL of 

the homogenized solution was transferred to Qiashredder tube following manufacture’s 

instruction. Quantitative PCR reactions were performed using 11.25 ng cDNA, 5 μL 2x qPCR 

mastermix, and 0.5 μL Taqman Gene Expression Assay probe in 10 μL reaction. The 

QuantStudio6-Flex sequence detection system was used to perform relative quantification, 
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with all reactions performed in triplicate. Data analysis was performed using the Applied 

Biosystems QuantStudio 6 software. The endogenous control B2M was used to perform 

normalization, and all expression data was normalized to the non-targeting control.  

 

ddPCR 

Droplet digital PCR (ddPCR) was performed on a QX-200 ddPCR system using TaqMan 

chemistry with assays developed for ESR1 (12004118: L536R, c.1607T>G; Y537C, 

c.1610A>G; D538G, c.1613A>G; E380Q, c.1138G>C; 12003910: Y537S, c.1610A>C; 

Y537N, c.1609T>A; S463P, c.1387T>C; Bio-Rad) multiplex hotspot mutations. FAM-labelled 

probes were designed for the mutant allele while HEX-labelled probes were designed for the 

corresponding wild-type allele. Primers and probes were used at a final concentration of 900 

nM and 250 nM respectively. PCR reactions (20 µL) containing 10 ng of cell line DNA 

(approximately 1,500 diploid genomes equivalents), 10 µL ddPCR Supermix for probes (Bio-

Rad) and 1 µL multiplex Bio-Rad assays were prepared and partitioned into a median of 

20,000 droplets per sample in a manual droplet generator according to manufacturer’s 

instructions. Emulsified PCR reactions were run on 96-well plates on a G-Storm GS4 thermal 

cycler with following conditions 95°C for 10 min followed by 40 cycles of 95°C for 15 sec and 

52°C for 60 sec, followed by 10 min incubation at 98°C. The temperature ramp increment was 

2.5°C/sec for all steps. Plates were read on a Bio-Rad QX-200 droplet reader using 

QuantaSoft v1.7.4 software from Bio-Rad to assess the number of droplets positive for mutant 

DNA, wild-type DNA, both, or neither. A non-targeting control well with no DNA was included 

for each assay in each run. A minimum of 10,000 droplets total and 2 FAM positive droplets 

were required for an assay to be considered successful. Cell lines that showed a mutant 

population by a multiplex ddPCR assay were validated with the identified mutation as a 

singleplex ddPCR as described above. 

 

Immunoblotting 
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Cells were lysed in RIPA lysis buffer. Protein concentrations were determined using a Direct 

Detect Spectrometer (Millipore) or a Bradford assay. 15 μg protein samples were run on gels, 

transferred onto PVDF membranes, the membranes washed 3x for 5 minutes in TBS-T before 

incubation in the relevant primary antibody at 4°C overnight on an orbital shaker, washed 3x 

for 5 minutes in TBS-T before incubation in secondary antibody diluted in blocking buffer for 

1 hour at room temperature. Membranes were then washed 3x for 5 minutes in TBS-T and 

developed in ECL substrate prior to imaging on the Bio-Rad imager. 

 

RNA-Seq analysis 

RNA-Seq profiling on xenograft tumors generated 55.3 to 74.8 million paired-end reads per 

sample. To evaluate the library quality, FastQC and FastQ Screen (7) were run on all FASTQ 

files and a summary report was generated using MultiQC (v1.9) (8). FASTQ reads were 

trimmed using Trim Galore (v0.6.6). Paired-end reads (150bp) were aligned to the human 

reference genome GRCh38, using STAR 2.7.6a (9) with --quantMode GeneCounts and --

twopassMode Basic alignment settings. Annotation file used for feature quantification was 

downloaded from GENCODE (v22) in GTF file format. Differential mRNA abundance analysis 

between treatment groups (Supplementary Table S5) was performed using R package 

edgeR (v3.28.1) (10) in R statistical programming environment (v3.6.0). Genes with low 

expression were filtered out using edgeR’s function ‘filterByExpr()’ with default parameters. 

Raw counts were normalized using edgeR’s TMM (trimmed mean of M-values) method and 

differential mRNA abundance was performed using the quasi-likelihood (QL) F-test using the 

model ~0 + group. To test synergistic effect of combination treatment (palbociclib + fulvestrant 

+ AZD4573), coefficient of the interaction term was examined using the edgeR contrast: 

(Palbociclib_Fulvestrant-vehicle)-(Palbociclib_Fulvestrant_AZD4573-AZD4573). Results 

were further annotated using ENSEMBL gene annotations with the R package org.Hs.eg.db 

(v3.10.0) (see Supplementary Table S6). For GO enrichment analysis, ShinyGO 0.77 

(http://bioinformatics.sdstate.edu/go/) was used (11). 
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