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SUPPLEMENTARY TABLE LEGENDS 

Supplementary Table S1: Kinases significant (FDR 0.05) by DESeq2 differential expression 

analysis comparing basal-like cell line (HCC1806, SUM-149PT EpCAM+, MDA-MB-468) and 

claudin-low cell line (SUM-159PT, Hs 578T, WHIM12) group response to 24h 500 nM trametinib 

treatment. (Excel spreadsheet) Listed is mean log2 fold expression change of biological 

duplicates for the indicated basal-like (blue) or claudin-low (red) cell lines. Kinases are ordered 

by their clustering in the heatmap presented in Fig. 2C. 

 

Supplementary Table S2: Upregulated kinases significant (FDR 0.05) by DESeq2 differential 

expression analysis of basal-like cell line (HCC1806, SUM-149PT EpCAM+, MDA-MB-468) or 

claudin-low cell line (SUM-159PT, Hs 578T, WHIM12) subtypes in isolation. (Excel 

spreadsheet)  Basal-like unique kinases (blue), claudin-low unique (red) or significant kinases 

common to both subtypes (grey) are indicated along with adjusted p value.  Kinases overlapping 

with patient tumor upregulated kinases (Fig. 2D) are indicated with an asterisk. 

 

Supplementary Table S3: Nucleotide variant analysis comparing whole exome sequencing of 

SUM-229PE subpopulations. (Excel spreadsheet)  The “common” tab of the spreadsheet 

contains nucleotide variants common between the EpCAM+ and EpCAM- SUM-229PE 

subpopulations, while the “unique” tab of the spreadsheet contains those variants unique to one 

subpopulation.  Q score, Minor Allele Frequency (MAF) and COSMIC database overlap are 

indicated for each variant. 

 

Supplementary Table S4: Cell line methylation fraction (β) values. (Excel spreadsheet)  The 

spreadsheet shows the normalized average methylation fraction β for each Illumina Infinium 
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450K BeadChip CpG locus for the indicated cell lines upon 24 h DMSO vehicle or 30 nM (SUM-

229PE EpCAM+/-, SUM-149PT EpCAM+/-) or 100 nM (SUM-159PT) trametinib treatment.  

“Methcontrol” column indicates hyper-methylated and “unmethcontrol” column indicates 

unmethylated genomic DNA controls (see Supplementary Methods). 

 

Supplementary Table S5: SUM-159PT Transcriptional correlation with trametinib-induced 

BRD4 ChIPseq density. (Excel spreadsheet)  The spreadsheet contains the merge of SUM-

159PT BRD4 stitched ChIPseq peaks and RNAseq data of peak-proximal genes +/- 24 h 100 

nM trametinib (see Supplementary Methods).  ChIPseq density units are reads per million 

mapped reads (rpm) and RNAseq data are normalized RSEM transcript abundance estimates. 

The spreadsheet contains unfiltered ChIPseq data prior to density (rpm) cutoffs and 

manipulations performed for Fig. 3F.   

 

Supplementary Table S6: SUM-159PT ChIPseq data and genic categorization. (Excel 

spreadsheet)  ChIPseq density values for union peaks in reads per million mapped reads (rpm) 

for the indicated antibodies +/- 24 h trametinib at the indicated doses or +/- 24 h 300 nM JQ1. 

The “enhancer” spreadsheet classification indicates a putative 5’ enhancer while “3 prime” 

indicates a putative 3’ enhancer.  See Supplementary Methods for union peak, genic category, 

and “nearby” gene definitions. Spreadsheet contains unfiltered data prior to manipulations for 

figure construction as described in Supplementary Methods. 

 

Supplementary Table S7: HCC1806 ChIPseq data and genic categorization. (Excel 

spreadsheet)  BRD4 ChIPseq density values for union peaks (see Supplementary Methods) in 

reads per million mapped reads (rpm). The “enhancer” spreadsheet classification indicates a 

putative 5’ enhancer while “3 prime” indicates a putative 3’ enhancer.  See Supplementary 

Methods for union peak, genic category, and “nearby” gene definitions.  Spreadsheet contains 
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unfiltered data prior to manipulations for figure construction as described in Supplementary 

Methods. 

