
Supplementary Figures to 

BRAF fusion gene partners influence oncogenic BRAF activity 
 

 

Supplementary Figure 1. Impact of BRAF (fusion) gene expression on phosphorylation of 

AKT.  

BRAF (fusion) expressing organoids were not induced (-) or induced (+) with dox (1 µg/ml) 

for 24h and immunoblotted for phosphorylated AKT (pAKT) and total AKT (tAKT). GAPDH 

was used as loading control. 

 

Supplementary Figure 2. BRAF (fusion) gene mRNA and protein expression levels. 

(A) Quantification of BRAF (fusion) expression on mRNA and protein levels. mRNA was 

quantified with qRT-PCR. Protein was quantified with western blot. mRNA and protein levels 

were normalized to expression levels of induced BRAFWT expressing P18T organoids (set to 

1). 

 

Supplementary Figure 3. Phosphoproteomics screen in HEK293 cells reveals that BRAF 

fusions and BRAFV600E activate similar signaling pathways. 

(A) Schematic overview of the SILAC-based phosphoproteomics screen performed on BRAF 

(fusion) expressing HEK293 cells. (B) Heatmap of ratio changes of significantly upregulated 

(Log2 FC>1.5, p-value<0.05) phosphosites induced upon BRAF (fusion) gene expression in 

HEK293 cells. Phosphosites in the MAPK signaling pathway that are shared between BRAF 

fusion and BRAFV600E expressing cells are indicated at the upper left. BRAF (fusion)-specific 

phosphotargets (highest ratio changes) are indicated with grey lines. (C) Kinase-Substrate 

Enrichment Analysis results showing kinase activity scores of BRAFKinase, BRAFWT, and GFP 

expressing HEK293 cells. (D) Venn diagram depicting the overlap of specific phosphosites 

and phosphorylated proteins (-1.5<Log2 FC>1.5, p-value<0.05) between BRAF fusion, 

BRAFV600E, and BRAFKinase in HEK293 cells. Between brackets is indicated the percentage of 

overlapping phosphosites/proteins between BRAF fusion, BRAFV600E, and BRAFKinase 

expressing cells.  

 

Supplementary Figure 4. BRAF (fusion) gene expression and MAPK pathway activation in 

HEK293 cells.  

(A) Breakpoint-PCR verifying the expression of the BRAF (fusion) transcripts in HEK293 cells 

upon dox administration. Respective breakpoint primers are used on uninduced (-), induced 

(+;1 µg/ml dox for 24h), positive (respective pInducer20-plasmid; P) and negative control 

(water; N). (B) Immunoblotting for HA-tagged BRAF (fusion) proteins in HEK293 cells 

verifying the protein expression at the expected height and upon dox administration (1 

µg/ml for 24h). GAPDH was used as loading control. (C) HEK293 cells were not induced (-) or 

induced (+) with dox (1 µg/ml) for 24h and immunoblotted for phosphorylated ERK (pERK) 

and total ERK (tERK). GAPDH was used as loading control. 



 

Supplementary Figure 5. BRAF (fusion) protein localization in HEK293 cells.  

HEK293 cells transduced with GFP, BRAFWT, BRAFKinase, BRAFV600E, AGAP3-BRAF, DLG1-BRAF 

or TRIM24-BRAF were not induced (- dox) or induced (+ dox (1 µg/ml for 24h)) and stained 

for the HA-tag to visualize the protein localization (HA-tag = green) and the nucleus (Hoechst 

= blue). White arrows indicate localization to the plasma membrane. 

 

Supplementary Figure 6. Establishment of optimal duration of dox induction for BRAF 

(fusion) protein expression. 

(A) GFP- and (B) DLG1-BRAF-transduced HEK293 cells were induced with dox (1 µg/ml) for 

up to 4 hours and immunoblotted for protein expression (HA-tag), pERK and tERK. GAPDH 

was used as loading control. (C) BRAFWT, BRAFKinase, BRAFV600E, AGAP3-BRAF, or TRIM24-

BRAF-transduced HEK293 cells were induced with dox (1 µg/ml) for up to 4 hours and 

immunoblotted for protein expression (HA-tag) and pERK. (D) Verification of BRAF (fusion) 

protein expression immunoblotting upon dox induction (1 µg/ml) for 4 hours from the 

lysates of the phosphoproteomics experiment (light and heavy labeled cells). Blots were 

probed for protein expression (HA-tag) and beta-catenin was used as loading control.  

