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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_pS2175221 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 MEKImRNA (b), MEK2 mRNA (c) based on the
functional effects of BRAF mutations characterized by the cell viability assays.
(a-c) Nrepresents the number of cell line samples. (d) Box plots showing the
differential expression of MEK1/2_pS217S221 RPPA between the patient samples

withanactivating 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 1.5x interquartile range of the lower and the upper quartiles,
respectively.

Nature Cancer



Resource

https://doi.org/10.1038/s43018-024-00817-x

a b

C

ANOVA p = 4.4x1072

Hazard ratio (95% CI) P-value
PKAA and EGFR RPPA level :
EGFR+PKAA e g 001+
1168 BLCA “+ both low (N=77) & (1.26-2.6) : ————10C5] 0.5
. others (N=257) i o
e Tumorpurity o 87% ——a—— I %
'.g 0.75 | e 00
o
-8 Sex 0% —— 0838 &
8 0.50 3
g Age oo " 0,006 § 0:3
g 0.25 S—— |
2] Stage (1:30520) —a—i <0001 ~10
0.00 ' ! Log-rank p = 2.8x10*
0 1000 2900 3000 4000 5000 #Events: 147 1NZ;37) ) o o ! : Deletion Amplification
Time (days) e oo (N=125) (N=463)
Concordance Index: 0.67 EGFR copy number alteration
p = 2.7x107° f
d e 3 15 o 15
1.00 2 3
0 N
< =
© °
075 >
2 § 1.0
c i
< <
£ A Z Z
S 050 [l EGFR inhibitor 4 4
g Other compounds € €
. 3 é 0.5
0.25 o o
2 2
® =
s o
0.00 e ] 00
True False )
Compounds resistant to high PKAA Control  PKAA PKAA Control  PKAA PKAA
shRNA3 shRNA5 shRNA4 shRNA5
.
g A549 Afatinib h A549 Erlotinib I A549 Osimertinib
1.25 1.25 125
§ DMSO 5 DMSO §
= 1.00 }-I(Té\ = 1.00 i = 1.00
2 = 2 : 2z .
5075 5075 5075 - —S
8 8 § ! = _
K g K =
3 0.50 3 0.50 ~ 3 0.50 \
o o \ o
Q 2 Q ~ Scrambled ShRNA
2 0.25| ~ Scrambled shRNA .2 0.25| — Scrambled shRNA 2025 -~ PRAASKRNA3 D = 1.5x10 ~b.
& ~ PKAA ShRNA3 p = 8.8x10 = ~ PKAA ShRNA3 p = 4.7x10° =3 s P S
3 PKAA ShRNAB b = 3.9%10-4 - PKAA ShRNA b = 5.3x10° o PIKAA shRNAS p = 6.9x10
Tooo| 4, o . . e m0~00ﬁ/ ! . - y . 10-007/ f el . . ]
107 1072 107" 10° 10 107 1072 107" 10° 10' 107 1072 107" 10° 10'

Drug concentration (uM)

S =
x

Drug concentration (uM)

Drug concentration (uM)

Drug concentration (uM)

Extended DataFig. 5| In vitro validation of PKAA-EGFR syntheticlethal
interaction. (a) AKaplan-Meier plot showing distinct survival probabilities of
bladder cancer patients with both low PKAA and EGFR protein levels. The p-value
isbased on alog-rank test. Shaded areas denote the 95% confidence intervals.
Nrepresents the number of patients in each group (both low: N = 77; and others:
N =257). (b) Aforest 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
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top of the box are the first and third quartiles, and the whiskers extend to
thel.5x interquartile range of the lower and the upper quartiles, respectively.
Nrepresents the number of cell line samples. (d) Enrichment of EGFR inhibitors
indrugs 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-1) Drug response
assays at 72 h for A549 (g-i) or H226 (j-1) PKAA-KD and control cells treated with
three EGFRinhibitors, Afatinib, Erlotinib, and Osimertinib (DMSO and 9 drug
concentrations). N = 3independent replicates were examined for each
treatment and perturbation. Data are shown as mean + SEM. The p-values
arebased 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 log,(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
isthe median, the bottom and top of the box are the first and third quartiles, and
the whiskers extend to the 1.5x interquartile range of the lower and the upper
quartiles, respectively. N represents the number of protein markersineach
group. (b, ¢) Relative mRNA level of CDK9in CDK9-KD and control MD-MB-231 or
A549 cells.N = 3independent replicates were examined for each perturbation.
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Data are shown as mean + SEM. (d, e) ROC curves showing predictive powers
of GCLM expressionin ACC patients (N = 44) (d) and CHK1in SARC patients

(N =223) (e) between metastatic and non-metastatic primary tumor samples.
Nrepresents 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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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  No software was used for data collection.