 

 

SUPPLEMENTARY FIGURE LEGENDS 

Supplementary Figure S1: Analysis of TNBC patient tumor-unique transcripts. (A) 

Quantification of total number of expressed transcripts between cell lines (50 RSEM filtering, 

mean of biological duplicates) and patient tumors of either BL (blue) or CL subtypes (red).  (B) 

DAVID gene ontology of patient tumor-unique transcripts from HCC1806 cell line/Patient tumor 

#2 (basal-like, blue) or SUM-159PT cell line/Patient tumor #6 (claudin-low, red) comparisons. 

(C) Transcriptional response of BL;BL Patient 2 and CL;CL Patient 6 tumor-unique genes 

relative to HCC1806 or SUM-159PT cell lines, respectively, to 7 days trametinib treatment.  

Percentage of tumor-specific transcripts upregulated > 2 fold (red), downregulated > 2 fold 

(green), or unchanged (grey) by trametinib is indicated with pie charts; total number of tumor-

unique transcripts is indicated with black text.  Distribution of trametinib-response is plotted for 

each patient tumor as log2 fold change. 

 

Supplementary Figure S2: Specificity of trametinib response of TNBC intrinsic subtypes. (A) 

Left: Pearson correlation comparing three SUM-159PT RNAseq biological replicate experiments 

of response to 24 h 100 nM trametinib. Right: DESeq2 analysis of SUM-159PT RNAseq 

biological replicate experiments of response to 24 h 100 nM trametinib plotted as –log10 p value 

vs. log2 fold change response to trametinib.  The dotted blue line indicates p=0.05 threshold.  

Trametinib-upregulated SUM159PT TKs defined in Fig. 2E are plotted as red circles. (B) GSEA 

from DMSO-treated relative to 24 h 500 nM trametinib-treated SUM-159PT transcriptomes 
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(mean RSEM of biological duplicates). (C) TK response (>1.5 fold) to 24 h 500 nM trametinib in 

the T11 claudin-low OST cell line (red) or in the T2 cell line derived from C3(1)/Tag basal-

like/claudin-low tumors (purple). (D) Western blotting with the indicated antibodies in the 

indicated CL (red) or BL (blue) cell lines in the presence or absence of 24 h 500 nM trametinib.  

(E) MIB/MS TK binding as a ratio of 24 h 500 nM trametinib : DMSO treatment in HCC1806 BL 

cells (blue) or SUM-159PT CL cells (red).  MEK1/2 inhibition is indicated by the black bars.  

MIB-enriched TKs upon trametinib treatment that are also transcriptionally upregulated (Fig. 2E) 

are indicated with arrows. (F) Copy-number alteration (CNA) analysis using whole exome 

sequencing data comparing SUM-229PE EpCAM+ and EpCAM- subpopulations plotted as log2 

EpCAM+ : EpCAM- ratio.  (G) TK transcripts upregulated > 1.5 fold in response to 24 h 30 nM 

trametinib unique to EpCAM+ (blue), EpCAM- (red), or both subpopulations (grey). (H) DNA 

methylation analysis at promoters of subpopulation-specific TK genes induced by 24 h 30 nM 

trametinib.  Plotted are SUM-229PE EpCAM+ or SUM-229PE EpCAM- methylation fraction (β) 

values for all TSS200 (-200 bp to transcriptional start site) Illumina 450K methylation probes for 

TKs transcriptionally induced only in SUM-229PE EpCAM+ cells (left, blue, G) or induced only 

in SUM-229PE EpCAM- cells (right, red, G).  r2 and p values from linear regression analysis are 

shown as insets. 

 

Supplementary Figure S3: Epigenomic landscape induction by MEK inhibition and associated 

sequence motifs. (A) Principal component analysis of Illumina 450K genome-wide cytosine 

methylation fraction (β) values from SUM-159PT, SUM-149PT EpCAM+/-, or SUM-229PE 

EpCAM+/- cell populations treated with DMSO vehicle (black) or 24 h 30 nM (SUM-229PE 

EpCAM+/-, SUM-149PT EpCAM+/-) or 100 nM (SUM-159PT) trametinib (blue).  (B) Table of 

highest-ranking MEME-ChIP output motifs from all genomic regions of trametinib-induced (24h, 

100 nM) BRD4 density (see Supplementary Methods).  Motif logos from sequences assigned to 

CEBP are shown. (C) BRD4 and CEBPB ChIPseq density in SUM-159PT cells in the presence 
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or absence of 24 h 100 nM trametinib near the DDR1 (left) or PIK3R1 (right) enhancers. (D) 

SUM-159PT CEBPB density in the presence or absence of 24 h 100 nM trametinib or 300 nM 

JQ1 at the top 50 regions of BRD4 density ranked by magnitude of trametinib-induction. (E) 

Trametinib dose-response analysis in the presence or absence of 100 nM JQ1 in SUM-229PE 

EpCAM+/CD49f+ (blue) or SUM-229PE EpCAM-/CD49f- (red) cells.  (F) BRD4 ChIPseq density 

tracks for the indicated adaptive response kinase loci in SUM-229PE EpCAM+/CD49f+ cells 

(blue) or SUM-229PE EpCAM-/CD49f- cells (red) following 24 h 100 nM trametinib.  

