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Cancer can be defined as the uncontrolled growth and division 
of cells, leading to tumour formation, invasion, and metastases. 
Unlike normal cells that require growth factor signals, tumour 
cells often have mutations that result in constitutively active 
(“ always on ”) signaling pathways that drive aberrant cell 
growth and division. In order to fulfil the high nutrient demand 
required for their continuous growth, tumour cells have 
reprogrammed their basal metabolism from an oxidative to 
a more glycolytic/anabolic one, even in the presence of oxygen. 
Major molecular mechanisms involved in the process have 
been identified and characterised. It was found that both 
oncogenes ( Ras, Myc ) and tumour suppressor genes ( p53, 
RB, LKB1 ) impart an altered metabolic phenotype in cancer 
cells by regulating genes involved in central metabolic 
pathways.

Cyclins and cyclin-dependent protein kinases ( CDKs ) are 
important regulators of the cell cycle. In recent years, several 
highly effective CDK inhibitor ( CDKi ) drugs such as 
abemaciclib and palbociclib have been approved for the 
treatment of hormone receptor-positive, HER2-negative 
advanced breast cancer in combination with endocrine therapy, 
demonstrating substantial improvements in patient 
progression-free and overall survival. Many tumours eventually 
develop resistance to these drugs. The precise characterization 

of these mechanisms of resistance could lead to the 
identification of biomarkers predicting the clinical response 
to CDKis, the identification of other types of tumours also 
responsive to CDKis, synthetic lethality, and more precise 
combination therapies.

Our laboratory has collaborated with Eli Lilly Alcobendas 
( Madrid ) and Marcos Malumbres ’ Cell Division and Cancer 
Group at the CNIO to validate molecular targets involved in 
mechanisms of sensitivity and resistance to CDK4/6 inhibitors 
identified through a CRISPR/Cas9 library screen. One of our 
goals was to study how CDKis may affect tumour metabolic 
reprogramming. FIGURE 1 shows how both abemaciclib and 
palbociclib specifically target oxidative phosphorylation 
metabolism while leaving glycolysis unaffected. s

scopE oF thE Eli lillY - cnio partnErship

Eli Lilly and CNIO are collaborating on the identification and 
validation of novel targets in cancer immunometabolism. Our 
Section is funded through a research contract with Eli Lilly 
and focuses on identifying small molecular weight molecules 
that regulate the metabolism of malignant cells, with the 
objective of killing them either directly, by acting synergistically 
with other antitumour agents, or indirectly by activating the 
antitumour immune response. Exploring how to better target 
these mechanisms would lead to better and more efficient 
therapeutic options.

A combination of in vitro and in vivo approaches is being 
utilised to obtain a complete understanding of tumour 
metabolic reprogramming and the antitumour response. For 
this purpose, we developed a series of biochemical and cell-

based assays exploiting advanced techniques such as 
extracellular flux analysis ( Seahorse technology ), nuclear 
magnetic resonance, metabolomics and immunophenotyping. 
Finally, each target goes through an in vivo validation process 
using xenografts, allografts and mouse models developed at 
the CNIO. This includes the use of non-invasive in vivo imaging 
technologies, and immune histochemical characterisation of 
tumours for different metabolic, immune and tumour markers. 
The final step is the validation in human samples using tumour 
tissue arrays.
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FIGURE 1 Extracellular fluid analysis of 
breast cancer cell lines treated with CDKi 
abemaciclib or palbociclib. Both the 
extracellular acidification rate ( ECAR ), a 
measure of the glycolytic status of the 

cell (  A ), as well as the oxygen 
consumption rate ( OCR ), a mitochondrial 
test ( B ), were measured using a Seahorse 
XPF analyzer. CDKi inhibitors greatly 
inhibit mitochondrial metabolism
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