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Extended Data Fig. 4 | Differential effects of BRAF mutations on MEK1/2 
mRNA and protein expression. (a) A scatter plot showing the correlation 
between MEK1/2_pS217S221 RPPA and BRAF gene dependency in melanoma cell 
lines (N = 36). Shaded areas denote the 95% confidence intervals. (b-c) Box plots 
showing differential expression of MEK1 mRNA (b), MEK2 mRNA (c) based on the 
functional effects of BRAF mutations characterized by the cell viability assays. 
(a-c) N represents the number of cell line samples. (d) Box plots showing the 
differential expression of MEK1/2_pS217S221 RPPA between the patient samples 

with an activating BRAF mutation (N = 119) and those with wild-type BRAF 
(N = 60). (b-d) The p-values are based on Wilcoxon test. N represents the number 
of patient samples. (e) A heatmap showing detailed information on the BRAF 
mutations, their functional effects, and the corresponding MEK1/2_pS217S221 
RPPA expression pattern. (b-d) The middle line in the box is the median, the 
bottom and top of the box are the first and third quartiles, and the whiskers 
extend to the 1.5× interquartile range of the lower and the upper quartiles, 
respectively.
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Extended Data Fig. 5 | In vitro validation of PKAA-EGFR synthetic lethal 
interaction. (a) A Kaplan-Meier plot showing distinct survival probabilities of 
bladder cancer patients with both low PKAA and EGFR protein levels. The p-value 
is based on a log-rank test. Shaded areas denote the 95% confidence intervals.  
N represents the number of patients in each group (both low: N = 77; and others: 
N = 257). (b) A forest plot of hazard ratios for PKAA protein and clinical variables. 
The p-values are based on a multivariate Cox proportional hazards model. 
The center point of each horizontal bar represents the estimated hazard ratio. 
N represents the number of patients. (c) Box plots showing the differential 
gene dependency of PKAA between samples with EGFR deletion (N = 125) and 
amplification (N = 463). The middle line in the box is the median, the bottom and 

top of the box are the first and third quartiles, and the whiskers extend to  
the 1.5× interquartile range of the lower and the upper quartiles, respectively.  
N represents the number of cell line samples. (d) Enrichment of EGFR inhibitors 
in drugs resistant to high PKAA levels. The p-value is based on Fisher’s exact 
test. (e, f) Relative mRNA level of PKAA in PKAA-KD A549 or H226 cells. N = 2 
independent replicates were examined for each condition. (g-l) Drug response 
assays at 72 h for A549 (g-i) or H226 (j-l) PKAA-KD and control cells treated with 
three EGFR inhibitors, Afatinib, Erlotinib, and Osimertinib (DMSO and 9 drug 
concentrations). N = 3 independent replicates were examined for each  
treatment and perturbation. Data are shown as mean ± SEM. The p-values  
are based on ANOVA.
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Extended Data Fig. 6 | Evaluation of metastasis markers in cancer cell lines 
and patient samples. (a) Box plots showing the log2(FC) between metastatic 
and primary cell lines of anti- (N = 37) and pro-metastasis (N = 35) marker RPPA 
expression. The p-value is based on the Wilcoxon test. The middle line in the box 
is the median, the bottom and top of the box are the first and third quartiles, and 
the whiskers extend to the 1.5× interquartile range of the lower and the upper 
quartiles, respectively. N represents the number of protein markers in each 
group. (b, c) Relative mRNA level of CDK9 in CDK9-KD and control MD-MB-231 or 
A549 cells. N = 3 independent replicates were examined for each perturbation. 

Data are shown as mean ± SEM. (d, e) ROC curves showing predictive powers 
of GCLM expression in ACC patients (N = 44) (d) and CHK1 in SARC patients 
(N = 223) (e) between metastatic and non-metastatic primary tumor samples. 
N represents the number of patients. (f) A pie chart showing the distribution of 
drug development levels for all the identified pro-metastasis protein markers. 
The annotation data was obtained from the Pharos database. N represents the 
number of protein markers in each group (Tclin: N = 6; Tchem: N = 13; and  
Tbio: N = 15).
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