Corresponding transcript abundance estimates (RSEM values) are indicated to the right of the 

density plots. 

 

Supplementary Figure S4: Blockade of trametinib-induced BRD4 chromatin occupancy by 

proteasome inhibition; validation of CRISPR-Cas9 enhancer deletion. (A) BRD4 density 

following 8 h single-agent treatment of either 100 nM trametinib or 30 nM bortezomib, or the 

combination at the top 50 regions of BRD4 density ranked by magnitude of trametinib-induction. 

(B) PCR validation of CRISPR-Cas9 DDR1 enhancer deletion (Fig. 4J) in heterozygous or 

homozygous state in SUM-159PT cells; primer locations are indicated relative to 5’ and 3’ cut 

sites.  (C)  GSEA showing enhanced loss of KRas signaling and Myc targets in SUM-159PT 

cells co-treated 100 nM trametinib and 300 nM JQ1 vs. single agent trametinib. (D) Trametinib 

dose-response analysis in trametinib resistant (red) or parental (blue) SUM-159PT cells. (E) 

GSEA using mean RNAseq RSEM values of vehicle-treated (n=3) or trametinib-treated (n=3) 

xenografts showing loss of G2M checkpoint and Myc target gene expression with trametinib 

treatment. (F) Left: Response of BRD4 and p300 ChIPseq density to 24 h 100 nM trametinib 

alone, or the combination of 500 nM JIB-04 or 1 µM SGC-CBP30 at the highest 50 ranking 

BRD4 peaks defined by trametinib induction magnitude. Right: Corresponding fold change of 

BRD4 or p300 ChIPseq density in the JIB-04 + trametinib or SGC-CBP30 + trametinib 

combinations relative to trametinib alone. 
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SUPPLEMENTARY METHODS 

RNAseq analysis 

Cell line raw and processed RNAseq is deposited in GEO as SuperSeries GSE87424.  Patient 

tumor RNAseq data deposition to dbGaP is in progress. 

 

Reads were aligned to the human reference genome (hg19_M_rCRS) using MapSplice v2.1.4 

(1). The alignment profile was determined by Picard Tools v1.88 (Broad Institute). Aligned reads 

were sorted and indexed using SAMtools v1.2 (2) and translated to transcriptome coordinates 

and filtered for indels, large inserts, and zero mapping quality using UNC Bioinformatics Utilities 

(UBU) v1.2 (3). Transcript abundance estimates for each sample were performed using RSEM 

expectation-maximization algorithm (4). 

 

A transcript was classified as not expressed if the RSEM abundance estimate was less than 50 

for both the DMSO and each drug treatment condition (50 RSEM threshold), unless otherwise 

noted.  Mean RSEM values of biological duplicates were utilized for analysis of basal-like and 

claudin-low cell line RNAseq datasets +/- 24 h 500 nM trametinib (Figs. 2B-E). 

Morpheus (Broad Institute) was used to generate the heat map of BL;BL patient tumor response 

to trametinib (Fig. 1C) with the following parameters: Metric = one minus Pearson correlation, 

Cluster = columns, Linkage Method = average. 

To generate the heatmap of DESeq2 analysis comparing trametinib-responsive kinases 

between basal-like and claudin-low cell lines (Fig. 2C), manually calculated log2 fold changes 

for significant kinases (at the 0.05 FDR level) were then clustered in the R using hierarchical 

clustering.  The function heatmap.2 in the R package “gplots” was utilized using (1 - Spearman 

Correlation)/2 as the distance metric and row scaling (all other parameters were set at their 

defaults).  
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ChIPseq analysis 

 

Raw and processed ChIPseq data is deposited in GEO as SuperSeries GSE87424.  Python 

code generated in the laboratory for ChIPseq analysis is available at GitHub (5).  See also 

Supplementary Tables S6 (SUM-159PT) and S7 (HCC1806) for ChIPseq datasets. 