 

Supplementary Figure 7. Validation of phospho-proteins and transcriptomic analysis of 

BRAF (fusion) gene expressing P18T CRC organoid lines.  

(A) Immunoblotting for phosphotargets pERK and pMEK of BRAF (fusion) genes that were 

identified by phosphoproteomics shows upregulated levels of MAPK signaling in BRAFV600E, 

AGAP3-BRAF and DLG1-BRAF upon dox administration (1 µg/ml for 24h). Vinculin was used 

as loading control. (B) Principal Component Analysis of gene expression levels for BRAF 

(fusion) gene and GFP expressing lines (- dox and + dox (1 µg/ml, 24h)). (C)  Unsupervised 

hierarchical clustering on all significantly differentially expressed genes (padjusted <0.05) 

between the AGAP3-BRAF, DLG1-BRAF and TRIM24-BRAF expressing organoid lines and all 

other lines (D) Overlap of the significantly differentially expressed genes (padjusted <0.05) 

between the AGAP3-BRAF, DLG1-BRAF or TRIM24-BRAF expressing organoid lines and the 

control lines (uninduced lines and induced GFP line). Gene set overrepresentation analysis 

revealed pathways enriched for genes involved in specific cellular functions. 

 

Supplementary Figure 8. Expression of most differentially expressed genes in DLG1-BRAF 

expressing P18T organoids and CRC patients. 

Expression levels of Top 50 upregulated (A) and Top 50 downregulated (B) genes upon 

DLG1-BRAF expression in CRC organoids and in CRC patients (n=233) wild type for KRAS and 

BRAF. Violin-plots depicts overall distribution of expression and red dot indicates expression 

levels in the DLG1-BRAF-positive CRC patient or the DLG1-BRAF expressing organoid line. 

 

Supplementary Figure 9. BRAF (fusion) genes confer resistance to EGFR inhibition.  



(A) Representative bright field pictures of P18T CRC organoids with (+ dox (1 µg/ml)) or 

without (- dox) induced expression of GFP or BRAF (fusion) genes that were treated with 

DMSO or afatinib (1 µmol/L) for 7 days. (B) Quantitative analysis of organoid growth in 

BRAFKinase, BRAFV600E or BRAF fusion lines treated with or without doxycycline (+ dox (1 

µg/ml)) and afatinib (1 µmol/L) for 7 days. Each dot represents one organoid. Data from 3 8-

wells Lab-Tek chambered coverglass is shown per condition. 

 

Supplementary Figure 10. Impact of afatinib exposure on pAKT levels in BRAF (fusion) gene 

expressing CRC organoids.  

(A) BRAF (fusion) protein expressing organoids were treated with DMSO (-) or 1 µmol/L 

afatinib (+) for 24h and immunoblotted for phosphorylated AKT (pAKT) and total AKT (tAKT). 

GAPDH was used as loading control. 

 

Supplementary Figure 11. Differential sensitivities of BRAF (fusion) genes to combinatorial 

targeting of EGFR and MEK. 

(A) IC50 values for organoid growth (area) of BRAF (fusion) and GFP expressing organoids 

treated with afatinib (EGFRi), selumetinib (MEKi), SCH772984 (ERKi), encorafenib (RAFi) and 

dabrafenib (RAFi) in a mono- or combinatorial fashion. (B) Representative pictures of BRAF 

fusion expressing organoids treated with 30 µmol/L encorafenib, showing organoid swelling 

in AGAP3-BRAF and TRIM24-BRAF lines. 



Supplementary Tables 

 

Supplementary Table 1. 

Primer used for breakpoint PCR, HA-tag spanning PCR and for the gateway cloning 

 

Supplementary Table 2. 

KSEA kinase scores and kinase-substrate links identified in phosphoproteomic screen 

(provided separately due to size) 

 

 

Supplementary Table 3. 

Differential Gene Expression Analysis on BRAF (fusion) gene expressing organoid lines 

(provided separately due to size) 

 

 

Supplementary Table 4.  

 

Z-scores of significantly differential expressed genes (provided separately due to size) 

 

 


