
 
 

Lab Name Oncogenes and Tumour Metabolism Laboratory 

Research programme and achievements 

The overarching aim of our research is to identify the relationship between genetic 
profiles, tumour microenvironment and metabolism in in vivo settings, and to exploit these 
relationships to stratify patient groups and develop efficient therapeutic approaches. We 
focus on investigating the role of one of the major oncogenes in human cancers, MYC, in 
regulating metabolism of tumour cells and their environment and defining metabolic 
vulnerabilities of tumours.   
  
The main achievements of the laboratory since 2015 are as follows:  
1. Demonstrating differential metabolism between two major subtypes of lung cancer, 
adenocarcinomas (AdCs) and squamous cell carcinomas (SCCs) both in primary human 
tumours and tumour slices incubated ex vivo. We identified a 24-gene metabolic 
signature sufficient for the separation of SCCs from AdCs and non-cancerous lung. This 
suggested potential therapeutic targets specifically in SCCs. We demonstrated an 
association of metabolic profile of SCCs with Notch signalling, and showed the 
relationship between Notch1, metabolic signature and cancer type was lost in cancer cell 
lines, underlining the importance of studying cancer metabolism in vivo.   
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2. Demonstrating that different isoforms of pyruvate kinase can sustain MYC-induced 
tumorigenesis. Only pyruvate kinase M2 isoforms had been previously 
considered tumour-specific.   
3. Demonstrating the extreme multi-level flexibility of tumour metabolism sustaining 
tumour progression when specific enzyme/pathways are inhibited: inhibition of enzyme 
isoforms expressed in a tumour can be compensated by an isoform expressed 
in the normal tissue from which a tumour originated; inhibition of a metabolic pathway can 
be compensated by an alternative pathway; inhibiting both glucose and glutamine 
catabolism, two major pathways feeding the Krebs cycle, is required to significantly 
decrease the levels of Krebs cycle intermediates and inhibit tumour progression; inhibiting 
production of metabolites like serine and fatty acids can be compensated by the uptake of 
these nutrients from the diet/blood stream. The requirement of inhibiting both glutaminase 
and amidotransferases and combining fatty acid synthase inhibition with low fat diet in 
order to have a significant effect on tumour progression has direct clinical application as 
both glutaminase and fatty acid synthase inhibitors are currently in clinical trials.    
4. Demonstrating the role of glutamine and serine metabolism in MYC-induced mammary 
gland tumorigenesis.   
5. Demonstrating that increased glutamine catabolism in MYC-induced mammary gland 
tumours is associated with increased glycosylation of one of the major glutamine 
transporters Slc1A5 (ASCT2) and its localisation at the plasma membrane, which 
promotes its activity. We also demonstrated that ASCT2 glycosylation is glutamine-
dependent and that increased expression of ASCT2 regulated by MYC is sufficient 
to induce its glycosylation and membrane localisation.  MYC tumour cells are more 
sensitive to GPNA, an ASCT2 inhibitor, than ERBB2 tumour derived cells, which do not 
have glycosylated and membrane-localised ASCT2 and have lower glutamine catabolism 
than a MYC tumour cell.    
6. Demonstrating differential acetate catabolism depending on a tumour-driving 
lesion. Acetate catabolism through the Krebs cycle is driven by the mitochondrial isoform 
of Acyl-CoA synthetase 1, ACSS1, specifically in MYC tumours (previous studies 
demonstrated the importance of nuclear/cytosolic isoform of ACSS2). We also 
demonstrated the requirement of ACSS1 for tumour development and the role of acetate 
in supporting tumour cells when glucose catabolism is inhibited.   
6. Establishing a pipeline for identifying the activity of metabolic pathways in tumours in 
situ. Demonstrating the heterogenous distribution of metabolic pathways in situ defined by 
genetic backgrounds of tumour cells.   
7. Demonstrating an association of high levels of pantothenic acid (vitamin B5) with 
regions of high Krebs cycle activity and the requirement of pantothenic acid for tumour 
progression.   
  
In our future work we will focus on:  
1. further identifying mechanisms allowing tumour cells to overcome metabolic 
perturbations. Specifically, we will identify the role of specific amidotransferases and 
aminotransferases in supporting the proliferation of tumour cells in the absence of 
glutaminase activity.   
2. exploring the role of dietary amino acids in supporting formation and progression of 
MYC-induced tumours.   
3. exploring metabolic interactions between tumour cells and their microenvironment 
and how these interactions are affected by inhibiting glutamine catabolism.  
4. identifying the role of pantothenic acid in supporting tumour progression.  
5. establishing the spatial relationship between genetic and metabolic heterogeneity in 
preclinical tumour models of breast cancer and human tumour samples.   
6. evaluating the role of metabolic pathways in supporting lung metastases.   

