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Urothelial carcinoma (UC) has limited therapeutic options, making drug repurposing an 
attractive strategy [1]. We applied a four-axis framework to 15 CDK4/6, HDAC and MEK 
inhibitors: LINCS L1000 transcriptomic reversal scoring against a UC patient-derived GEO cohort 
signature, SMARTS-based pharmacophore modelling with literature validation, seven-
descriptor physicochemical profiling (RDKit) [2] and rule-based ADMET assessment. Only 
compounds satisfying strict reversal criteria (both cell lines, NES > 2, ≥3 oncology and ≥5 total 
gene sets) were retained. PCA of Morgan fingerprints segregated the target classes into distinct 
chemical-space clusters (Fig. 1A–B); romidepsin was structurally isolated due to its macrocyclic 
scaffold, exhibiting incomplete pharmacophore coverage (3/4 features) and the worst ADMET 
profile of the panel, while the highest intra-class similarity (palbociclib–SHR6390, T = 0.75) 
reflects a productive CDK4/6 analogue series. Pharmacophore validation confirmed class-
specific binding motifs in the remaining 14 compounds: hinge-region H-bond donor/acceptor 
and hydrophobic adenine-pocket fill for CDK4/6, zinc-binding groups (hydroxamic acid or 
benzamide) for HDAC, and halogen-mediated Ser212 contacts for MEK allosteric inhibitors. 
Palbociclib led by oncology pathway coverage (150 pathways, rank 2/112) with a clean ADMET 
profile (low hERG/CYP3A4, zero Lipinski violations), albeit at moderate potency (IC₅₀ = 11 nM). 
Trametinib combined the highest reversal score (5.28) with sub-nanomolar potency 
(IC₅₀ = 0.92 nM, rank 9/112) but showed high hERG risk and MW = 615 Da. Entinostat achieved 
the broadest reversal (118 pathways, rank 5/112) while vorinostat offered a complementary 
profile (MW = 264 Da, clean ADMET, reversal score 5.06) with narrower reversal (32 pathways). 
Multi-criteria integration identified palbociclib as the overall priority candidate, with trametinib, 
entinostat and vorinostat as class-specific leads warranting further in vitro evaluation. 

 
Fig. 1. (A) PCA of Morgan fingerprints showing chemical-space separation of CDK4/6 (●), HDAC (■) and 

MEK (▲) inhibitors; romidepsin is structurally isolated. (B) Tanimoto similarity heatmap 
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