 

All ChIPseq data sets were aligned using Bowtie v1.1.2 (6) to the human reference genome 

hg19_M_rCRS. Alignments were performed using the following parameters: -v 2 – m 1.   

 

Gene annotations: All analysis was performed using RefSeq (7) GRCh37/hg19 human gene 

annotations. 

 

Calculating Read Density: The density of reads in each region was normalized to the total 

number of million mapped reads producing read density in units of reads per million mapped 

reads (rpm).  The read density of the input chromatin was subtracted from the ChIP read density 

for normalization. 

  

Peak calling: We used a combination of two algorithms - MACS v1.4.2 (8) and HMCan v1.21 (9) 

to define enriched regions. We found that MACS was not calling peaks in the regions with high 

CNV and therefore used HMCan to call peaks in these regions. The high CNV regions are 

identified as the regions of size >50 kb where no MACS peaks are called, and have read 

coverage that is >3 times the average read coverage.  MACS was called with default settings. 

HMCan was run with narrow peak calling configuration file with no blacklisted regions.  Peaks 

within 12.5kb of each other were stitched as described (10).  
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Comparative Analysis: For comparative analysis, the treatment datasets were clubbed together 

in a project. A common set of regions was needed to compare ChIPseq enrichment upon drug 

treatment, we thus defined union peaks for a given project: a collection of peak regions of all the 

treatment datasets in a project, with adjacent peaks merged. 

 

Peak genic classification: A peak region was classified on the basis of its location with respect 

to GRCh37/hg19 gene annotations. If the region was +/- 5 kb of any transcription start site, it 

was classified as a promoter peak. If it was within -5kb to -200 kb of any transcriptional start 

site, it was classified as a 5’ enhancer peak. If the peak overlapped the gene boundary, and was 

not classified as a promoter or enhancer peak, it was classified as either a genebody_exon or 

genebody_intron peak. If the peak resided within 0 to +200 kb from the 3’-most exon, and did 

not fulfill the criteria for the above classifications, it was classified as 3’ enhancer. All remaining 

peaks were designated as “other” or “orphan”.   

 

ChIPseq density/transcriptional correlation: 

 

To plot BRD4 ChIPseq density fold change to trametinib treatment vs. RSEM fold change to 

trametinib treatment of proximal genes (Fig. 3F) we first removed any transcripts with less than 

50 RSEM counts for both the DMSO and trametinib conditions.  We then added a value of 0.01 

to each of the remaining RSEM abundance estimates to avoid zero values in the log2 fold 

change calculation.  For BRD4 ChIPseq peak log2 fold change calculations, we converted 

negative and 0 rpm values to 0.01.  Proximal/”nearby” genes were defined as those whose TSS 

resided within 200 kb 5’ of the 5’ edge of the induced ChIPseq peak or within 200 kb 3’ of the 3’ 

peak edge. 
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See Supplementary Table S5 for BRD4 ChIPseq/RNAseq merged datasets. 

 

ChIPseq data visualization: 

 

All ChIPseq density tracks were created by inputting bigwig files, normalized to the total number 

of mapped reads of the DMSO vehicle condition for each sample set, into the UCSC genome 

browser.  Scale for y axis of ChIPseq density tracks: rpm (reads per million mapped reads). 

 

Super-enhancer plotting: 

 

For the SUM-159PT enhancer quantification shown in Fig. 3C the dotted line indicates 50 rpm 

BRD4 density, the inflection point we defined for super-enhancer vs. classical enhancer 

categorization.   For the HCC1806 (Fig. 3D) and the SUM-229PE (Fig. 3E) enhancer 

quantification, the inflection point was defined as 25 rpm BRD4 density.    For the enhancer 

plots we retained all peaks with 5 rpm or greater read density in either the DMSO or trametinib 

condition.  For each condition we then plotted BRD4 peaks with 5 rpm or greater read density. 

 

ChIPseq density box-and-whisker plots: 

 

For the plots shown in Fig. 3B and Supplementary Figs S3D, S4A, and S4F, defined peaks 

were filtered for a given antibody such that only peaks equal to or greater than 5 rpm for either 

the DMSO or trametinib condition were retained.  A floor value of 0.5 rpm was created for 

remaining peaks to prevent artificially high fold change magnitudes. 

