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Introduction. Acute and chronic brain disorders and injuries affect 1 in 5 people worldwide. Neuroinflammation is an underlying mechanism common to many brain disorders and injuries. We considered that therapeutic opportunities for treating neuroinflammation exist in brain pericytes since these cells, found on the brain borders, can secrete molecules that alter microglia and neuronal functioning in response to peripheral inflammation. We determined that inhibitors of the cyclin dependent kinase CDK9, reduced expression of many inflammation markers. We now want to find new compounds with properties associated with CNS activity able to support a drug development programme. 
Aims. To search ultra-large compound libraries for new molecules that reduce inflammation marker expression in patient derived brain pericytes.
Methods. We used Ultra-GOLD molecular docking software to screen >140 million compounds against the ATP binding site of CDK9. A small set of make-on-demand compounds was selected from the top ranked compounds then tested for effects on ICAM1 expression and cell number in a high content screening assay and for inhibition of CDK9 using Thermofisher and Eurofins kinase assay providers.
Results. From the top ranked 1 million compounds, compounds mimicking hydrogen bonds made by known CDK inhibitors and with physical properties associated with CNS activity were selected for testing. Only one molecule was able to reduce cell surface ICAM expression in pericytes from four patients as visualised by high content screening. Both molecules were shown to inhibit preferentially inhibit CDK9 at 1 and 10 micromolar when compared to CDK2 as a closely related off-target protein. With Tanimoto coefficients around 0.2, both molecules had little similarity to approximately 9,000 compounds annotated as CDK9 blockers in ChEMBL.
Discussion. Phenotypic screening against patient cells can be successfully combined with the target-based molecular docking to screen ultra-large make-on-demand libraries to discover novel inhibitors of the CDK9 enzyme and ICAM1 expression. Our data indicates that the ATP binding site is capable of identifying selective molecules between at least two CDK enzymes. Our data underscore the value of ultra-large virtual screening as an approach to uncover structurally unique kinase inhibitors with therapeutic relevance.
