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Chemokine receptors, and especially CXCR4 and ACKR3, are interesting drug targets for a variety 

of diseases, including cancer (1). Construction and application of structural chemokine receptor 

models is essential for the elucidation of molecular determinants of chemokine receptor modulation 

and the structure-based discovery and design of chemokine receptor ligands (2).  

Aims 

Apply a combined approach of structure and ligand-based computational methods for the discovery 

of new leads and ligands for the chemokine receptors CXCR4 and ACKR3.  

Methods 

In this study, we have performed a comparative analysis of ligand binding pockets in chemokine 

receptors and their implication for the modeling of GPCR-ligand interactions (2). We integrated new 

structural information of chemokine receptors with extensive structure-activity relationship and site-

directed mutagenesis data using structural chemoinformatics workflows (3, 4).  This method was 

applied in a drug discovery excercise for CXCR4 and ACKR3. This is specially challenging in 

chemokine receptors as they present multiple druggable binding sites, including the minor and major 

pocket in the orthosteric site (binding small molecules/peptides), the extracellular vestibule (binding 

chemokines/antibodies), and even an intracellular binding site (binding small molecules, 

nanobodies).  

Results and conclusion 

We will show how we successfully performed virtual screening based on a fragment library for 

CXCR4, obtaining hits that were used for chemical optimization. We applied the acquired structural 

knowledge for the growing of the fragment, leading to drug-like compounds with better affinity than 

some reference compounds. Furthermore, we were able to predict key interacting residues in the 

binding site of ACKR3 for small molecule agonists through a double-entropy analysis, molecular 

docking, Molecular Dynamics simulations, and mutant data analysis. These results open the door for 

new drug discovery campaigns for a GPCR with very scarce ligand information. 

In conclusion, a novel series of CXCR4 antagonists has been obtained with comparable affinities to 

reference compounds and improved drug-likeness.  The binding mode of the ACKR3 agonist GD-

301 has been predicted and validated through docking, MD simulations, and mutant data analysis. 

A combination of structure-based ligand design and discovery with classical medicinal chemistry 

approaches is key for the success to find novel ligands for chemokine receptors. 
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