 



 

Research outputs 

Méndez-Lucas A, Li X, Hu J, Che L, Song X, Jia J, Wang J, Xie C, Driscoll 
PC, Tschaharganeh DF, Calvisi DF, Yuneva M, Chen X. (2017) Glucose catabolism in 
liver tumours induced by c-MYC can be sustained by various PKM1/PKM2 ratios and 
pyruvate kinase activities. Cancer Res 77:4355-4364. DOI: 10.1158/0008-5472.can-17-
0498   
We demonstrated that different isoforms of pyruvate kinase can sustain MYC-induced 
tumorigenesis. Only pyruvate kinase M2 isoforms had been previously considered tumour-
specific.  
  
Tarrado-Castellarnau M, de Atauri P, Tarragó-Celada J, Perarnau J, Yuneva M, 
Thomson TM, Cascante M. (2017) De novo MYC addiction as an adaptive response of 
cancer cells to CDK4/6 inhibition. Mol Syst Biol 13:940. DOI: 10.15252/msb.20167321  
Treatment of colorectal cancer cells with a CDK4/6 inhibitor leads to increased expression of 
MYC and metabolic reprograming, including increased expression of glutaminase and 
activation of the mTOR patwhay. As the result, cells resistant to CDK4/6 inhibition become 
sensitive to inhibitors of MYC, glutaminase and mTOR. This demonstrates how metabolic 
reprogramming in response to cell cycle inhibitors can lead to new metabolic vulnerabilities.    
  
Sellers K, Allen TD, Bousamra M II, Tan J, Méndez-Lucas A, Lin W, Bah 
N, Chernyavskaya Y, MacRae JI, Higashi RM, Lane AN, Fan TW and Yuneva 
MO. (2019) Metabolic reprogramming and Notch activity distinguish between non-
small cell lung cancer subtypes. BJC 121, 51-64. DOI: 10.1038/s41416-019-0464-z  
Using stable isotope labelling in human lung cancer patients and ex vivo tumour slices we 
have demonstrated differential metabolism between two major subtypes of lung cancer, 
adenocarcinomas (AdCs) and squamous cell carcinomas (SCCs). We identified a 24-gene 
metabolic signature that is sufficient for the separation of SCCs from AdCs and non-
cancerous lung. This suggested potential therapeutic targets specifically in SCCs.  We 
identified Notch as a signalling pathway associated with the increased metabolic activities in 
SCCs.   
  
Méndez-Lucas A, Lin W, Driscoll PC, Legrave N, Novellasdemunt Vilaseca 
L, Xie  C, Charles M, Wilson Z, Jones NP, Rayport S, Rodríguez-Justo M, Li 
V, MacRae JI, Hay N, Chen X, Yuneva M. (2020) Identifying strategies to target the 
metabolic flexibility of tumours. Nat Metab 2, 335–350. DOI: 10.1038/s42255-020-0195-
8  

Extreme multi-level flexibility of tumour metabolism is revealed. Demonstrates that 1) 
inhibition of enzyme isoforms expressed in a tumour can be compensated by an isoform 
expressed in normal tissue a tumour originated from; 2) inhibition of a metabolic pathway 
can be compensated by an alternative pathway, 3) inhibiting both glucose and glutamine 
catabolism, two major pathways feeding the Krebs cycle is required to significantly decrease 
the levels of Krebs cycle intermediates and inhibit tumour progression; 4) inhibiting 
production of metabolites like serine and fatty acids can be compensated by the uptake of 
these nutrients from the diet/blood stream.   

  

  
  

https://doi.org/10.1158/0008-5472.can-17-0498
https://doi.org/10.1158/0008-5472.can-17-0498
https://www.ncbi.nlm.nih.gov/pubmed/28978620
https://www.ncbi.nlm.nih.gov/pubmed/28978620
https://doi.org/10.15252/msb.20167321
https://doi.org/10.1038/s41416-019-0464-z
https://doi.org/10.1038/s42255-020-0195-8
https://doi.org/10.1038/s42255-020-0195-8