 

SUM-229PE subpopulation variant calling and copy number analysis  
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This workflow uses paired tumor and normal libraries to detect somatic mutations, large and 

small indels, structural variants, copy number aberrations, and pathogenic organisms.  Raw 

sequence were aligned to hg19 using the BWA-mem algorithm, and refined using our Assembly 

Based ReAlignment (11) process to allow for accurate alignment of complex sequence 

variation. Sequence variants from the reference were identified with FreeBayes (12), and 

Strelka (13) was used to call cell line specific mutations in a paired fashion by treating each cell 

line individually as the somatic sample.  Variants of high quality (Q >= 50) were annotated with 

SNPeff (14).  Copy number analysis was performed by summarizing read counts across the 

genome into 1MB windows which were analyzed with circular binary segmentation in the R 

package DNAcopy. 

 

Kinome phylogenetic tree visualization 

Kinome trees in Fig. 1B, 2E, 2H, and in Supplementary Fig. S2C, S2G are courtesy of Cell 

Signaling Technology.  The kinome trees in Fig. 2H were populated using an ImageJ (15) macro 

written by Noah Sciaky. 

 

GSEA 

Gene Set Enrichment Analysis (16,17) was performed using a 50 RSEM cutoff for 

Supplementary Figs. S4C and S4E and with no filtering for Fig. S2B.  The 

h.all.v5.1.symbols.gmt [Hallmarks] gene matrix was used with the following parameters: 

permutation type: gene_set; permutation number: 1000; gene set max size: 500; gene set min 

size: 15; enrichment statistic: weighted.  

 

MEME  

Multiple EM for Motif Elicitation-ChIP (18) v. 4.10.1 was employed to identify motifs enriched at 

trametinib-induced regions of BRD4 density.  We first identified all regions in SUM-159PT cells 
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where ChIPseq density increased two-fold or greater in response to 24 h 100 nM trametinib 

treatment.  For these regions, a sliding window of 600 bp was moved by 50 bp intervals 

whereby the fold change was calculated within the window. The 1000 highest-ranking non-

overlapping 600 bp regions with the largest fold change were defined and the corresponding 

DNA sequence was identified using the GRCh37/hg19 reference genome for subsequent input 

into MEME-ChIP. 

 

Statistical analysis 

Differential expression analysis comparing pre-treatment and post-treatment patient tumors 

(Fig. 1C) was performed as follows:  RSEM gene-level expected read counts were imported into 

R version 3.2.2  and were analyzed using DESeq2 v1.12.3 (19) to detect genes that were 

differentially expressed between pre-treatment and post-treatment conditions.  Default DESeq2 

parameters were used for the analysis, specifying sample ID in addition to pre and post 

treatment status to account for pairing between samples in the specification of the model design 

matrix.  Significantly differentially expressed genes were selected based on adjusted p-values, 

utilizing a threshold of 0.05 for significance.  For the analysis of RNAseq biological replicates of 

SUM-159PT cells +/- 24 h 100 nM trametinib (Supplementary Fig. S2A), expressed genes were 

first defined by 50 RSEM filtering of normalized reads prior to utilizing their expected read 

counts for DESeq2 analysis. 

To determine significance of overlap of trametinib-upregulated kinases between patient tumors 

and basal-like cell lines (Fig. 2D), we utilized a one-sided hypergeometric test to determine 

whether in the set of patient trametinib-upregulated genes we observed an overrepresentation 

of significantly differentially expressed upregulated genes relative to number of significantly 

differentially expressed genes in total among the basal-like cell lines dataset.  Due to limited 

number, lack of replicates, and tumor heterogeneity associated with the window-of-opportunity 
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trial samples there existed an inherent difference in statistical power between the patient and 

cell line transcriptional datasets.  We thus performed the hypergeometric test utilizing the basal-

like cell line dataset with FDR 0.01 in conjunction the FDR 0.05 patient dataset; p=0.007 (Figure 

2D).  The hypergeometric test yielded a p value of 0.053 using FDR 0.05 for both patient and 

cell line datasets. 

Data are +/- SD of the mean for Fig. 5C, 5H, 6D, 6F; +/- SEM for Fig. 5A, 5B, 6A, 7G, 7H.  Two-

tailed, unpaired equal variance Student’s t-testing was used for Fig. 3B, 4G, 5A-C, 5H, 6A-6D, 

7G, 7H, and Supplementary Fig. S4A,F. Whiskers on all box plots are Tukey.   
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