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Introduction

Hepatocellular carcinoma is the fourth leading cause of cancer-
related death in the world  and it can be a�ected by a multitude of 
factors, including viral hepatitis, alcoholic cirrhosis, and nonalcoholic 
steatohepatitis. HCC has one of the fewest druggable genetic changes 
among solid tumours, limiting therapeutic options for advanced 
HCC �e Cancer Genome Atlas R. Five of the seven FDA-approved 
medicines for advanced HCC, including the small-molecule 
medications sorafenib, regorafenib and lenvatinib target protein kinases 
[1]. �e antibodies ramucirumab and cabozantinib as well as cabozan 
demonstrate the relevance of kinase-dependent signalling networks in 
HCC progression. However, predictive biomarkers that could guide 
clinical use of these kinase inhibitors (KIs) are lacking, which is likely 
one of the reasons for the low response rates of 10%–15%. 

We measured drug response signatures in human HCC samples 
using kinobead/LC-MS, which could be used as candidate prognostic 
markers for customised treatment. Our �ndings revealed that the 
cellular EMT state has a broad impact on kinase expression and 
activation, as well as di�erent signalling networks and drug response 
characteristics [2]. We discovered a signalling circuit that induces 
EMT in HCC cells. �e EMT was reversed, replication stress signalling 
was enhanced, and HCC cells were more sensitive to medicines a�er 
genetic knockdown or small-molecule inhibition of these proteins.

Description
�e EMT State of HCC Cells Has a Wide Range of E�ects on 
Kinase Inhibitor Responses

We looked for similarities in response pathways across all 299 
medications examined in order to discover the main pathways that 
control responses to a wide range of current and pre-clinical KI 
medicines. We divided drugs into 11 KI clusters with similar pathway 
signatures, then calculated mean NES values for 34 representative 
Reactome terms from a larger panel of 275 scored pathways, followed 
by unsupervised hierarchical clustering [3-5]. Positive NES values for 
pathways widely overexpressed in rapidly proliferating cells, such as 
FGFR, IGF1R, cell-cycle, and mitosis-related pathways, were found in 
KIs in clusters 5–7 and 9–11. To discover signalling pathways driving 
HCC drug sensitivity and resistance, we developed a kinome-centric 
pharmacoproteomics strategy that combined kinome activity patterns 
and drug responses. Our �ndings suggest that kinase and interactor 
phosphorylation states are typically stronger predictors of drug 
response than mRNA or protein expression, and that phosphorylation 
events spanning the larger signalling network might predict responses 
to medicines that target other kinases within these pathways. Our 
unbiased discovery of pathway-based drug response signatures 
identi�ed kinase drug targets and proposed sensible medication 
combinations for the treatment of HCC. We conclude that data on the 
proteome and PTM expression are critical.
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