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Supplemental Data 1: Primers used for PCR amplification of BTK. The PCR primers listed in 

Supplemental Data 1 were used to amplify the region of the BTK gene which contained the CRISPR cut site. 

Sequencing was performed with the indicated nested primers. The data from this experiment are summarized in 

Fig. 2A. 

 

Supplemental Data 2: Results from sRGES analysis. This data table summarizes the results from the 

computational sRGES analysis. The analytical steps used to generate these data are described in the Materials 

and Methods section under “OCTAD Datasets and RNA-Sequence processing”, “Disease signature creation”, 

and “Drug prediction. The results of this analysis are summarized in Figure 1A.   



 

 

 

 

 

Fig. S1: Principal Component Analysis of resistant cell line samples and tumor tissue samples. Principal Component 

Analysis was performed on 361 primary melanoma tumors, 1,000 non-melanoma primary tumors, and BRAFi-resistant 

melanoma cell lines (n = 2 for 3 different cell lines). 

  



 

Fig S2. Drug sensitivity correlates with sRGES drug response predictions. Compound sensitivity (sRGES score, x-

axis) was predicted for UACC62 cells. These scores were compared with actual compound sensitivity values for UACC62 

cells, since UACC62 was profiled in the CTRPv2 dataset. The y-axis values represent the Area over the Curve (AoC), 

such that low AoC values indicate that the compound did not effectively reduce cell viability and high AoC values 

indicate that the compound reduced cell viability. Since low sRGES scores indicate that a compound was predictive to 

more effectively reduce cell viability, a strong inverse correlation in this analysis would indicate high predictive accuracy. 

The overall correlation was determined by computing the Spearman correlation between the predicted (sRGES) and the 

actual (AoC) compound sensitivity values. 



 

Fig S3. Single-agent activity of compounds identified in the computational screen. M229P (green lines) and M229R 

(red lines) cells were seeded into 384-well plates at a density of 1,000 cells/well. The next day the cells were treated with 

the indicated compounds. After 72 h viability was measured as described in materials and methods.  The single agent 

response curves were derived from the experiment in Fig S7 but are re-plotted here as a separate figure to improve clarity 

and ease interpretation of the data. 

  



 

 

 

 

Fig. S4. A BRAFi resistance signature is inversely correlated with melanoma overall survival. The BRAFi-resistance 

gene expression signature was generated as described in the Materials and Methods section and expression of this 

signature was calculated for either A. BRAFV600E or B. BRAFWT melanoma tumors. 

  



 

 

Fig. S5 Identification of compounds that reverse a BRAFi resistance gene expression signature. The resistance 

signature was computed by comparing resistance cell line samples and BRAFV600E-mutant melanoma patient samples. Red 

boxes indicate that the gene is upregulated, and blue boxes indicate downregulated genes. Loxoprofen was included as a 

control since this compound was not predicted to reverse the BRAFi resistance signature. For compounds with multiple 

gene expression profiles, the profile with a median RGES was chosen for visualization. The correlation coefficients for 

the BRAFi-resistance signature and the compound-treated signatures are listed above the heatmap.   

 



 

 

 

Fig S6. Identification of compounds which re-sensitize BRAFi-resistant cells to vemurafenib. M229P (blue lines) and 

M229R (red lines) cells were seeded into 384-well plates at a density of 1,000 cells/well. The next day the cells were 

treated with the indicated compounds. After 72 h viability was measured as described in materials and methods.  

  



 

Fig. S7. The combination of ibrutinib and vemurafenib reduces colony formation in M229R cells. M229R cells were 

seeded into a 6-well plate at a density of 5,000 cells/well. The next day the cells were treated with the indicated 

concentrations of vemurafenib and ibrutinib. The colony formation assay was performed and analyzed as described in 

materials and methods. (n = 3 biological replicates) 

 

 



 

 

Fig S8. The combination of vemurafenib and ibrutinib increases the number of Annexin V-positive cells but does 

not alter caspase3/7 activity or PARP cleavage. A. The proportion of Annexin V and Propidium Iodide positive 



M229P/R cells was analyzed with flow cytometry as described in the Materials and Methods section. B. DEVD-AFC 

assays were used to evaluate caspase3/7 activity in M229P/R cellular lysates as described in the Materials and Methods 

section. C. M229P/R cells were treated with the indicated concentrations of vemurafenib and ibrutinib (µM) for 24 h. 

Total cellular lysates were collected and were immunoblotted with anti-PARP and anti-Actin antibodies as described in 

the materials and methods section. Ibrut = Ibrutinib and Vem = Vemurafenib. Molecular weight markers (top to bottom) 

for the PARP immunoblot are: 250, 150, 100, 75, 50 kDa. Molecular weight markers (top to bottom) for the Actin 

immunoblot are: 100, 75, 50, 37 kDa. 

  



 

Fig S9. BTK mRNA is weakly expressed in M229P/R cells. RNA-Seq data for M229P/R cells was processed as 

described in Materials and Methods and expression of all protein kinases was compared. Relative to other kinases, the 

number of detected reads for BTK was low. 

  



 

 
Fig S10. Quantification of BTK knockout efficiency. Representative Sanger sequencing traces that were used to 

measure CRISPR knockout efficiency with the TIDE algorithm as described in the Materials and Methods section.  

  



 

Fig S11. Differential gene expression networks are associated with developmental gene signatures. A. All 

differentially expressed genes in the ibrutinib-treated group (n = 101) were analyzed by string network analysis (left, 

blue). A similar analysis was performed for the top 101 differentially expressed genes in the ibrutinib + vemurafenib 

combination treatment group (right, red). B. Gene ontology analysis of genes within the interaction networks from Fig. 

3B. 

  



 

Fig S12. Expression of ibrutinib targets in M229P/R cells. Ibrutinib Kd against various kinases (1) compared with 

kinase gene expression in M229P/R cells. RNA-seq data processing was performed as described in Materials and 

Methods. 

 



 

Fig S13. Ibrutinib does not alter TAZ localization in BRAFi-resistant cells. A. M229P/R, B. M238P/R, and C. 

UACC62P/R cells were seeded into 8-well chamber slides as described in Materials and Methods. The cells were treated 

with either DMSO, 5 µM ibrutinib, or 5 µM acalabrutinib. After 24 h the cells were fixed and stained as described in 

Materials and Methods. The proportion of cells with nuclear, pan-cellular, or cytosolic TAZ localization was quantified as 

described in Materials and Methods. Statistical analysis was performed on % of cells with nuclear localization where p < 



0.01 was considered statistically significant. Bars marked with # indicate a statistically significant difference when 

compared with DMSO-treated parental cells and bars marked with * indicate a statistically significant difference when 

compared with DMSO-treated resistant cells. 

  



 

Fig S14. Skin cancer cell lines are not sensitive to single agent ibrutinib treatment. The cell lines in the PRISM 

dataset were stratified based on cancer type and ibrutinib sensitivity was compared. Smaller Log2(Fold Change) values 

indicate higher sensitivity to ibrutinib.  
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