Data analysis The analyses were performed using R (v4.3.1). RPPA data curve fitting analysis was based on SuperCurve (v1.5). Network visualization was
performed using Cytoscape (v3.9.1). Heatmaps were built and visualized using ComplexHeatmap (v2.18.0) and ConsensusClusterPlus
(v1.66.0). BioRender was used to generate schematic diagrams. The ggplot2 (v3.4.4) R package was used to generate data analysis plots.
ImageJ (v1.53) was used for migration and wound healing analysis.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The RPPA dataset generated in this study is accessible through the TCPA data portal at: https://tcpaportal.org. CCLE-related data were downloaded from DepMap




(https://depmap.org/portal/), including genomic (mutations, copy number, DNA methylation), transcriptomic (RNA-seq and miRNA), mass spectrometry, drug
sensitivity, gene dependency, and metabolomics data. Additional drug sensitivity data were downloaded from GDSC (https://www.cancerrxgene.org), PRISM
(https://depmap.org/repurposing/), and GDSC drug combinations (https://gdsc-combinations.depmap.sanger.ac.uk). Metastatic potential data were downloaded
from MetMap (https://depmap.org/metmap/). For TCGA samples, molecular, tumor purity, and clinical data were downloaded from the TCGA PanCanAtlas (https://
gdc.cancer.gov/about-data/publications/pancanatlas). The annotations of hallmark gene sets were downloaded from GSEA (http://www.gsea-msigdb.org).

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
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Reporting on sex and gender Yes. Our study is based on pre-existing TCGA samples, which has been widely used in the community.

Reporting on race, ethnicity, or  This was not considered in the study.
other socially relevant

groupings

Population characteristics The summary information on TCGA samples profiled in this study is included in the supplementary table. All the clinical
information is available at the TCGA GDC portal, as documented in the Methods section.

Recruitment Patients were recruited through the TCGA project.

Ethics oversight Ethics oversight and written informed consent were through the TCGA project.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The sample sizes for both cell lines and patient tumors were predefined in the RPPA phase | study. The details were included in the original
marker papers from CCLE and TCGA projects (PMIDs: 24037243, 24871328, 31201206, 31068700).

Data exclusions  In each analysis, samples were filtered by considering both the quality and availability across different molecular and phenotype datasets.
Replication Replicate samples were used to merge different RPPA slides to minimize the batch effects. All attempts at replication were successful.

Randomization  Sample randomization were performed when arranging the samples on each RPPA array to control the confounding factors. The detailed
information was documented in previous publications.

Blinding The investigators were not blinded to the sample information during the study. However, this lack of blinding did not impact the data
collection and generation phases, as sample information was not utilized in these initial steps. Instead, specific details such as cell line lineage
and patient clinical data were only applied in the downstream analyses, where blinding is less critical due to the objective nature of the
analytical methods used.
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system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

>
Q
]
(e
(D
1®)
(@)
=
S
c
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<




Materials & experimental systems Methods

Involved in the study
™ Antibodies

Eukaryotic cell lines

Clinical data
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n/a | Involved in the study

|Z |:| ChiIP-seq
|:| Flow cytometry

Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms

Dual use research of concern

Plants
Antibodies
Antibodies used Biotinylated Goat anti-Rabbit IgG H+L (Invitrogen, Cat#: 31822, Lot#: XC3537505, dilution: 1:1000)
Biotinylated Goat anti-Mouse 1gG H+L (Vector Laboratories, Cat#: BA-9200, Lot#: ZD0801, dilution: 1:10000)
Biotinylated Rabbit anti-Goat IgG H+L (Fisher Scientific, Cat#: NC9376096, Lot#: ZB0923, dilution: 1:10000)
Validation Each antibody was assessed based on the protein expression obtained from cultured cell lines or tumor tissues. Antibodies with a

good correlation Western blot were considered as valid.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Plants

The MDA-MB-231 and NCI-H226 cell lines were obtained from the MD Anderson Characterized Cell Line Core Facility. The
A549 cell line was purchased from American Type Culture Collection. Lenti-X293T cells were obtained from Dr. Gordon B.
Mills” laboratory.

All cell lines were authenticated using short tandem repeat analysis at the MD Anderson Characterized Cell Line Core Facility.

Cell lines were routinely tested and were negative for mycoplasma contamination.

No misidentified cell lines were used in this study.

Seed stocks n/a

Novel plant genotypes  n/a

Authentication n/a
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